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TABLE (#F THE ISOTOPES 

· G. T. Seaborg and I. Perl.Dan 

~partment· of Chemistry and Badiati-<;>n Laboratory 
University of California, Berkeley, California 

The following table represents a complete list Qf all the artifioi~l 
and Datura! radioaoti ve isotopes and stable isotopes, together .with. a number 
of their·impc)r.tant features oo:vering information available by approximately 
July, 1948, through publications, privat~ communications and almoiJt all of 
the restricted distribution repo~ts of the U~ s. Atomic Energy Commission, 
the foriler "Manhattan District", U. s. Army Corps· of Engineers _and the corres
ponding offices of Great 'Britain and CaDada. W-i'hll very fp exceptions the· 
ori ter~on for listing a radioactive isotope ha's been the actual obsenation 
of its radiation. · · 

The first Qolumn lists the atomic numben and maas numbers of the iso
topes. The. s·u~rsoript "m" foll~ing the mass number denotes a metaatabl• 
isomer of measured half-life. of either a stable or una table ground state 
but the isomeric transition Qeed not have been observed. 

In the second column hea~ed "class" the degr~e of oertaint,y of ·each 
isotopic asa'ignment. is ind\oated wi-th a· letter according to the following 
oodes · 

·A • isotope certain {mass number and element certain) 
B • isotope probable, element certain . 
C • one of few isotopes, el~nt certain 
D • eleme~~t certain· 
B • element probable· 
.F • insufficient evidence 

In JIOst oases the class ia. determined by evaluating the uniqueness of. 
the assignment through ohanica-1 aepara"tion, reaction type and yield· con
siderations, genetic relatio~s~ips, ana type of ~adiation. In a few oasea 
newer techniques have been used.. The term ."m.s." in the eeoond columi 
i'eters to the identification of the ••s number by meana ot a ••s ~pectro
graph, and "rea.n.aot.·" {resonance neutron activation) refers to the 1clen- · 

· tification of a nuclear is0111er by· obHrring 11oth iso•r• upon irradiation 
with til tered neutrons •.. With the mas <8pectrographic assigmaent ol' ••• 
huabera there are ·acme instances in whioh the maaa nUilber ta ~with 
greate_r certainty than. the eleaent. · .Such oases are tlsai~ecl the appNpria11e 
code l~tter .auoh as •1• followed by •a.a.•. 



· fhe percent abuDdance of the atable hotopes is liited in colUIID three. 

!he fourth colWID lists 1he type of radiation, with the following •an-
ing tor the symbolst 

~= • negatiYe beta-particles (negatrons) 
~ • positive beta-particles (positrons) 
Y • guma-rays 
4 • alpha-particles 
n • neutrons 
e- • internal-conversion electrons 
K • 1:-electron capture (or in more general tei"JIIS, orbital 

electron capture) 
I.T.• isomeric transition (transition from upper to lower 

isomeric state) 

In the oases where it is certain that no gauma-rays are emitted, this tact 
1e expressed explio itly in column seven by the term •xo Y". Ann!hilation 
galllllll-rays and x-rays are not listed. It my 'be assumed that x-rays han 
been observed or aotOa,lly identified in almost all oases of orbital e~ectron 
capture listed. 

!he halt-life, followed 'by the relevant reterenoe, is ginn in the 
fifth column. In moat oases the determination is direct, either by aeaaur
ing the decay rate, by weighing a long-lived isotope of known purity,·or 
by comparing the aothity with that of a genetically related isotope of 
known halt-lite.' A nUDtber of halt-li vea are known only from the yield ot 
activity resulting from a nuclear reaction of known or estimated croas 
eeotion. Halt-Uvea estimated in this -.nner are indicated by the tena 
"yield". Usually tor the oases where more than one value for the half'-

· life has been reported, an attempt has been !U.de to list the beat 'Value 
(an experimental value. thought to be taken under th• moat favorable condi
tions) rather tilan a mean value; more 'than one 'ftlue is u.ated where a ohoioe 
does not seem obvious. Among tile natural radioactivities an average value 
is often used which was taken from an interaatioml OOIIDllittee slDIIlB.ry report 
(060). 

In the columns headed "energy of radiation•, the energy value is fol
lowed by the corresponding reference and by a description ot the method 
uaed tor the energy determination. The beta-particle energies correspond 
'tQ the observed upper limits of the spectra, 'in those oases where onl7' the 
Jronopinald-Uhlenbeok (1:32) extrapolated 'ft.lue has been reported, this 1e 
listed, followed by the designation •x.u.•. For alpha-particles reported 
only by a range the "mean range in air" va. energy relationship ot Holloway 
and Livingston (H81) •• used. The methods used tor the detel'llination ot 
the energy ot the particles (alpha and beta) are deacri bed in each caae 
w1 th the aid of the following aymbolas 

aba. a absorption . 
cl.oh. • aloud ohamber (with •gnetic tield.in case ot 

beta ... partioles) 
•peat. •.magnetic deflection (magnetic •peotrograph or 

spectrometer or counter wi.th magnetic tield) 
calor. • calorimetric ID8asurement• 
ion. ch. • measurement of' pulse siaea in ionisation ohaaber 
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ooinbid. _abo. a beta- and gnmao.-coi.noidenoe counters with 
absorboril 

ooincid. a bota- nnd gamma-coinoidoaoo counters (tor infor
~tion on decay oohGmeJ dQtn nqt ncoeoonrily used in 
the ta.blo) 

a poet. ooincid. a ooino idenco c ountero nrro.nged l7i th a. 
magnotic fiold 

fho alphn-partiole energies listed. ohsro moro than a single group 
exists in high abundance. include the group ot higheot energy and those 

. groupe with nbundlllloo grOllter thAn ton peroont. Convorsion electron energiea 
·are listed only 11hen it is not knO"t7D in l1hioh ohell internal conversion takes 
place or 11hen no attempt l1llB made to rolnto tho electrons l11th observed or 
unoboerftble gcum.:l-rnys J in nll other oneco roterence 1& given in the column 
tor gaJIIIJl'.l-ro.ys • 

!h~ oymbolo uoed to doocribe the methodo employed for the determination 
ot galiiiiB.-ray energies havo tho follo~ing meaning: 

nbs. a nboorption 
ol. oh. recoil • oecondary electrons in aloud ohaDber with 

magnotio field 
olo oh. pair a posi tiw-elootron p:1ira in cloud ohruabor with 

mgnotic field 
coinoid. abo. a ueoondAry electrons 11ith coinoidonoo counter• 

nnd absorbers _ 
opeot. oonv. a intor~l-oonvorsion electrons "t7ith ~gnotio 

speotrogrnph or opootrometor 
speot. "' secondary oleo·GJ"ono 11ith magnetic spectrograph or 

spectrometer 
oryst. spoot ... direct E!3aouroment of ga.m:a-ray onorgy by 

diftrnction in n crys1nl 
nbs. or e~- .. absorption of intomal-oonversion eloctron.o 
abs. sec. e- "' abcorption or oeoon:dary electrons 
ooincid. ~ msnsuromonts l1ith gamma-gamma coincidence counter• 

(for inforDD.tion on deco.y ochemo; data· not necoo.sarily 
uoed in the table) 

Be-Y-n reaction a moaourGmsnt of neutron energy from. 
!3-Y-n roaoticn 

D-Y-n reaction a measurement of noutron energy from 
D-Y-n rGnction 

Whon intorDO.l-oonwraion olectrono are omitted. tho onorgy listed in thia 
ool'UIDD ic nl'Otl.yo thAt of tho oorrooponding gamma-my transition. Only tho 
JIQin gc:u;::c.-mya nro liotocl tor ths naturnl rndipo.otive icotopao. In a. 
tOf:ll iDO'tnnooo in t7hich n vory ohort lived liil3tnotnble ota te hao boon iden
tifiod o.o tho clo.ughtor ot tho iootopo in queotion. tho gnmmo.-rnyo ot the 
daughil"Jr oy bo liotod for both paront and &:lughte~r. 

thoa n·oocioolon io ucod. it ~nne thnt ~ho volueo liotGd on ~oh aido 
ot it oro inclopoBdont clotomiDationo of tho DflDl) 1 tom. o. g. • indopondont 
doteminationo of tho hnlt.;.lito or -or tho onorgy ot the radintion ot n 
radionotiviV• In nnothor uoogo tho oomoolon copnrntoo tho OJDbolo in tho 
•t,po ot ro.dta~ion12 ool\umo uhon thoro io mol"Q than one typo ot cloonJ 
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(~-, ~+, a, K or I.T.) f'or the radioactivity. 

!he 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,_t • tritium or 
triton (H3), y • ~amma-ray, e- • electron). In -cases in which the target 
material is not the naturally occurring element but one enriched or depleted 
in a particular isotope, that isotope is indicated! No means for identify
ing the source or energy of the projectile is given. For example, deuterons 
varying from low energies to 200 Mev have been used. In many oases,. with 
high energr projectiles, multiple particles are ejected& A reaction such 
as (d-ap2n) is a formal presentation showing what the outgoing particles 
might be and does not mean that the order of leaving the nucleus was de
termined nor that the a., p and n were identified. 

I . 
In some cases where the .path for reaching the product nucleus can e-ven, 

less definit~ly be stated the reaction is presented -in the form _(d-3zl0a) , _ 
where "3z" indica-tes that the product nucleus is lower in atomic number than 
the compouild nucleus by- three units and "lOa" means that it is lower in mass· 
number l?Y ten units. Where the same isotope has been made by spallation of 
various target elements with high energy tarticles this is indicated by the 
symbol "spal." followed by the symbols for the target elements. 

Stable product nuclei which have been identified by means of the mass 
spectrograph are indicated by "m.s." following the reference. The neutron
induced fission reactions of the heavy elements are designated by such· 
symbols as U-n, Th-n, Pu-n and Pa-n, while the ~amma-ray, deuteron and_. 
alpha-particle-induced fission reactions are designated by symbols such as 
U-Y • U-d, and u-a.. Usually, but not always, "U-n11 will mean the slow neu
tron fission of U235 while "U-d" or 'U-a" desi,;nated fission products arise 
from U238. In this last column the method of production f'o.r each radio
active fission product is described by these symbols (U-n, etc.) together 
with the designation of its radioact.ive parent and its radioactive daughter 
when these are known. Similarly, for the radioactivities of' the heavy 
natural and artificial families there are listed the immediate parent and 
daughter isotopes. The natural radioactivities without parents are listed 
as produced by a "natural solu-~e", followed by a reference to the discovery. 

Some of the data entered in tliis table were taken from restricted 
distribution reports which are not generally available. These have reference 
~umbers from 100-199. References to the open literature have numbers below 
100 or over 200. No attempt has been made to list all of the ·publications 
OP restricted distribution reports 'connected with a given radioactivity since 
it has been the aim to keep the table as compact as possible. As a rule 
references to the original papers are not given when better data are avail
able in more recent publications. The references which are listed usually 
give a key to the complete literature. 

Those references designated by "NNEB-PPR" refer to papers which will 
appear in the forthcoming National Nuclear Energy Series - Plutonium Pro
ject Record. Similarly, the symbol "AECD" refers to a declassified u. S-• 
Atomic Energy Commission Document bearing the indicated number. Since 

.... !"'. 

) -.., 



~' 

it ftS DOt po .. ible 1lo oheok all paper1 tor numberinr; ohanr;es. -the paper 
title 11 bein~ iDoluded ill the bi'blior;raphy to aid 1~ idllntitioation. 

It 11 a pleasure to aomowledr;e the aaailtanoe throur;h helptul. dil
ouaaiona or Dr. 'l .. P. lohman and Dr. w. B. Sullivan, and tO thank •117 ot 
the authors whose work is oited tor their aid in eftluatinr; data familiar 
to th•· lfe are alao r;ratetul to Jf:ra. Lorraine Petoh and lin. Jane lfult 
for their pa1natakinr; work 1r1 the preparation ot the manuaoript. 



Table of the Isotopes Pare 6 

Iootope Cla•• Percent 'l'ype of Half ).He Energy o:f Radia. tion in Mev Produced by 

z A Abundance Radiation Particles Y rays 

1 Hl 99. 9844 (JI70) 

If O.Ol56(H'10) -
H3 A ~- 12.1 yr(N46); 10.1 yr · o.on (wso) abo. No Y(G133) D-n·Y(Z10l) 

(G60) collodion; 0.015 D-d-p(A7,.U6) 
(03,N6) abo., o1.oh. 11a3 -n-p(Cl32,H13S) 

Li-n-t(04) 
.Be-d-t(06,A16) 
B-n-t(Cl6) 
B-n-t(C16) 

2 He3 1.3x1o·4 

(A7, (F35,A34) 
A30) 

He4 .....,100(T20) 

Ha 6 A ~ 
- 0.89 see (Hl20); 0.8 .3.7(81,82) el.oh.; No Y(?)(S81) Li-Y-p(B83) 

see(B1); o·.85 sea 3.5(881) abs. Al . Li-n-p(!n) 
(881) Be-n•a(B1,Pl,B3) 

3 116 7.39(1104) 

Li 
7 - 92.61(1104) 

Li8 
A ~- ,2a 0.89 oec(H78); 0.88 12(p-)OJ4) ol.oh.; 12 No Y(R25,B4) Li·d·p(Cl,Ll,R14,D1) 

sec(Ll,H107) (~·)(013) abs. Al; Li·n-Y(Kl,H107) 
distribution, mean at Li 7-n-Y(G142,H78) 
2.0(a)(F18) 

Be-Y-p (013) 
B-n-a(L24) 

, 
4 Be7 A K,Y 43 days (Rl3 ,AlB) 0.485 (Zl )ooinoid.abs •I Li-d-n(Rl,Rl3,Zl) 

0.476(R44)abs. Pb; Li·p·n(H30,H2) 
0.453(895) spaat.; B-p-a(R1,Ml) 
0.474 (Z5) spact. B-d-an(ll63) 

Bas A 2a 1o·15-10·l7 seo(W61) 0.058(H64) ion. ch. Be·Y-n(C53,H64) 
calc. 

Beg lOO(N30) 

BolO p· 6 0.560(1165,1!85) abs.Al; No Y(loi65,L78) Be·d-p(II65,L78) A 2.5d0 ~r(lo!85); 
(P48)m.o. 2.9xl0 yr(H73) 0.58(H73) abo.Al; 8e-n~Y(Bl24,H73) 

yield Q. 65 (L78) abs.Al B-n-p(KS5) 

' C-n-a(Hll9) 

5 810 18.83(!5) 

ell _81.17(!5) 

812 A ~- 0.027 sec (Jll); 12(84) ol.oh. - 8·d·p(C2,F1,B5 j 
0.022 sec(C2,B22) ~15-n-a(Jll) ' . 

6 01o 8 p• 20 oeo (8202) ..,2(8202) abs. B-p-n (S202) 

810-p-n(S202) 

ell A ~· 20.5 min{S8,T8); 0.95(026) o1.oh.; 0.99 No Y(S97) ooincid. Be·a-2n (11128) 
20.0· min (SB3) (S82) opeat •. B·d-n(Fl,C4, Yl) · 

B·p·Y(C3,B23) 
B-p-n(823) 
C-Y•n(B63) 
C·n•2n(P2) 
C-d-dn (!41) 
c-p-pn(C77) 
c-a-cm (11121), T41) 
N-p-u(Be3) 
B-n-pSn (lt68) 
Ii•Y•p2b(B2S) 
O.Y•M(t)(B68) 
0-n•a!a (Ill M, K6S ) 

cl2 98.9(1i31) 

01s 
1.1(1131) 

oa A p·(K24) 5100 yr{Ll30,N45); 0.154(8200 Jabs .A1; No Y(R21) C-d-p(Rl7,R21) 
4700 yr(R50) O.l45(R21) abs.; C-n-Y (1110) 

0.154 (L89) a pact.; 11-n-p (R2l,H108, LllO) 
0.16 (S96) spaot. O.n-u(Hl29 ,1171) 

7 1113 A p• 9.93 min(Wl4,T8); 1.24(S98) speot.; llo Y(S97) ooinoid.; B-a-n(ia,R3) 
10.13 min(S98) 0.92,1.20(122) opeot. No Y(L79) speot. C-d·n(HS, Yl, C4,Fl) 

C..p-Y(H3,C4) 
11-n-2n(P2,H44) 
N-d-t;(87) 
II·Y•n(B63) 
o-n-pSn(l63) 

rr' 99.62(V1!0) 
' .ra o,ae(wo) 

-
' 



hotopo 
Z A 

10 No19 

No20 

No21 

No22 

!102~ 

Claas 

.A 

A 
(A36) 

A 

A 

A 

A 

A 

A 

Na22 - A 

A 

Na26 E 

A 

A 

A 

Percent 
Abundance 

99.757 (Tl01) 

o.o39(T10l) 

o.204(Tlol) 

100(A30) 

'90.00(V20) 

0.27(V20) 

9.73(V20) 

100(561) 

78.60(C131) 

10.ll(C131) 

U.29(C131) 

Table of' the Isotopes 

Typo or 
Radiation 

~- • T 

~-. n(K65; 
A36) 

~~· 

f• Y. 

Halt lifo 

7.~6 soo{874); 7,6 
soo(Hl20)J 7•3 aoo 
(S81)J 8 soo(C5,Nl, 
Nl06) 

4.14 aoo(K65) 

126 aoo(M3,820) 

29.4 soo(F101)J 
.. 29.5 soo (H120)J 

27.0 soo(875) 

70 soc(N2) 

112 m1n(S1) 

~-. Y(850,C47) 12 soo(Cl) 

20.3 aeo(W7) 

40 soo(Al,86)J 
40, 7 BOO (1!61) 

2~ ooo(C27) 

~·~lao%), 3.0 yr{i.3) 
no K(G44),T 

~-' T 

p-, Y(875) 

f, T 

14.8 hr(Vl) 

58.2 ooo(875)J "60 soo 
(R47)J 62 ooo(H54) 

n.e soo(117) 

10.2 m1n(H4)J 
9. 8 m1n(B31) 

8 •••(884) 

..... 

Energy of' Ra~iat~on.in llev 
Particles - Y rays 

•3.5,·10(881) obs.Al, 
Cu1 10(Hf20)"'o1.oh.J 
4, 10.3(174) o1.oh., 
abs. 

2. 7 (~~ )(A36) 
p--n poincid. e.bs. 

1.7(F1) o1.oh. 

8.2, 6.7(873) obs.seo. 
·e-, ol.Oh. pair' I 
4(5101) abo.Pb, eu, 
---6(581) .c1.oh. recoil 

4.5 (30%), 2 .9(7o%){876) 1. 6(Fl01) abo. 
abs.AlJ 4.1(Fl01) 
abs.J 3.2(H90) abs.A1 

2.1(K4) o1.oh. 

0.7(Y2) o1.oh.J 0.7 
(KllO) .abs .A~ l 

.0.95(20%). o.s(eo%) 
(1!203) o1.0b. 

s.O(F1,860) o1.ch. 

2.20(W7) o1.oh. 

4.1(P21) abs, 

0,58(Ll5) c1.oh.J 
0.575(044) opoot.J 
ooinoid. (1472) 

1.390(888,899) spoot., 
oo·inoid•J 1.4(L21, 
S49,S82) apoot. 

3,4(875) abo.AlJ 
2.8(HJ;4) aba.Al 

2.82(117) o1.oh. 

o. 79(20;C); 1.80(80;C) 
(886) opoot., 
1.8(Cl8,1181) cl.ob., 
ooinoid. (875) 

1.4(1!203) o1.oh. 
1"80o11 

2.2(850) o1.oh. recoil 

1.3(02) opoot., 
1.30(044) ·~·t· 

1>380, 2.758(888) "l"'.at.J 
1,4, 2.8(E7,I2,B8). 
spoot.J 2.87{G16), 
2.74(W64) 
Be-Y-n reaoction, 
O.Y-n reactiona 
2.66, 2.68, 2. 76,2.89 
(1!56) o1.oh. pair1 
ooinoid. abs. (C56,W65) 

1.01, 0.84(888) opoot., 
ooinoid., 0.64, 0.84, 
1.02(12) opoct. 1 
1.05(dn~l• Y)(llll) 
o1.oh. reooU 

11-n-T~I!120) 
' N-d-p(F1) 

Pago 7 

. o-n-p(C5,S101) 
F-n-u{H1,Pl,N4) 

Spa1. (O,F,N,J!g,Al,Si, 
P,S,C1,K}(C75 0 K65) 

C-g,.n(K3) 
N-d-n(M3,Fl) 
N-p-T(D2) 
o-r-n (820 ,863,1144) 

' o-n-2n (P2) 

C-n-T(II103)' 
' F-n-p (!ll,Al) 

'll-a..n(R3) 
'C-d-n(II2,F1) 
C-p-T(D2) 
F-T-2n(B53). 

o-u-pn(T36) 
C-p-n(D2) 
C-d-n(D22, Y2,lr2) 
o-t-n(KllO) 
F-n-2n(P2) 
F-d-t(B7 ,K2) 
F-T-n(I!H,B63) 
Ho-d-u(S1) 
Na-Y-un(?)(B63) 

F-d-p(Fl,Cl) 
F-n-Y(111) 
lla-n-a(lll) 

F-p-n(117) 

lle-d-p(P21,1124) 
Ha-n-p(A1,lll>P1) 
llg-n-a(A1,B6) 

llo-p-n(C27) 
lle-d-n(P21) 

F-n-n(Ll5,114) 
llo-d-n (Ll5) 
Ha-n-2n (8131,8180) 
llg-d-u(L3) 

Ra-d-p(M, Vl) 
lla-n-T(Al) 
llg-d-u(1!4) ·' 
llg-n-p(A1) 
llg-T-p(B53,1!74) 
A1-n-n(Al) 
Al-d-pn(C85,C67) 
Al-T-n2p(863) 
Si-T-n3p(?) (863) 

llg-Y-p(l!64,1!6l,B63) 
llg-n-p(B61,875) . 
A1-T-2p(B63) 

lla-p-n (117, D9) 
II~Y-n(B43,1!44,B63) 

ll~d-p(1!4) 
llg-n-T(Al) 
Al-n-p(Al) 
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Table of the Isotopes !'ago 8_ 

; 

Isotope Class Percent Type of Half lifo Energy of Radiation in Mov Produced by 

z A Abundance Radiation Particles y ~ya 

13 Al26 A . ~· 6 seo(884); 7 .o sec 2.99(W7) ol.oh.; 1.8 l!a-a:-d'(II4,F2) 
(W7,F2) (F2) abs. llg-p-n (W7, D9) 

llg26_p-n(B84) 
llg-p-Y(029) 
Al-Y-n (H48 ,B44 ,B68, 863) 

Al27 100(A31) 

Al28 A ~- ,r(W17) 2.30 min(E31); 2.4 2.75(875) ooincid.abs.; 1.80(876) abe. seo.e·, Mg-a:-p(E2,R3) 
min(Al,II5,E2) 3.3(06) cl.oh.; 3.0 1.8(12) spoot.; 2.1 Al-d-p (115) 

(E31) cl.oh.; 3·10 (E31) ol.oh.reooH 1 Al-n-Y(A1) 
(054) abs.Al, coincid 1._80(886) spoot •. · Si-n-p(A1,875) 
3.01 (886) speot. Si-Y-p(863,B74) 

P-n-a(&l) ·,·,. 
A129 A ~-· 6. 7 min (825) 2.5(825) ol.ch. and abs Mg-a:-p (B25,B21,F3) 

Si-n-p(FllO) 
5i·Y-p(B53,H74) 
P-r.:2p(B53) · . 

14 5127 A r· 4.9 sec(K10,027) 3. 74 (1!21) c1.ch.; 3.54 Al-p-n(KB,II21, 027,88) 
(BB) o1.ch. Mg-a-n(KlO) 

51-Y-n (B62) 

S128 92.28 (15) 

5i29 4.67(15) 

Si30 3,05(15) 

5131 A ~- 170 min(N3,Al3) .l.B(K4) cl.oh. No Y(NS) Si-d-p(N3) 
Si-n-Y(A1) 
P-n-p (A1,P2) 
S-n-a(S2,09) 

15 p29 A ~· 4.6 seo(Wll) 3.63('«11) ol.ch. Si-p-n(Wll) 
8i·d-n(Dl2) 
P-r-2n(?)(B53) 

p30 A r· 2.55 min(R3,849) 3.0(848.,849) o1.oh.; Al-a-n(R3,C7) 
3.5(1!26) speot. 8i-p-n(B23 ,849) 

Si-Be3-p(&7) 
P-n-2n(P2) 
P-Y-n(820,B53) 
S-d-a(52) 

p31 100(A31) 

p32 A f 14.30 days (08) 1 14.07 1.712~588) speoto~ 1.69 llo Y(K4) Si-a:-p(F3) 
days (1139) (L5 speot. P-d-p(113) 

P-n-Y(A1) 
8-n-p(A1) 
S-d-a(82) 
Ol-n-a(A1) 
01-d-pa(Tl07) 
Ou-d-15z38a (M87) 

p34 B ~-.r(Z4) 12.4 sec(Z4) 5.1(75%), 3.2(25%)(842) S-n-p(Z4) 
coihoid. abs.; 4.9 01-n-a( Z4,B90) 
(H90) abo. A1 

16 831 A ~· 2.6 sec(B57); 3.2 sec 3.85(Wll,E4) o1.oh. 81-a:-n(no) 
(Wll,KlO) P-p-n(Wll,V4) 

8-Y-n(1143 ,B44,H58) 

832 95.1(N32) 

s33 0.74(1132) 

834 4.2(1132) 

835 A 
. 

~- 87.1 dayo(H53) 0.167(5200) aba.Al; S-n-Y (8102) 
0.169(B82,078) spoot.; S..d-p(025,K13) 
0.17(0110) abs.A1; C1-,_p(&3 ,LB ,L58, Kl3) 
0.107(L6) spoct.J C1-d-a(Kl8) 
0.120(1!13) abs.Al; 
0.103(864) speot. 

836 0.016(1132) 

837 B ~- ,Y 5.04 min(Z4); 5.0 min 4.3(10%), 1.6(90%){Z4); 2.6(842) abs •I 2. 76 s-n-r(B130) 
{Bl30) 4, 1.4(H130) abs.Al (B180) abs. seo e· C1-n-p(Z4,H180) 

17 c188 A ~· 2.4 seo (1111) 4.13{Wll) o1.ch. s-d-n(H81) 
S-p-n(W11) 

C134 A ~· ,y 33 min(S2,B21) 2.6(821) abe.; 6.1,2.4 3.4(H72) o1.oh.reoo11 P-a:-n(F2,N3,B21) 
(B72) o1.oh. S..d-n(S2) 

8-a:-p,n or S..a:-d(S45) 
8-t-n (KllO) 
C1-n-2n (P2) 
01-Y-n (820,844) 

C186 75.4 (1133) 
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17 Cl36 A . , ~+I K1 f 2x106 yr(!,!lS~) 0.64(p")(G8) abo. Cl-n-~(G8) 
(G8) yiebd ~ .~ 1 Cl-d-p(G8) 

~103 yr(0112) yield: 
>10 yr (G8 ,05) 
yield --

0137 24.6(1133) 

Cl38 A f,r 38. 5 min (H75 ): 1.19(36%). 2.70(11%), 1.60(43%). 2.12(57%) Cl-d-p(K4, Vl) 
37 min(Vl) 5.2(53%)(H75) opoot.l (H75) speot., Cl-n-Y (Al, K18 ,A15) 

1.1, 2.8, s.o 1.65, 1!.15 K-n-a(HS) 
(Wl6,Wl7) opeot.J 
(1117) ooinoid· abo. 

(C28,I2) opeot. Cu-d-13o27a (1117) 

18 A35 A . ~·· 1.88 ••• (E4) 4.4(14,1111) ol.oh. s-a-n(KlO) 
Cl-p-n(llll) 

A36 0.307(1134) 

A37 A K(H52,W54) 34 .1 days (W54) No Y(W54) s-a-:n(lll8,W54) 
Cl-d-2n (Wl8,W54) 
Cl-p-n(Wl8,1154) 
K-d-a(lll8 ,W54) 
Ca-n-a(Wl8,1154) 

,sa 0.061(1134) 

A39 F ~ 
- 4 min(P2) K-n-p(P2) . 

A40 99. 632 (1134) 

A41 A f,y 110 min(S3)i 1.16, 3.55(0.71()(876) 1.37{R8) o1.ah.rocoilJ A-d-p(S3) 
109.4 min(B76) aba. Al, ooinoid. 1 1.3(876) abo.of o- A-n-Y(83) 

l.5(K4) ol.oh. (K.U.) K-n-p(HS) 

19 ~6 A p•,y 7.7 min(HS,R3) 1 2.53(R52) abo .All 2.15(R52) ooinoid.abs. Cl-a-n(H5,RS) 
7.5 min(R52) 2.3(R5) abOo K-n-2n(P2) 

K-Y-n(H43,H44) 
Ca-d-a(HS) 

~9 93. 3(1134) 

K40 A 0.012(1134) f (T31,C6l}, l.42xl09 yr (unoorr. 1.35(037) opoot. l.S4{with K) Natural eouroe (TSI,C6l 
(H88, (~95%) for ~)(B7l) 1 ooinoid.l 0.40(H83), (H98) coinoid.l 
862) is2w· 7xl0 yr (unoorr. 0.725(L6) opeot.1 l.5(with K)(M73) abo. 

34% (880), for K)(B80) l.3(H87) abo. Cu 1 Cu. Pb,· coinoid.; 
K0-5%) l.7(weak)(F43) cl.ah. 1.55(711 ot p-) 
(8204), (G59) abo. 

' (66%)(860~ 
T(K52) . 

K41 ·6. 7(1134) 

K42 A , - ~-' T 12.4 hr(HS): -La, 3.so(B7s) 1.4, 2.1(875) abo, A-o.-pn{Ol09) 
12.44 hr(S65) abs.Al, oolnoid.l ·ooa •• -, 1-61(865) K-d-p(BS) 

3.5(K4) ol.oh•l 2.04 speot., oolnold. K-n-T(HS,Al) 
(25%), 3.56(75%) Ca-n-p(HS) 
(S65) a peat. So-n-a(HS,B75) . 

K43 B p-,T 22.4 hr(Oll6) 0.24,0.61(0116) apeot. 0.4(0116) aba'.Pb A-a-p{Oll6) 

K43 D ~- 27 min (8138) Ca-n-p(Bl36) 

K43,44 c p - 16 min(Wl,lll2) ca-n-p(Wl,Wl2) 

20 Ca39 F p• 4.5 m1n(P2,Wl2) Ca-n-2n (?)(P2,Wl2) 

Ca39 E 1.06 oeo(H44) ) Ca-T-n(H44) 

/ 
Ca40 96.96(1132) 

Ca42 0.64(1132) 

ea•s 0.15(1132) 

ea"4 2.06(1132) 

ea45 A ~ - 152 days (1114) 1 0.260(866) aba.Alt llo Y(KU6,Pl06) Ca-n-Y(lll2) 
160 daya tne) 0.25(Pl06) opoot.J Ca-d-Y(Wl2,ll5) 

o. 21 (1174) So-n-p(Wl2,Kl16) 
Ti-n-a(Cl01) 
Bi-d(G62) 

ca•a 0.00153(1132) 

Ca47 F f,y 5.6 daya(K'74) 1.1(11'74) 1.3(1174) Ca-d-p(1174) 

Ca 48 0.19(1132) 

ea•9 A f,y 2.6 hr(lll2) 2.3(lll2) abo. 0.8(lll2) abo.Pb Ca-d-p(lll2) 
Ca-n-Y(lll2) 

Ca49 " 
B f 30 m1n(lll2) Ca-d-p{Wl2) 

Ca•n-T(Wl2) 
' 

' 
' -
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Iootope Claee Percent Type of lla1t Ute Eo.ergy of Radia_tion in llev Produced by 

z A Abundance lbldiation Part1o1eo Y ray• 

t 

21 So41 A . p• 0.87 aeo (KlO) 4.94(84) ol.ob • Ca-d-n(Kl0,114) 

So43 A p• ,Y 3.92 hr(ll92); 1.12(1192) -.b,.Al,ol"'ot.; 1.65(1192) -bo.Pb, Cu; c&-g,.p(F4,1110) 
4 hr(WlO) Oo4, 1.4(1110) abo. 1.0(1110) abo.Pb · 'ea.:.d-n(n) 

Ca·p-n (D2,D9 ;1192) 4-, 

so•411 A I.T.,e- ,Y 2,44 days(1192)\ - 0.27(119,819) opeot. K-a-n(lnO,II1) 
(Wlo) 2. 2 day• (1110 OOD.T•J - Ca-d-n(n,S19,Hl) 

0.26(1192) abo.of e Ca•p-n(D2,D9) · 
So-n-2n (B9 ,1192) 
T1·d-a(W4) 

ao'' A p• ,Y,K(1192) 3.92 hr(ll92)s l,a(wlQ) abo., (Sl9) 1.33(1192) abo.Pb,CU,A1 K-a-n(WlO,Hl) 
4;1 hr(WlO) •p•ot. 1 Ca-d-D (113, Sl9 ,Ill) 

1,33(1192) abs.Al Ca-p-n(.Ii2,D9) 
So-n-2n (89 ,Ill) 
So-Y-n (ilzo) 

So 44m I.T. (1110) 
U-d.a(ll80) . 

So45 100(A31) 

So46 A f,y,K(m;) 86 dayo (1'!6) 0.36 (p-) (F36,1!76,P49) 0.88, 1.12(F36,1f/8,P49) ea-a-p (no) 
opeot.; 0.26(p )(1!76) speot. J So-d-p(Wl,W5) 
abe.Al, oo1no1d. J 1.26(Wl0) abo.Pb; So•n-Y(Wl) 
0.4(f )(Kl16) abo .A1; 1.6(1142) abo;Pt., Ti-d-e> (WI.~ 
o.2s, 1.scn(l'll.o> 1.4(Kl16) abs.Pb 'U-n-p(114 
abo.; 1.49 (p ){weak) . 
(P49) opeot. 

Son F I.T. (?) 24 min (P106) Sq-n•'l' (PlOS) . 

So47 B p - 3.4 dayo(Bl,H93) 0.46(1193) abs.Al llo Y(?)(ll93) ea-a-p (1193) 
Ca-d-n (1193) 
ea-p-r(H9s > 

So4S A f ,Y(WlO), K 44 hr(WlO,M2,1193) 0. 64 (S19) speot. 1 0.98, 1.3S(P46) opeot.; Ca-p-n(Hl) 
(?)(1193) 0.67(1193) abo.Al 1.S6(M2;1d30) opeot.; Ca·d-2n (S19,li2,H1,11150) 

1.33(1193) abo.Pb Ti-n-p (114, 1'2, WlO,JdSO) 
Ti-d-u(H60) 
V-n-a(114,P2,W10) 

~ 

So49 A p - 57 min(WlO) 1.8(1110) abo. .llo Y(WlO) Ca•d•n (1110) 
'fi·n-p (lno) 
'f1-~·p(ll74) 
ea4 (2.5 hr) p· deeay 

11110) . 
Ca 9 ( 30, min) f deoay 

(8103) 

22 u'6 .l p• 3.08 hr(.l17) 1.2(.l17) o1.oh. ea-u-n(.l17) '-· 
So•p-n(A17) 
So-d-2n (A17) 
'f1·n-2n (.l17) 
T1·Y•n(ll46,1182) 

T146 D 21 dilyo (D101) 
Cu-d-8s20o (1197) 
So·p-n(D101) 

!148 7.96(1132) 

T147 7. 76 (1132) 

!i46 78.45(1132) 

'fi49 6.61(1132) 

T160 6,34(1132) 

'fiSlal A p· ,Y(W4) 8 llin(S28) 1.6(826) abo. fi•d•p(W4) 
'fi-n-Y(lf4,.\1) ') 

T151 A P- ,r 72 dayo (lie) o.ss(W5) abo., 1.0(W5) ooinoid.abo., 'fi-d-p{llll) 
Q.S(If!T) aba • .ll 1.02(11177) ooinoid. 'fi-n-Y {1IS) 

abe. CU-d-8sl4a (1197) 

n v'8 " ·p· .• x. y(m;, 16 dayo(W4) e.?!{~S) opeot.; 0.98,1.8S(P46) apeot., So•u-n(116l 
liSO.ll p• 1.~-) ol.oll.J 1.0&(JK) o1.oh. fi·d-n(W4 
·{$811), J[ • 0.68(1180) nooil1, ri-p-n(D9) 
{~){GH) 1.60(1160) aba.Pb Cr-4-u(114,P45) . CU·d·1117a (1181) 

1'9A7 c p• as lli'li{llt,o7) 1.9{114,07) abo. Ti-«-n (114,01) 
u-rn(D9,o1) er• p• deoa,.(t)(Ja) 

vu B K 600~{1111) lo p• or ··(W5) llo r(W5) 'fi•d-ti{W&) 

!1 100(A31) 

vfi2 " p· ,r 3.74 ain(ll40); 2.06(D24) abo.; 1.46(119Sl abo.Pb,h,Cn; v-n-T(W4,P2,.\1) 
3.9 e1n(114) 2.66(!5) o1.oh. 1.S(G1 abo.Pb V•cl•p{W4) 

Cr-n•p (114, P2) . Cr-l'r·p(HT4) 
........ (114,P2,.ll) 

'~""" 
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24 Cr49 A . p•,y 41.9 min(07)J 1.45(07) abe., o1.oh. 0.18, 1,55(1l7) abe.Pb 'ri-c.-n(07) 
46 min(H62) Cr-n-2n(07) 

Cr-Y-n(H62) 
Cu-d-6ol6a or .. Cu-d-6&16a(1!87) 

Or 50. 

' 
4.S1(Wl21) 

Cr61 A K,Y,e-(lf1ll)J 26.6 dars(WU) o.s2(sing1e) (11120,1167) T1-c.-n(Wl3) 
no ~· (834 epeot.oonY. J 0.3SO, V-p-n(BS4) 

0.237(83•) abs.of e- Cr-d-p(WlS,.t.l4) 
Cr-n-Y(Wl3,11l20) 
Cr-n-2n (41•) 
Cu-d-6&14a (1!87) 
As-d-10&26a (H66) 

Crse 8S.76(Wl21) 

Cr53 9.66(Wl21) 

Cr54 2.38(Wl21) 

Cr55 B 1,3 hr(S104) 1 Cr-n-Y (Dl4 ,114) 
1.6-2.3 hr(A14,D14) Cr-d-p(.t.l4) 

25 lin 51 A ~· 46 min(L7) 2.0(L7) abs. Cr-d-n(L7) 
Cr-p-Y(D2,D4) 

- Cu-d-5z14a (1187) 

lln52m A p+ ,y1 I,T.(~ 21 min(L7) 2.66(012) spect•J 1.46(012) spect., Fe-d-n(D5, L7) 
(0.05%) 2.2(H6,Ll2) o1.oh. ociinoid•J 1.2(H6)J cr-rn(Bs~H12) 
(012) 0.39(I.T, ?)(012) Fe6 p+ deoar(lll7) 

spe~t.oonv. 

lin 52 A ~· (35%), K. 6.6 days(L?), o;68(P45) speot., 1.0(86) 1 0.73, 0.94, Cr-p-n(H6,H12) 
(65%), 5.8 daye (1197) 0.77(H6,H12) o1.oh., 1,,6(P46) apeot., Cr-d-2n (P45) 
(G44),Y 0.75('1'108) abs.A1 · ooinoid_.abs. Fe-d-n(L7) 

Cu-d-6&138 or 
Cu-d-6&158 (1187) 

As-d-9z25a (H66) 

llnM A K,Y(L7) 310 dare (L7) 0.835(DS6) speot., V-c.-n(L7) 
ooincid.; Cr-d-n(L7) 
o.85(L7) abs.Pb Cr-p-n(D9) 

Fe-d-n(L7) 

lin 55 100(863) 

""'56 A ~- ,Y 2.59 hr(L7) 0.75, 1.05, 2.86(El2) 2.06(20%). 1.77(30%), Cr-<>-p(R3) 
spect., ooinoid. J o .a22 fv10o%)(S66) lln-n-Y(A1) 
1.04, 2.88(T8) speot.J epeot.; lln-d-p(L7) 
0.75(20%). 1.04(30%), 0.345, 1.81, 2.13 Fe-d-n(L7) 
2.8l(SO%)(S66) speot. (E9,El2) speot.; Fe-n-p(Al) 

2. 7 (C;1%) (W64. Wl24. Co-n-n(A1) 
Ll31) ll-Y-n reaction Cu-d-p2a or 

Cu-d-p2a2n(M87) 
As-d-9z21a (H66) 

26 Fe 52 A ~· 7.8 hr(MB7) 0.55(1!87) abs.A1 Cu-d-4z13a or 

~-~~~~itue 7)arsnt 
Fe 53 A p• 8.9 min(R3) Cr-n-n(R3) 

Fe-n-2n(L20) 
Fe-Y-n (H43,H62) 
Cu-d·4zl2a or 

Cu-d-4zl4a (r.ll7) 

Fe 54 6.81(Wl21) 

Fe 56 A K, no :·, N4 rr(V4). No Y(P50) Mn-d-2n(H127) 
no ~ (B46) lln-p-n (V4) 

Fe-d-p(L23) 
eo66 ~+ deoay(LlO) 

Fe 56 91.66(Wl21) 
\ 

Fs57 2.20(Wl21) 

Fe 58 0.33(Wl21) 

Fe 59 A p- ,y 46.3 dars(S174)J 0.26, 0.46(D16) speot., 1.10, 1.30(D16) speot. Fe-d-p(L2o;o16) 
45.6 days(G45) 1 ooinoid. abs. Fe-n-Y(S105,1fl01) 
47 dar• (L20)J Co-n-p(L20,Il00) 
42.5 doys (Kl03) Cu-d-a2p or 

Cu-d-2n(ll87) 
As-d-8&18a (H66) 
Bi-d(G62) 

27 Coss A ~+ ,Y 18.2 hr(D5) 1.50(L21) epeot. o.1e, o.21, o.e. 1.2 Fe-d-n (L10) 
(C20) o1.oh. reooil Fe-p-Y(L9,UO). 

Cu-d-SzlQa or 
Cu-d-3112'. (1187) 

Ae-d-7&22a (H66) 
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Co 56 . ~+, Y, K(E9) 27 A 

Co 57 A K, Y, e-~ 
~+(LID 

Co 58 A ~+, Y(l5") 
(G44); K, Y 
(85!i()(G44) 

co5~ 100(1152) 

Coso A ~-. y 

Co6Dm A I.T., Y, e-
(>90%)(LIO, 
Dl7,D36, 
SI03); ~-,y 
C<lo%) (017. 
056,1110, 
SI03) 

Co 61 A p· 
(PSI) m.s. 

CoS2 B p·, Y(P52) 

28 11157 A ~· 

11158 67.76(WI21) 

11169 B 

Ni
60 2S.I6(WI21) 

NiSI 1.21(W121) 

11162 3.6S(Wl21) 

11164 1.16(Wl21) 

11165 A ~-. y 

I 

111
66 

A p· 

29 Cuss D ~· 

Cu59 E ~· 
cu60 A ~·. y 

(L85) m.s. 

I 

.~. 
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72 days (LlO) 1.60(E9,El2) spoot., 0.845, 1.26, 1.74, 
ooinoid.J 2.01, 2.55, 3.26 
1.2(LIO) abs ., (El2) a poet., 
(017) cl.oh.,ooinoid. ooincid.; 1.7(C17) 

abs.Pb, ooincid. 1 . 1.05(Ll0) abo .Pb 

270 days(LIO) o.26(p.)(LIO) 0.117, 0.1~0, 0.202, 
0.215(P3) apeot. 

72 days (LlO) 0.470(EI5,D35) spoot.; 0.~35(035) spoot., 
( El3) ooinoid. 1 ooincid.; 
0.4(L10) abs. 0.6(L10) abs.Pb 

5.3 yr(L10) 0.31(D17,D36) spoot. 1.1S, 1.32(M?8,J8) 
ooincid. abs.; spect. 1 1.16, 1.30 
0.23(055) spoot.; (P106) spoot.; 
0. 310(M78) ape ct. 1.10, 1.30(017,036) 

speot., ooincid. 

10.7 min(L10) . 1.35(~")(N1o) spoot.; 0.066 (I.T. )(D17 ,D36) 
1.251~-)(036) spoot.; speot. conv. 1 
1.56 ~-)(P10S) spoct. 1.5(with ~-) 

(NI0,036) abs.Pb; 
1.32(with p•) 
(PI06) spoot. . 

1.75 hr(P51) 1.1 (P51) abs.Al No Y(PSI) 

13.8 min(P52) 2.5(P52) abs.AI, 1.3(P62) aba.Pb 
ooincid. 

36 hr(Lll); 
34 hr(H66) 

0.67(Lll) abs. 

12 yr(CI24) Jiold -o.o5(Cio2,CI24) 
abs.Al 

2. 6 hr(Lll) 1.9(Lll,SIS1) abs.Al . 1.1(Lll) abs.Pb; 
0.280, 0.65, 0.95 

(G3) speot. 

56 hr(GS2) 

7.9 min(D4); 
10 min(L83) , 

81 ooo(D4) 
' 

24.6 min(L8~) 1.8, 3.5((5")(L83) r.s(LSs) abo .Pb 
abs.Al 

Fa~· 12 

Produced by 

' Fe-d-2n(LIO,~,JI) 
Fe-a-np(LIO) 
Ni-d-a(LIO,Cl7) 
Cu-d-3z9a or 

Cu·d-3zlla (TI08) 

Fe-d:n(L9,B24,P4, LID) 
Fo•p•Y(LlO) 

J.ln·<t·n(L9,LIO) 
Fe-d-n(L9, B24,P4, LID) 
Fe-p-n(L9) 
Fo-e>•np(LIO) 
Fe-p-Y (LID) 
lli·d·<t(Lll) 
Ni·n·p(V5,LIO) 
Cu-d-a.p2n or 

Cu-d-<tp4n (T108) 

Co-d-p(L9, B24, L10, 
DI7,Nl0) 

Co·n-Y(R9, L9 ,LID) 
co6Dm I.T. (LlO,Dl7) 
Ni-d·<t(L10) 
Cu-n-<t(M64) 

Co·n·Y(H7, L8, L10,017) 
Co-d·p ~1110) 
Ni-n-p H8,L10) 

Co-t-p(K64) 
N1·d·<1n (PSI) 
N164.p-<t(P51) 
N161.n-p(P51) 
Cu·n-n<t(PSI) 
Cu-d-<tpn(MB7) 
As·d-7zl6a (HS6) 

N1 62 -n·p (P52) 
Cu·n-<t(P62) 
Cu-d•<tp(P52) 

Fo-n-n (LU,Nll,DI8) 
N1-n-2n(LU,Nll,01S) 
Ni•Y•n (H46,H62) 
Cu-d-2z8a or 

Cu-d-2z1Da (M87) 
As ·d· 6z 20a (H6S ) 

Fo-<t-n(Cl17) 
N1-n•Y(CI02) 
Ni·d·p(CI02) 

111·d·p(Lll,Nll) 
111-~·Y(H8,Nll) 
N1 6 -n-Y(Gl34 ,066) 
111-n-2n(H8,DI8,1111) 
Cu-n-p(H8) 
Zn·n-<t(H8) 
cu65 • .,.p (S87) 
Cu·d-2p(IIB7) 
As·d-6&12a (HS6) 

As·d-6zlla (ass) 

B1~~tsrn~lt of 

Ni-p-n(D4) 

111-p-n(D4) 

Ni·g-n(LBO) 
1116 -p-n(LB~) 
liiso.d·2n (LS5) 
llise.".pn (LB~ l 
Cu-d·p4n (1187) 
Ao·d·5zl7a (H66) 

\ \ 
.; 
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Cu61 r 
p+ 1 K(A4) s.4 hr(Tl,Rl5) 1 1.206(C80) opeot.; llo Y(G2,836) 111-d-a(nl 29 B . 

3.ss hr(C80) 0.9(Rl5) abo.; 111-rn<~» 
1.23(836) 1116 •p-n(L83) 

Ni-p-Y (!») 
111-..-p(Rl5) 
Cu-d-pSn or 

cu-d-p6n(loll7) 
Ao-d-6zl6a (H66) 

Cu62 A p+,y 10.6 mln(H6)J 
10.1 mln(L83) 

2.6(Cl3) ol.oh.; 0.66(Tl08) abo.Pb Co-..-n(Bll) 
2.6(!108) aba.Al lll•p-n(Sl8) 

lil-p-Y(Sl8) 
Cu-n•2n (88) 
Cu·Y·n(B20,H44,B4fi, 

•H62) 
Cu-o· -•"n(S59) 
cu-i·t(K22,n4) 
zn6 K dooa;y(1187) -

Cu63 69.09(!104) 

Cu64 A f(6s%), 12.8 hr(V2) o.sncr>· 0.657(~·) 1. 20 (woalc )(B44) 111-p-n(Sl8,D4) 
~·(32%). (C7S apeot.; + ooinoid. abs., Cu-d-p(V2) 
K,Y(3%) o.s8(f), o.66(~ l 1. SS (2.6%)(D62) Cu-n-Y(ile) 
(B44,A4) (T6, Tll, TS) opoot.; opeot. Cu-n-2n (88) 

0.57(~-). 0.64(~·) Cu-p-gn (R46) 
(Pl06) speot. Cu-r-n(845 ,862) 

Zn-d-a(B61) 
Zn-n-p(HS) 
Ao-d-SdSa (868) 

Cu66 30.91 (!104) ' 
Cu66 A f,y 5 mln(Al) 2.9(86) ol.oh.(K.U.)J l.S2(M19) aba.Pb Cu-n-Y(A1) 

2.68(G16) Cu-d-p(L31) 
Zn-n-p(H8) 
Ga-n·a~CS) 
11166 ~ dooa;y(G62) 

Cu67 B ~ - 56 hr(G62); 0.56(8204) abs.A1 Aa-d·SdOa (!166) 
61 hr(H66) Bi-d(G62) 

so Zn62 A K(?)(l!87) 9.5 hr(1!87) Cu-d-:5n or Cu-~5n, 
perent of Cu (1187) 

Ao-d-h15a (8204) 

in6s A ~+ ,Y, It(?) 38 min(D4,B20) 2.3(818) abo., (Tl1,T8) 0.96(woak), 1.9(woak), Ni-o.-n(Rl5) 
(H207) apeot. J 2.6(woalc ),(B45,H207) Cu-p-n(S18,D4) 

2.36(88%)(B45) Cu-d-2n (L31, 78,1187) 
Cu-d-4n(1187) 
Zn-n-2n(88,P2) 
Zn·Y·n(B20) 
Ao-d•h14a (8204) -. 

Zn64 48.89(L88) 

Zn65 A ~+(1.3:(), K 260 da;yo (L12) 0.32(~+)(P106) opeot.J l'.ll(J8) opect.; Cu-d· 2n ( P4) 
(98.7%) - 0.4(~ )(D9) o1.oh. 1.14(019,1134) apoot.; Cu-p-n (812) 
(G46),Y,o 1.14(46% of 11:), no Y Zn·d·p (Ll2) 

(54% of K)(G46) Zn-n-Y(S6) 
x-ray-e • ooino id. J Ga66 K dooa;y(LlO) 
0.46, 0.66, 1.0(Irl6, 

\ IS) cl.oh. raooil 

Zn66 27.81 (1.88) 

Zn67 4.07(1.88) 

Zn68 18.61(1.88) ' I 

Zn69m A I.T., Y(nl) 13.8 hr(Ll2) 0.439(89,GS) apoot. zn-d•p(L12,n1, V7) 
oonv. Zn•n-Y (T2 ,L12) 

Ga-d-a(Ll2) 
Go-n-p (Ll2) 
Ao-d-2a(H68) 

'Zn69 A ~ - 57 min(L12) 1.0(Ll2) abo. llo Y(Ll2) Zn-d-p(Ll2,n1, V7) 
' Zn-n-Y (!2) 

' Ga-d-a(Ll2) 
.Ga-n-p(Ll2) 
Aa-S;2a(H68) 
zn6 I.T. (n1) 

Zn70 0.620(L88) 

Zn71 8 ~-,Y(Hl30) 2.2 mln(H130) 2.1(8~30) Zn·n-Y (81SO) 
Ge·n-a(H130) 

Zn72 f ,Y(Sl49, 49 hr(S149) ~o.3(96%), .... 1.6(5%) 
72 

A u-(G parant or Go 
G120) (8149) abo .Al Gl21) 

Bi·d(G62) 
.t.a-d-h6a (H68) 

31 Ga64 B ~· 48 mln(813) Zn-p-n (813) 

Ga65 A K,o - 16 min (A4,Ll0) o.o64, o.n7(D9) Zn-ct-n(.t.4,L10) 
speot • OODT• Zn-p-Y(D9) 
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-
Ce 66 p• 31 A 9.4 hr(Bl3,R3) 3.1(117) abs. Cu-a,.n(M'7,R3) . Zn-p-n (Bl3) 

!.•-3-3•11• f666) 
ae6 decay 6147) 

Ce67 A K,Y,e - 78.3. hr(IISS); 0.094, 0.174, 0.187, Zn-d-n(A4,G6, V7) 
83 hr(A4) o.sol(C2l) speot.; Zn-a-p(MB) 

0-0926, 0.180, Zn-p-a(Bl3, V7) 
0.297(69) opoct. As-4-3110.. (666) 
conv~' srot. J aeB p• decay(6147) 
0.292(G3 apeot. 

Cess A p• 58 min(R3) L9(R3,1!7) abs. eu-a-n (R3,117) 
Zn-p-n{D2,Bl3) 
Zn-p-Y(?){D2) 
Zn-d-n(G6, V7) 
Oo.-n-2n(P2) 
Oo.-Y-n(B20) 
Ge-d-a{S29) 
Ao-g-3•9• (H66) 
ae6 K dooay(666) 

Go. 69 61.2(861) 

Ga 70 A p- ,Y 20.3 min (8139), 1.68(825) ol.ch.(K.U.); Zn-p-n (D2, V7) 

• 20 min(B20,Al) 1.65(6136) opect.; Zn-a-p(IIS) 
1.62(8139) abo.Al Ce-n-Y(Al) 

Ce-n-2n (P2l 
Oo.-Y-n(B20 
Go-d··a(829) 
Ge-n-p(G29,Gl2l) 

Ce7l 38.8(861) 

Go. 72 A p- ,Y 14.3 hr(1130,Gl2l,Sl49); 0.64(40%), 0.96(32%). 0.63(18%), 0.84(100%), Ga-d-p(L20) 
14.1 hr{S6) 2.52(18%), s.15r-10%J l-87 (8%). 2-21 (32%). Ce-n-Y(S6,Gl21) 

(663) opect. 1 2.51(28%)(663) opect.; Ce-n-p(S29 ,G12l) 
(1194) opoot. 1 (1194) opoot. 1 Ao-d-a~JC130) 
N0,77, 2,3'(1188) 0-64f.-8%), 0.84r-46%~ U-n,Zn p- deooy(GU1) 
coinoid. a.ba.; 2.25 r-46%)(1167) Bi-o(P66) 
o.s(.,.ss%), N s.1 H5%) opeot. 1 2.50(W64) Tl-a(Tl09) 
(8149) abs.Al ' D-Y-n reaotior:. 1l-a(Oll5) 

Go. 73 B p-(8150,0121) 6 hr(S160, Gl21) 1.4(8150) abo.Al No Y(Sl50) Ge-n-p{G121) 
1l-n(8150,8149) 

Ga 74 D p - 9 days(S29) 0.8{829) Ge-d-a(829) 

32 Go 66 A ~140 min (Hl4 7) Ge-d-§Sn, parent of 
a.. 6.(6147) 

Ge61 B p•(Hl47) 23 min(H147) Go~~~i4~ront of 

Cess B K(H66) 260 dayo (666) 1 Zn-a-2n{lll,ll99) 
-195 day a (Ill) Ao-d-a5n (H66 ~ 

, Parent or Ga 8 (H66) 

Go70 20.55(ll05) 

Ge1l ... K,e- {?)(830), 11 dayo (830) 1 ....,o. 6(p+ ?){M67) 0.6(830) abo. of e - Go.-d-2n (sso) ; 

K, no p- or 11.3 dayo(D10l), Ga-p-n (DlOl) 
o-(8104)1 11.4 days (H66) Ge-d-p(83o) 
p•(?)(ll67) Go-n-Y(S104) 

.to-d-a2n (666) 

Go7l A p• 39.7 hr(DlOl); 1.2(830) abo. Zn-o-n(I!B) 

' '40 hr(S30ll Go.-d-2n (830) 
\ 36 hr(H62 ; ' Ga-p-n (D101) 

38 hr(H66) Oa-n-Y(S6,S29) 
Ge-d-p (S6,S30, 829) 
Go-n-2n(S26,829) 
Oa-Y-n(H62) 
Ao-d-a2n(H66) 
s.-n-u(829} 
A a 71 p+ deoey (H66} 

Oa72 27.37(!105) 

Ge73 7.61 (nos) 
0.74 86.74(!105) 

Ge'16 A f ,Y{830) 89 min(S30} l.l(S26,S29} ol.oh. - Ge-n-a(S6,S29} 
(K.U,); 1.2(830} Ce-d-p(S6,B29,S30} 
abo. Al 

' 
Go-n-Zn ( 829,830) 
Oa-Y-n(H62) 
Aa-n-p{S29,S30} 
Sa-n-a(829, 830) 

0.76 7.67(!105} 

0.71 A p-(829}, 12 br(830,Sl06) 2.0(8106) aba.All Ge-n-Y(S6,S29) 
Y(8162} 1.9(825,829) o1.oh. Oo-d-p(S29, S30} 

(K. U.}; Sa-D·Cl(SSO} 
1.8 (8152} aba • .u U-n<f+06} parent or 

A! iS151 j 8152} 
u23 -n s1a• 
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82 Ge17m 8 . B- 59 oeo (AS?) 2.8(!87) abo .Al Ge-n.tr(A37) 77 
Parent of As (!87) 

Ge78 D f ,Y(S152) 2.1 hr(8152) .v0.9(8152) abs.Al ]J-n, parent of 4o 78 

(8106,8152) 

gg Asn A ~· (H66) 52 min(H66) As-d-p5n (H66) 
So 71 ~· deoay, parent 

of Ge 71 ( 40 hr )(H66 ) 

./2 8 ~· ,Y 26 hr(V4) 2.78(1180) abs.Al, 2.4 (lll!O) ooincid.abs. Ge-..-n~J.I80) 
ooinoid. Ge-p-n V4) 

As-d-p4n (H66) 
So 74-d-"(1199) 
So 72 K deoay(H66) 

Ao73 8 K,e- (ElO) 90 days(826) 0.052 (E10) opect.oonv. Ge-d-n(S26,El0) 
Ge 70_"-P (?) (1188) 

As74 A ~-.~•,Y(826) 17.6 days(II88)J 1.3(~-), 0.9(~·)(826) 0.582(D15) speot. Ge-"-n (MB8) 
19.0 days(H66); cl.oh. (K.U.) Ao-n-2n (S26, Cll) 
16 days (826) 4s-d-p2n (H66) 

Ge-d-n (826,829, I4) 
8e-d-"(F8) 
Ge-p-n(D9) 
8i-d(G62) 

As75 100(1130) 

As76 A f-,Y; ~·. 26.8 hr(W9,Wl9) 1. 29 (15%)' 2.49(26%). 0.55, 1.20, 1.70(867) Ge-p-n(V4) 
K,Y(S23) 3.04(60%)(~-) (867) speot.J 0.557, 1.22, As-d-p(Cll, T3) 

speot.J 1.1, 1.7, 1.78(weak)(W70) As-n-Y ( CU) 
2. 7 (~-){S23,W9,Wl9) speoto) 1.94, 0.83 Se-n-p(826) 
ol.oh.; 0.7, 2.6 (M6) speot.; ooinoid. 8e-Y-p(H74) 
c~·) (823) ol.oh.; (J.135)J 2.15(weak), Se-d-"(F8) 
coinoid. (1135) 1.84(weak), 1.25 8r-n-"(Cll) 

!vso%), o.s?!v?o%) 
(lll20,M67) speot.; 
3.2, 2.2, 1.5(S23) 
ol.oh. pair 

As
77 

8 ~- (8106) 40 hr(8151) 0.8(8152) abs.Al u-n(8151), Ge 
77 ~-

dooay(Sl52) 
Th-o(llll6) 
8i-d~G62) 
Ge77 59 sao) 

~- deoay(M7) 

As78 A p- ,Y eo min(Cll )1 1.4(826) ol.oh. (K.U.) 0.27(826) abs.Pb 8r-n-"(89, CU,826) 
65 min(S9,S26) So-n-p(826) 

As78 D ~- 90 min(Sl06,8152) 1.4~0%), 4.1(-'10%) 
(8152) abs • .1.1 

U-n, Ge 78 p- deoay 
(8106,8152) 

34 se
71 

A p• (H66) 44 min(H66) As-d:;fn, parent of' 
As (H66) 

se
72 8 K(H66) 9.5 days (H66) As-d-5n (H66 )72 

Parent of Ao (H66) 

8e
73 B ~· (H66). 6.7 hr(H66); Ge-a-n(C79) 

7.1 hr(C79) Ge 70-a-n(C79) 
4o-d-4n (H66) 

Se74 0.87(Wl21) 

Se75 A K,Y,e - 127 days(C79}J o.o97, o.122, o.1s1, As-p-n(D9) 
125 days (Gl43) 1 o.266, o.4oo(Jl31) Ao-d-2n (K30,Sl07) 
ll5 days ~F46) 1 speot., speot. oonv. J Se-n-Y(F46,,Bl30) 
120 days HBB) 0.60(D9) speot. oonv.J 

several (0.3(K30) 
speot. oonv.J 0.336, 
O.l8(8ll7)J 0.22, 
0.43(C79) abo .Pb 

Se76 9.02(Wl21) 

Se77 7.5B(Wl21) 

Se77m A I.T.,Y 17.6 oeo(A37) NO.l5(.A37) So-n-Y (AS?) 
(Dl22,A37) Be 76_n-Y(Dl22) 

Se78 23.62 (Wl21) 

. So eo 49.82(Wl21) 

SeSlm 8 I.T., e-(L30 69 min {0126 lJ 0.099(H9) opeot. oonv. Se-d-p(S9,L30) 
57 min(S9,L30) Se-n-Y(S9,Hl0) 

se80-n-Y(Ll31) 
8e-Y-n(B20) 
Br-n-p(89,LSO) 81 
u-n, parent of' Se 

(Gl26) 
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34 SeBl B . f 17 min(Gl25); 1.5(LSO,G125) abs.Al llo Y(012B) Se·d-,(89, LSO) 
19 min(LSO) Se·n-Y(S9,Hl0) 

Se•J•n(B20) 
s.B m I.f. (LSO) 
Br-n-p(friO) 
u-,, So " I.T. 

Gl25,Gl01) 
.. 

Se82 9.19 (1rl21) 

s.~ A p" ,Y(AS7) 67 aeo(A37) 8.4(.&37) abe.A1 Se-n-T (.&37) 
u-n(S177) 

80
es A p" ,T(0120, 25 m1n(Yl21,G125); 1.5(lll21,G125) abs.A1 o.l7, o.s1, 1.1 Se-d-p (LSO) 

G125) 30 min(LSO) (Bll2,G125) abo.Pb Se-n-T(LSO) 83 
U-n. parent of Br 

(G101) 
Th-n(G101) 

Se84 A p" ~2.6 m1n(G125)J U-n, parent of Br84 

<10 min(Elll) (E111) 

35 Br74 B p• (1173) 106 min{W7S) 1.5(W'I3) Ho T(W73) 8e 74 -d-2n(1173) 
So 74.p-n(lr73) 

a/7 B 48 hr(W73) Se~!-o-p(1173) 
f 

So ·d·n (1173) 

Br7a A ~+- ,e- ,Y 6.4 m1n(S9) 2.S(p+)(89) abo. 0.046, 0.10a (V7) Ao-o-n(S9) 
speot. oonv. Se-d-n(89) 

Se-p-n (813, V7l 
Br-Y•n(B20,CS 
Br-n-2n(Hl0) 

a/9 so.s(W122) 

Brf!!Jo A I.T.,e-. Y 4.4 hr(B13) 0.049, 0.037 or 0.025 Se-«-p (1173) 
(Sl'O, Vl5, (V7) opeot.oonv.J 8e-P-n (813, V7) 
V7 ,G22) 0.037(022) abe.Al Br-n-Y(S9,Sl0,42), 

"'so%)(GU7) 
Br-d-p(S9) 
Br-Y-n(B20) . Br-n-2n (P2) 
fh·n(?) (Pl2,P16) 

Breo A f,YJ p+ 18 min(S9,S10) 2.o(f)(A2) apeot.J (0.5(813,89) abo. Se-p-n(B1S) 
(S%)(881) o.73(p+)(BB1) epeot., Br-n-T(S9), r-"lo%)(Gl37) 

aba. Br-d-p(S9) 
Br-T-n(B20) 
Br-&;; 2n (P2) 
Bra I,f,(S10,S31,D20) 

Br81 49.5(Wl22) 

Bra2 A ~- ,y S4 hr(89) Q.465(R6,D21) apeot.J 0.547, 0.787, 1.S5 Se-p-11 (813, R7) 
(D23) ooino id. (R6,D15) epeot.J 8o-d-2n(S9) 

(D2S) ooineid. Br•n•T(!5,S9) 
Br-d-p(S9) 
Rb-n-u(S9,P2) 
lJ-n(FllS) 
Pb-u(Pl04) 
Tl-u(Tl09) 
Bi-u(P56) 
Bi-d(P56) 
u-u(Oll5) 

Bras A p - 2.4 hr(G101) l l.OS(LSO) abs.J llo T(89,G101) Se-d-n(S9) 
140 min(LSO) o.9(G125) abs.Al s.BS p- dooay(S9,LSO), 

parens of KrBS.. (LSO) 
U-n, Se S ~- decay, n rent of Kr83m 

LS0
1
!!9,835, GJ01) 

u2 -n 81a4) 
fb-n (Bl5, LSO,S10a, Gl01) 
fh-u(11116) 
l'll-n(Pl02) 
Bi·d(P56) 
Pb-u(P104) 
81-u(P56) 
l1-u(0116) 

Bra4 A p - so min(SS5), 5.3(E111) aba.AlJ Rb-n-u(B29) 
38 min(El04,Elll) 4.6(830) &bO•J l1-n(D6,H22,H57 •ft•SS5, 

poaoib1y weak 0.2 p- B29,E104), So Jl" 
or o-(E104) deoa:y(Blll) ~ 

fb-ll (Pl2 ,8101) 
Bi-4(P104) 

Bras A p - s.oo min(S205)J 2.5 (8206) abe •• U llo T(S206) u-... parent or Kr85 

3.0 m1n(S35,B29) (836,829,848) 

BrS7 B p-(B35)J 55.6 eeo (B131): Q, 3 (mean)(n)(B1S4) li-n, parent or Kr
87 

f,n(S80) 55.0 oeo(H51)J p reooil 1n o1.oh. (836,829,843,880,1151) 
56 oeo(S60) l'll-n(H51) 

Br88 B p- 16.0 eeo (R107) 0-D, ADOIItOr of 
Rb88(R107) 
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86 sr'* D . p" ,n(Ll25, 4.51 oeo(Bl31)1 o.? (mou) (n) (813<&) u-n(lll26) 
(868) ' 888) 4.6 oeo(Ll26 p reooil ;n ol.oh. 

u Kr78 O.SU{L?5) 

lr79,8J c p• (841), • M hr(841) "'o. 9 (act(), .... o. s(vcte) o.2(Bl09) abo.Pb Sa•A-n(046,C22) 
T(Bl09) (Bl09) abo .111 Br·d-2n(C84) 

0.4(C41) o1.ob. Br-p-n(841,C41) 
lrr-d•p(C45,S9,C22) 
Kr·n•T (8109) 

• [r79,8l c I,T.(tl,e-,TI 13 oeo(C41) Ool87(041) opoot.ooDT. Br-p-n(841,C41) 
no p (041) 

[r79,81 c I.T.(?l·•-,TI 
no p (041) 

55 ooo(C41) · 0.127(041) opoot.oonT. Sa·A-n(T)(D) 
Br•p-n (841, 041) 

~ 

I Krso 2.22S{L75) 

g,.82 11.50(L?5) 

~rea U,48(L75) ll-n('l43) •·•· 

lrS&n A I.T., e- (LSO 113 mln(LSO) Oe029, O.Q46\LU1} So•A-n(C46,C22~ 
lpeot. OODTe lr•d-p(C46,C22 

Kr-n-T{115?) 
ll:r-x·ro;o(1157) 
U·n, B 3 p· dooay (LSO) 

[r84 67.02 (L75) U-n(TU) •·•• 

[r85 A p·,T(8l09) 4.5 br(Bl09)t 1.0(8109) abo.All o.l?, 0.37(8109) abo.Pb lr-d•p(S9,C45, C22) 
4.0 br{C22 1 o.s&(BSO) abo. Kr-n-T(8109) 
<&.6 hr{SU llb-n-p(B29) 

8r·n-a<css) 
0-n, Br ~- de a&)" 

(B29,B4S 

[r85 B f (1111S;Bll4 9.<& yr(TllO)I o. 7<& (BlU) abo .All l!o T(8114) lr•n•T(8109) 
(T43)m.o. .vlO yr(8114,T<&S), ~o.S(11113) abo .11 U...n(Wl13,8114) 

>2.6 yr(WUS) 

[r88 17.U(L?6) ll-n(!43) •·•· 

[r87 B f 74 aln(S9) .... 4(830) abo•Al lr-4-p(S9) 
Hb·n-~B29) 
u-n;s 7 p· dooa:r 

(829,843) 

Ires A p· S hr(L27 ,828) 2.5(Wl9) o1.ob.(K.U,) Th•n(1129,U,L27) 88 U-n, parent of lib 
(1128,811,19;821,848} 

J[r89 A p - 2.8 aln(DU4), U-n, anoeator of sr89 

2.5 mln(H56) (G9,G2l,B41,8<&6,1K7) 
ll-d(Ol01) 
Pu-n(Al06) 

[r90 A f( ... as oeo(l0.24)1 u-:;e?!(~~tr ot ohort(Dl08) 
Pu-n(1106) 

xl1 a· p· 9.S oeo(Dl14)J U-n, anoeator ot ar91 

5. T oeo (0101) (Suo
1 

Dl14) ,anoootor 
ot. y9 (8110,D1011) 

U...d(Ol01) 
~-n(Al05) 

[r92 ·D f z.s ooo(DUfo)J ll-n(1!28,1H6,84~ 
(0.5 aln(B29) anoootor ot 2 (Dl02) 

Th-n(B29) 
Pu-n(Al05) 

.1rs3 
) 

U-D, anoe1tor ot t 93 D f 2.2 oeo(DlU)J 
2 .o ... (1104) (S1Tl) 

U-d(Ol01,Bl02) 
Pu-n(Al05) 

J[r9<& D p - 1.<& •••<A1.04) ~D, &DOIItor ot yH 
(868,1103) 

[r9T B f Sbort(A105) U-n, 9~oe1tor ot 
J[r (1106) 

Pu-a(A105) 

ST 111e1 
A p•,l,y,,.- a.o hr(BlOS) Br-.. 111 (IU08) 

(mos)m ••• (IUOS) ' 

Hb82 A p• ,y, .- e br(BJ.08 )J !!r-A-n (Bl08,Ba1) 
(11108).. ••• (1108) 8.6 br(H51) lr-d-2n (K&1) 

.. sz D 20 II1D (Hal) Br-~n(Ba1) 

as' B p•(881) ....0 dayo(881) llb-n-211(881) 
Sr-4-cz(881) 

~~o•e -,a,e(m) 
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Isotope Class Peroent Type of llalf lifo Energy of Radiation in l!ov Produco.d b;y 

z A Abundanoo Radiation Partioles Y rays 

37 Rb F . 42 min(H6l) ir-dln (H6l) 

Rb F 200 br, (H5l) ir-d-n (H61) 

Rb86 A p",Y(H62) 19.6 days (Hts >1 l.66(Hl3) abo., Rb-n-Y (89, 820) 
""17 days (H62 l.60(H62) opeot., Rb-Y·n (H62 ~ 

l.8o(Fll7) abo.A1 Sr-d•Cl(Rl8 
Bi-d(G62) 

- u-n (Fll4, Fll7) 

Rb87 A 27.2(1184) f(T3l,C6l), 6.8>:10
10 ~(S74)J O.l32(L6) opeot., 0.034, 0.063, 0.082, llot~ral oouroo (1'31, 

(H89, Y, e"(OSO) 5.8xlol yr(Es3) 0.26(!63), Ool02 0 0,129(030) 061) 
H84) 0.13(030) opeot., speot. oonv. 

O.l44(S64) spoot. 

Rb88 A p" 17.6 m1n(ln9) 4.6(021) abo.AlJ Rb-n-y (sa, P2, 820) 
6.l(ln9) o1.oh. Po-n(G7J· 

IJ-n, Kr 8 f dooay 
(B28, L27 ,Hll, G2l, 

1119 ,B46) 
Th-n(A6) 

Rb89 A p", Y(G21) 15 min(G9,G21) 3.8(G21) abs.' U-n, 1r89 p" deoay 
(G9,G2l, S4l,Ht6,B47)J 
perent of Sr8 (G2l) 

Rb90 A p" Short (Dl08) ·n-n, Kr90 p" dooay, 
parent of Sr90(Dl08) 

Rb9l p" Short(H42,Sll0) 91 -
A U-:~;atoe o~8;H· 

(SllO,DlOS) 

~90 D p - eo seo(H28) U-n(H28,H46,H47 ,H56) 

Rb93 D p" Short(Dl05, Dl04} U-n,Kr9S ~- deoa , 

/ I ancestor of y9~ 
(Dl05,Dl04) 

Rb94 D p" Short(H56) U-n, Kr
94 ~- do3ay, 

ancestor of Y 4 (B66) 

Rb97 B p - Short (Al05) U-:a., Kr 
97 p- deoa , 

ancestor of z.rSJ 
(Al05) 

38 Sr84 0.66(1136) 

Sr8fm A I.T., e-, Y 70 min(D25) 0.170(025) speot.ooDT. Rb-p-n(Dl3,D26) 

- (D25) 

Sr8s A K, Y(Dls) 65 days (Dl3) o.a(Dl3,D25) abs.Pb Rb-p-n(D13,D26) 
Rb-d-2n (1!20, 0102) 

Sr86 9.86(1136) 

Srf!ln A I.T., e -• y 2.7 hr(Dll) Q,37(Dll) spaot. oonv. Rb-p-n(Dll) 
· (Dll) 0.386(59) spootoOODYo Sr-n-n(Dl3, Rl5, 

D26,R20) 
8r-x- rays (115 6) 
Sr-a·-a· (1156) 
8r-d•p (Dll) 
Sr-n-Y(Dll, Rl6,Fl03) 
sr86.n-Y(869) 
~p-p(?)(D26) 

7 K deoa~(Dll,D25) 
Zr-n-a(S46 

Sr87 
6 

7.02(1136) ' 
8raa 82.66(1136) 

Sr89 A ~- 56 days (824) 1.60(824) ol.oh., llo Y(GlOB,S24,11112) Sr-d-p(Sll,S24) 
(Lll2,B96) l.4a(lllo2> ·r•t., Sr-n•Y(8ll, 824) 

m.ls. l.6(11102,R49 spoot. Y-n-p(Sl2) 
Zr•D•Cl(! ~ (846) 
u-n, Rba ~- dooay 

(G9,H28,02l,B46, 
Bn,ost) 

u-d~Ol03) 
u2S •n(G66,SlS4) 
Th•n(Bl01) 
1'b-Cl(llll6l 
Pu-n(Fl02 
Bi-Cl(Tl09) 
Bi·d(062) 
Pb-a(P104) 
pt.a(Tl09) 

Sr90 A ~- (11112) -vSO yr (0113) o. 65 (G102lab, .u, lio Y(Gl02,0l22) u-n, Rb90 ~- dooay, 
(HllO,B96) 0.6(G6l parent ot y90(Hn, 

m.l. ll!l2,DlOS ,Gl22; 061) 
u23 -n(~6) 
Tb-a(llll6) 
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Isotope Claaa Percent Type of Half life , Eller~ ot liadiation in lleY ProdllOod by 
z A Abundance Radiation l'l.rtio1oa Y roya 

38 Sr9l A . ~-,Y 9.7 hr(lll17l' 1.3(4o%), 3.2(6o%)(lll05, --..1.3(lll17) aba.Pb Zr-n-:1848) 
10 hr(H47 F111,lll12) aba.Al U-n, Rb 1 ~- decay, 

parent of y91 f.-60%) 
(F1ll) and y91m 
~4o%) (Fll1), (H56, 
H47 ,G13,848,lll05) 

Th-n(BlOl) 
!h-.. (lll16) 
Pu-n(81U,Fl02) 
Bi-.,(P56) 
pt-"(T109) 
Pb-G(P104) 

" 
Bi-d(P104) 

Sr92 D p - 2. 7 hr(G13) 0-n, parent ot Y92 
(G13,H47 ,H56, 
sno,nos) 

Th-n(B101) 
Tb-G(lill6) 
U-Y(L2) 

8r93 D f 7 min(L26) U-n,Bb93 ~- decay, 
parent of y93 (H56, 
L26,H28,H47) 

Sr94 - - 94 -D ~ ~2 min(H47) . U-b, Rb ~ 3t••Y, 
porent of Y 
(H66,H47) 

Sr97 B f Short(A105) 97 -
U-:~!:tor~ of d;~~,, 

(A105) 

39 y87m B I.T., e -• y 14 hr(824,Dl3) 0.6(026) abs. 8r-d-n{S24,DU,D25) 
(D25) Sr-p-n (D13, D25) 

y87 A- K(D13) 80 hr(D25) llo Y{?){D25) Rb-G-n(Rl8) 
Sr-p-n(D13,D25) 
8r-d-n(D13,S24,D25) 

y88 A ~· 2.0 hr(S24) 1.2(811) o1.oh.(K,U.) Sr-d-n ( 811, S24) 
Sr-p-n(D13,D25) 
Y-n-2n(Sll) 

y88 A 
KoY$D25,H33)1 105 daya_(D25,0109) o.83(~·)(P1ll) apect. 0.91, 1.83, 2.76(P1ll) Sr-p-n (D13, D25) (Hlll )m.a. 

~ (0.19%) opect., 0.908, 1.89 Sr-d-2n(Fl1,HS3, 
(P1ll) {D28) apeot.ooincid., 047 ,0102) 

0.95, 1.92(Rl2) Y-n-2n (H33 ,0110) 
c1.oh.l 1.87(832) 
Be-Y-n1 2 .a (1%) 
(047) ll-Y-n 

yB9 100(040) 

y90 A ~- (lll12) 62 hr(G122); 
(HUO)m.s. 60 hr(Sll) 

2.16(11102) apeot., 
2.6(811) ol.oh. (K. u.), 

lio Y(Gl03,Gl22) Y-d-p(8U) 
Y-n-Y(Sll,S12) 

2.5(0103) ab~.Al Zr-n-p (846) 
Zr-d-a(S46) 
Cb-n-.,(~2,813) 
U-n, 8r ~- decay 

(H47,Gl22,G51) 
Bi-d(G62) 
Bi-a(P56) 
Pt-a(Tl09) 
Tl-a(T109) 

y9lm A I.T., y, e - 51.0 min(F1ll)J 0.61(Flll) aba.Pb, aba. Zr-n-p{S48) 
M%Hn12) 50 min (Gl3) Al of .- U-n, Sr91 ~~ deoa7 

{H47,Gl3 

' \., 
ylll A ~- 57 days(H42,Gl3), l.53(Lll8) spoct., lio Y(B102) Zr-n-p{S48) 

{Lll2,H96) 61 days {G51) 1.6(830) aba. tJ-n, sr91 ~- deoa7 
m.s. (H47,G13 1 

fs1mi.T.(G13,Flll) 
u2 3-n(Gss) 
~d(0101) 
!h-n(Bl01) 
Pu-n(F102) 
Bi-d(G62) 

y92 D f, Y(H56) 3.5 hr(H56) s.s (nos,ml2) aba.Al, -l(lll05) abo.Pb z ... n-p{S46,S48) 
3.6(830) aba.Al 11-n, Sr92 ~- deoa:r 

(G13,H47 ,H66,1105) 
Th-n(Bl01) 

-y9S D f ,Y(B121) 10.0 hr(B121), 3.1 (Bl2l) -aba.Al 0.7(8121) aba.Pb U-n, 8r93 ~- deoa:y 
(8171) , 11.5 hr(H47) {H47,H56,B104) 

!h-n(B101) 

y94 D f,Y(H56) 20 min(H47) Zr-n-p(S48) 
11-n, sr94 f deoa:y 

(H47 ,H56, DUO) 

y97 B ~ - Short(AlOS) u..n,sr
97 ~- d•sv,• 

parent of Zr (4105) 

_, 
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--
Isotope Claeo Percent . !ype of Half life Energy of Badiation in lin Produced by 
z A Abundance Radiation Fartioleo Y rays 

40 Zr89 A e· ,Y,I.T. or 4.6 min(D25) Y-p-nlDl3, D25) . K(Dl3,D25) Zr-n-2n( ?)(&19) 

Zr89 A p• (Sl2,DlS) 80.1 hr~Ol04)1 1.07(0104) abo.AlJ llo y(D25) Y-d-2n(Ol04) 
78 hr D25) l.O(p")(Sl2) ol.oh. Y-p-n(Dl8,D25) 

(K.11.),(D25) abo. Zr-n-2n(812,S46) 
llo-n-Cl(S46) 

Zr90 61.51 (11121) 

Zr91 - . 
U.27{Wl21) 

Zr92 17.14(1n21) 

Zr98 F 2.6 miD(Iil06) Cb-n-p ( 1 )(nos) 

z.S4 17. 30(11121) 

Zr95 A f , Y, e - 65 dayo(B105,G61h 0.394 (96%), 1.0(2%) 0.73(93%), 0.23(93%). Zr-n-Y(S46) 
65.6 da;re(P17)J (!1109) •r,ot. 1 0.92(7%)(11109) speot. Zr-d-p(S46,Jl05) 
63 dayo (846) 0.42(95% • 1.0(6%) CODV•I llo-n-C1(S46) 95 

(8101) abo.A1 · 0.80(8101) abs.!'b u-n, parent of Cb 95 
(36 days) and Cb 
(90 hr )(?)(H55,Gl6, 
Bl 04,8112, Gl04, G61) 

1J23S-n(G65,S166) 
Pu-n(Fl02) 
11-C1(0115) 
Bi-d(G62) 
Th-C1(1il16) 

Zr96 2.78(11121) 

Zr97 f, y 
-

Zr-n-Y(S46) B 11.0 hr(GlB,n1s) 2.2(n13) abo.Al1 ..v0.8(n13) abs.Pb 
1(G18) abo. llo-n-Cl(S46) 

u ... n, Sr97 p""' decay 
(&~95), parent of 
Cb (G18,B39,C105) 

11-C1(0ll6) 
Th-Cl(llll6) 

Zr B 6 soo(A19) Zr-n-Y(?)(A19) 

Zr B f 18 min(546) Zr-n-Y(!)(S46,U9) 
-

Zr F p- 90 min(S12) -1.6(546) abo. Zr-d-? (S12,S46) 

Zr B f 70 hr(S46) 1.17(546) o1.oh.(K.11.) Zr-n-?(846) 

41 Cb B 4 min(D9) Zr-po'n,(? )(D9) 

Cb E 12 min(D9) Zr-p-n (? ){D9) 

Cb E 38 min(D9) ' Zr-p-n (? ){09) 

Cb90 B p• 18 hr(J121)1 
21 hr(D9) 

--'1(Jl21) abo •. U Zr-p-n(?)(D9) 
Zr-d-2n(Jl21) 
llo-d-C1(J121) 

Cb91 B K, e- ( ?~ 60 dayo(Jl21)1 "'0-15(946,1133) abo. of Zr-d-n(Jl21) 
(J121 • y "'55 dayo(546) .-1 0.94(1133) 

Cb92 .. f,y 10.1 dayo(K6B)I 1.38(842) ol.oh.(K.11,)J l.0(1133,K68) Zr-p-n(ns) 
11 daya(S42,Sl3) loSS {K68}1 Cb"n-2n(542,S1S) 

0.69(1133) Cb-d-t(K58,W62) 
llo-n-p (546) 

Cb92 p p- ,Y(W62) 21.6 hr(W62) 1.2(W62) aba .. U o.a(W62) abo.Pb Cb-d- ?(W62) 

Cb9S 100(863) 

Cb93m B I.T. (WS6) 42 daye (W56) Cb-x-rayo(W56) 

Cb94m A I.t!,e-f:~~ 6.6 min(S42) 1,3(Gl38) ooinoido 0.068(Gl38) abo. or o- 1 Cb-n-T(S42,S13,P2) 
p f-.-0.01%) aba • .U l.O(Cl3S) aba.Pb Cb-d-p(K67 ,W62) 
(G50,Gl38) 

Cb96m .. I.T., e - 90 hr(LllS) 1 0.24(LUS,Lll4) apeot. 11-n, zr96 p- deoayrw2%} 
(-loo,C) SO hr(BlOl)' oonY. (llOl,ClOS,SU2), 
(LllS ,Lll4) rsrent of Cb 

8162,L114) 

Cb96 A p- (LlOS,Fl04, 36 daya(ElOl)l O.l6(G104,Bl01) abo.U1 0.76(Wl12,R49) apaot.1 Zr
96 f deoay(Jl21) 

El06),Y 37 dayo (J121) 0.154(!1109) opoot. o. 79(Jl01) opoot.1 llo-d-C1(Jl212 
o.T16(11l09) apeot. 11-n, zr96 p deoa~ 

' OODY• r-s6%)(G104,G61 

Cb96 B 3 daya(J12l)l Zr-p-n(?)(D9) 
4'da;re (D9) Zr'-4-2n(J121) 

lb-4-C1(Jl21) 

Cb97 B f,y 76 min(GlS) 1.4(1113) aba.u o.7e(na) abo.Pb lb-n-p(S46) 
lb-Y-p(H74) 
11-ll, zr97 p- dooay 

(G18,S68,1139) 

u ..,sa 16.86(1n22) 
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hot ope Clase Peroent Typo ot Halt lifo lltlora ot Radiation in lin Produced b7 
z A 4b\lDdaDCO l!lldiotion Particles Y reyo 

42 llo93 8 . ~+ ,Y 6.70 hr(KS7)J 0.3, o, 7(KS7) 1. 6(KS7) Zr-... a(157) 
7 hr(D9) Cb-p-n(D9,KS7) 

Cb-d-2D(I57 ,1162) 
llo-d-p(ll62) 

llo93 
-

~· 2.66(846) ol.ch. (Jr,tJ,) Cb·d·2n(ll62) ~ 17 min(820,Sl2) 
lb-n-2n(Hl0, 912,846) 
lb·Y•D (820 l 
llo-d-p(ll62 

llo94 9.12(Wl22) 

llo95 15.7(W122) 

llo96 16.6(Wl22) 

.llo 97 9.45(ln22) 

llo98 23.75('11122) 

llo99 A f, T 67 hr(Sl4,1rll8)J 1.3(n05) abo.Al1 0.4(814) abo.Cu, Pb1 ir-... n(Dl2,l!S2) 
66.0 hr(8181) 1.5(814) abo.J 0.24 (2o:'). o. 75(8o:') lolo·d-p ( 814 ) 

o.z.. 1.03(1190) (11120) opec to~ 0. 77, llo-n-Y(Sl4,Sl2) 
ooinoid. abe. 0.815,0. 84 (S91) Jlo98.n·Y(IIl39) 

opeot., 0.71(1190) llo-n-2n(S46) . ooinoid. abs. u .. n, parent 
ot tc99m(82S,H41, 
f!05) 

u2 -n(Sl84) 
'fh-n (H24, 8101) 
Th-n(Nll6~ 
Pu-n(Fl02 
B1-n(P56) . Bi-d(G62) · 
Tl-c.(Tl09) 
l't-a(Tl09) 

110
10C 9.63 (11122) 

lololOl A ~-. y 14.6 min(ll25) 1.0, 2.2(11S8)J 0.3, 0.9(1138) lb-n-Y(S40,S22j 846,1125) 
1.8(840) cl.ch. (il:.u.) Jb 100-n-Y (11139 

U-n" parent of tolOl . 
{H4l,B28) .. 

110102 
D ~- 12 min(H41) U-n, parent of To102 

(H41) 

Mol05 ~- Short(831) 
105' 

B U-n, flnoestor ot Ru 
_(831) 

43 To'illJI3 c ~·. y 4,5 min(lol95) 4.3(1195) aba. 1,8(1195) abo. llo 
92 -~-n or 
11:>9 -d-2D(1195) 

To94o D I,'f,,e- (H67) 63 min(G54) 0.0334 (H67) opeot. llo-p-n (G56) 
OOD"'• 

:ro94 D ~+, K(66"), (53 min(H67) 2.67(~+) (G64) apect.J 0.380, 0.873, 1.48, lb-p-n(G65) 
y(G54) 2.5(~ )(1196) aba .. u 1.85, 2. 74(H67) apect lb~-d-2n(lol96) 

,.ss B K, Y(!!34)1 52 days(E34)1 0.4 (~+ )(H20l) ol.oh, 0.25, 0.64(!34) abo.PbJ 11:>-d-n (Cl2, C24 ,11152) 
.-. -~·~1" 62 dl!3's(Cl2) o.2o1, o.57, o.e1, llo·tn (B54) 
(H201) l.Ol(H20l) apeot., 11:>9 -d-2D(1157) 

speot. oonT., ooinoid 

Tc96 A K, Y, o. (B59 20.0 hr(E39) 0.78(!!;39) aba.Pb1 llo-r:n(B39) 
o.e (M96) abo.Pb 11:>9 -d-2D(II96) 

au95 ~· decay(!!39) 

,.ss D ~·. y(Ji95) 2.? hr(D4) 1.2(1195) abo. 2,4(1195) abo. Cb-... n(KS) 
11>-p-n(D4) 
llo-d•n (814) 

,.ss B !(ES~),e-, Y 4,30 d&ya{!!34)J O.S4{e.)(EU) abao.UJ 0.05, 0.5(!!5), Cb-..,n(E32) 
(!!5) 4,33 daya(G66) DO e•(1157) 0.92(1!32) apect. 1 llo-p-nfl!3,832) 

0.8(1157) llo-d-n E32) 
Ru-n-p (8132) 
Jb96.d-2n(1157) 

1'o97• A I.!., e·(B54 90 days(Cl2,1157)J 0.097(H9) I)OtoOODToJ 11o 97 -d-2n (1157) 
93 days (1189) 1 0.108(1!34 abs. of e· ll>•d•n ( Cl2 ,C24) 
96 da;yo(ES4) ~~o-rnCEU,Gs5) 

Rug K dooa;y(lll30,1169) 

,
0
se 

8 f ,il:(?)ly 2. 7 do yo (Gl27)J' 1.3(1196) aba.All 0.9(1198) abs.PbJ llo 
98 

-d-2n(ll96) 

' / 
(Gl27 2.8 days(ll96) o. 76 (Gl27) abo • .&1 1.0(0127) abo.Pb Ru•n-p(Gl27) 

1'o(99 D I .... 2 d&)'a(sa) llo-d-n (814) 

,.ss. A I.t., .-, y 8.0 hr(8127)a O.lS6(SU) apeot.conToJ II> 
99 ~- daoa;r(Si4) 

{SH) 6.6 hr(Sl4)a "'0.18(814) abe.Cil,Pb Ru-n-p(BlS22 
6.1 hrfGl09)J 11-n, M:J99 ~ dooay 
6.9 hr 11121) (HU,GllO) 

Th-D(8101) 

To 99 
A f 9.4 " 10

6 
;rr(1116) 0,32 (1186) a.booAlJ lio Y(Sl54,1188) 'l'o99m 1,'1',(814) 

(I9) m.a. 4.7z1o6 ;yr(Plo7\ 1 ...0.4(LU6) abo • .&lJ U-n(Sl54,Lll6) 
-sx1o6 ;yr(8164) NO,S(Sl64) abe • .U 
yield 
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4S ~101 D f,Y(E3) 65 min(E6) 2.5(E6) abo, llo-p-a(E3, D\1,115} 
Ru·n-p(Bl32) . 

T510 0 p· 36.5 hr(D4) llo•p-n(ll4,Bl27) 
Hu-n-p(B132) . 

To(lO g p" 18 seo(D8) llo·p-n{D3,D9) , 
To10 B p". y 14.0 min(ll25) 1.3(1138); o. 30{1138) 11o

101 f decay(S40, 
1.1(840) cl.ch.(K.u.) S46) 

U-n, Ko101 p" decoy 
{S22,1141,1125) 

1\>101,10< c p", y 80 sec(1195) 2.3{1195) abe. 0.6{K95) abs. llo 
100 

•d·n or 
1folOO.d-2n (1195) 

TolOl 1l f (1 min(H4l) u-n, llo io2 f decay 
(1141) 

'f~l~ 0 K{?), y(Gl27) 60 days(G127) Ru-n-p (G127) 

To
101 

8 p" Short(B3l) U-n, l.b
105 -f deoay, 

petent of Ru105(BS1) 

44 Ru96 F 20 min(07) Ru·n-2n ( 1) (07, P2) 

Ru96 A i3+, K, y 
(839) 

1.65 hr{E39) 1.l(p+)(E39) abs.A1 0.95(1!39) obs.Pb llo-a.-n(E39) 
Mo92.a-n(E39) 
Ru-n-2n(E39) . Parent of Tc95 (1!39) 

Ru96 6.68(820) 

Ru97 A K, Y, e - 2.8 days(Sll3,S90); 0.23(Sll3,S90) obs.Pb Ko
94

-a-n(E39) 
(Sll3,S90) 3.0 days(lll30) Ru·d·p (Sll3,S90) 

Ru•n•T (Sll3,11l.30, S90) 
Parent of to97m 

.(Kl30,K69) 

liu98 2.22(820) 

Ru99 12.81 (820) 

RulOO I 12.70(E20) 

Rul01 16.98(E20) 

iul02 31.34(820) 

Ru103 A f, y 42 daya(Sll3,S90); 0.25(G51); 0.3, 0.8 0.56(G106,Sll3) abs.Pbl Ru-d-!l(Ll3 ,Sll3) 
41 days (887) 1 (weak)(SU3) abs.A1; 0.4(887) obs.Pb llu·n·T(Sll3) 
45 days(lll5); o. 76 (887) abs .Al U-n (N12,N15,G104, 
37 day a (G51) S113~, parent of 

Rh10 m(Sl50) 
u233-n (G65 ,8184) 
Th-n(8101) 
Pu-n(F102) 
Bi-d(G62) 
Pb-a(P104) 

Ru104 
/ 

18.27(820) 

Rul05 8 f, y 4.5 hr(8113 ); 1.4(8113) abs.Al; 0.76(8113) obs.Pb; Ru-n-T(D7 ,8113) 
4.4 hr(887); 1.5(831) abs.; 0.7(887) abs.Pb Ru-d-p (L13 ,8113) 
4 hr(D7,Ll3,N12) 1.3 (887) aba .Al u-n, Tol05 p· ~sg•y 

perent of Rh 
(B31,Nl2, D7, Ll3p 
S33,Sll3) 

'fh•n(S33, B101) 
Bi·C1(P56) 
Pb•C1(Pl04) 
'f1•a(T109) 
Pt-a(Tl09) 

Ru~06 f 1.0 yr(G105); Very soft(S1ss) No Y(Gl06) 
. 106 

A U-n, parent of Rb 
(1196}m.a. 290 days (G61) ( G106, Sll3, G107, 

G~08,Gl04) 
u23 -n(G66,Sl64) 
U·d(0107) 
'fh-n(B101) 
Th-a(NU6) 
Pu-n(Pl02) 
Bi·d(G62) 

Rul07 D f 4 min(83l) ,..4(831) abo.Al U-n, parent of Rh 
107 

(831) 

45 llhlOO 8 It, y(S113), 19.4 hr(L86)J o.a(e"), s.o(p+) l.2(L86) abli.Pb; Ru-d-~Sll3) 
.-.p+f-6~) zi hr(sns) (LSG) apeot. l·8(SUS) oba.Pb pal K doooy(L86) 
(L86) 

llhlOl 8 K, Y, e - 4.3 daya(L86); 0.56(!.86) abo.Pb, Ru-g·n(Sll3) 
(SlU) 6.9 days (sus) I peot • OODV ~ Pd1 1 K and p+ deoay 

(L86) 
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45 Rhl02 A . ~- ,p• ,Y(II23), 210 days (1123) 1 1.04cp·J, l.ucp•)(H?a·J 0.46(annih. ?){8113) Ru-d~(Bll3) , . 
lt(Sll3) 215 dayo(H77) ol.oh.J abo.Pb Rh-n-2n(1!23,H76) .. 1.3(8113) abo.All 

l.l(p-)(1123) abo. 

Rhl03 100(C60) 

RhlO!b A x.r., e-(F31, 67 m1n(Gl08,Gl07)J 0.034(e -)(H77) opeot. 0.040(!57) abo. argon Rh-n-n(l'31) 
8160,1167.) 62 miD (F37 lJ of e 1 Rh-e--e-(1!67) 

48 m1n(F31) 1 0.042(F37) abo. of e- Rh-x-rayo (?/57) 
45 m1D(1167 ,1168) Pdl03 X decay 

(B122 891) 
U-n, Ruf p· decay 

(Sl60,Gl07) 

Rh!Dim A I.T., y, e - 4.2 min(P6)1 0.069(09,H77) epect. Ru-p-n~D9l 
(P6,A38) 4,4 m1D(F31)1 . CODT•I Q,Q87(F37)J ·Rh·n-Y P6,Al.;P2), 

4.7 m1n(Cl34) 6.09(A38) abo.Al fvlO%) (Gl37) 
Pd·Y-p(H74) 

Rhl04 A f, y(S60), 44 oeo(P6,Al) 2,3(Cl3) ol.ohol 0.041, 0.18, 0.96 Ru•p•D (Ll3) 
e·(C134) 2.6(H77) opect.1 (Cl34) abs., abo. Rh-n-Y(P6,,U), MD%) 

2.3(360) abs.Al of e- fG137) . 
Rh 04m l,T, (P6) 

lihl05 A f, Y, e - 36.6 br(S113); Q, 66 (8113) abs .All 0.33 (wealc)(8113) abs .Pb Ru-d•n (8113) 
37 hr(B87}; 0.78(B87) aba.Alt Rul05 ~- decay(S113) 
34 hr(ll12,1113) 0.5(1113) abo. Rh-t-p(K64) 

u-n, Ru106 ~- doca) 
(1112,D7 ,Ll3,Sli.3 

Th-n(BlOl) 

Rhl06 A p-, y 30 sec(G108,G107) 3.55(82%), 2.30(18%) 1.25(1%). 0.73(17%), u-n, Ru
106 ~- decay 

(P57) opect.,coincid. 0.61 (17%)(P57) opect. (Gl07 ,Gl08,G51) 
abs.; 4.5(8133) abs.Al.J Pn-n(Fl02) 
4 (Gl08) abs.AJ. 

Rh I! p·. y ,9 br(B128) ,.,1,3(B128) abo • .ll 0.8(B128) abs.Pb U-n(B128) 

lihl07 - . 
U-n. Ru

101 
D p 24 mln(B31) 1.2(B31) abo.Al p- decay 

\B31) 

46 · PdlOO · B K, Y(L66) 4 .o days (L66) 0.090, 1.8(L66) Rh-d-5n (L66) 
abs.Al.Ag 1 Pb Sb-d-6z23u (t.ae) 

Parent of Rb100(L86) 

PdlOl B K~9Q%),- p• 9 hr(L86) 2. 3(p• )(L86) speot. llo Y(L86) Rh-d-4n (L86) 
( ... 10~)(L86) Sb-d-6s22a (L86~ 

Parent of RhlO (J:,86) 

Pdl02 0.8(863) 

PdlO A K(Bl29) 17 days(B129,Mlll)· .. Rh-d-2n (1181) 
Rh-p-n(Mlll) . 
Pdi::i6tmP(~~~~) of 

Pdl04 9.3(863) 

Pd105 22.6(863) 

PdlOE 27.2(863) 

Pd108 26.8(863) 

Pdl09 A f 13 hr(K6) l.03(K6) cl.oh·l No y(Sl56) Pd•Y•n(P55) 
(R46)m.s. 1.0~8155 ,H95) aba.All Pd·d-p(K6) 

1.1 8156) abs.Al Pd-n-Y(Al,K6) 
Ag-n-p(F5) 
A~d-2p~H95) 
A~·t-He (1!60) l09m 
U-n, parent of Ag 

~S155) 
u2 3." (S184) 

PdllO 13.5(863) 

Pdlll A p - 26 m1n(833) 3.5(B31) abo. Pd•d•p(lt6,Al) 
Pd-n•Y(KB,Al) lll 
u-n, parent ot .lg 

. (833,1114) 
Th-n(S33) 

l\1112 A p· (833,1114) 21 hr(8155) 0.2 (S156) aba.Al llo Y(Sl5B) u-n, parent of .lg 
112 

(S3S,II14,Sl55) ' 
'rh-n(S33) . 
Th-u(ll116) 
Bi-d(G62) 

47 Agl02 I 73 m1n(E6) Pd•p-n(l6) 

... ~104 B 16.3 min(E6) Pd·p-ll(EB) 
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47 A~lO B . K,Y 45 deyo (1!8) 0.282, 0.345, 0.430, Pd-~(B5) 
o. 860, >l.O(Dl9) 
speot.; 0.29, Q,42, 
0.50, 0.52(16) opeot. 

AglO A p• 24.6 min(P6,02) 2.04(F5) abo. No. Y(F6) Rh-a..n(P6,K3) 
Pd-d-n(P6l 
Pd-p-Y(D2 
Pd-p-n(02,B6) 
4g-n-2n(P6) 
Ag-d-t(K68) 
Ag·Y-n(B20~ 
Ag-e"-e"n S59) 
4g-d-p2n(Xl5,K31) 
Cd-n-p(P6) 

Ala; A X, e", Y(H50 8.2 deyo(P6,K6) 1.Z(e")(F5) abo. 1.06, o.69(B6) opeot.; Rh-<>-n(P6) 
P6,1'5,A4) r.63. 1.06, o.72(?) Pd-d•n(P6,K6) 

(019) opeot. Pd-p-n(02,K6) 
A~-n-2n(P6,K6) 
A~-d-p2n (?)(K23) 
Cd-n-p(P6) 
Sn-d-?(Ll23) 

Ai07 51.36(11121) 

~ID'Im A I.T •• e - 44.3(838,877); 0.093(V7,Al2,H9) apeot. Ag-n-n (F31) 
40 oeo(A12,H34) oonv. J 0.094 A~-x-rayo (FS )W32,T35) 

(837,877) opeot.oonv. Ag-e"-e"(W32 
Cdl07 K deaay(Al2, 

R34,837,H95) 

Al
08 

A p - 2.3 min(A1,820); 2.8(114) al.oh. Pd·p-n(02,B6) 
2.4 min(FH) Ag-n-Y(Al,F31) 

Ag•Y-n(B20,P55) 
·~r-·-.. (s59 > 
.t.g1 7-n-T(FSS) 

' 
Ag-d-p(IQ2 ,Kl5) 
Cd·n-p(P6) 

Afe». - 40.4 oea (W32) 1 0.087(R34) opeat.eonv.; 
~109 -.. I.T .. , e Pd p doaay(S33) 

40 seo(H34); 0.088(837) speat. Ag-n-n(F3l) 
39.2 oeo(843) oonv. Ag·x-rays(F9)YI32, T35) 

Ag-e--e- (Y132 
Cd109 K doaay(H34, 

837,896) 

A,1o 48.66(Yil21) 

Aguo .. ~- ,y(P6) 24.2 aeo(H97}; 2.6(H97) abo.; Ag·n-y(Al,F31) 
22 oea (Al,P6); 2.8(G4) al.ab.(K.U,) Agl09.n-Y(F33) 
28 ooa(F31) Cd-n-p(P6) 

, Cd·Y-p(H97 ,H74) 

Agl!D A K, Y, e" (115, 226 dayo (Ll4,'!UO) 1.3(Kl6) abo.Al; 1.40(9%). 0.90(4'7%). A~n-Y(RlO, Ll4,A8,1112) 
(G49) reo. H59); 0.38(8115) abs.Al; 0.66(44%)(R49) apeat. 4gl09_n-Y(Gl34) 

n.aot. ~-(11:16,063) 0.59 (Wll2) apeat. CODV• t apect.; 0. 650, Ag-d•p(Kl2,11:15,H59) 
o. 925,1.51 (019 )opoot• 
0.6(Kl5) abs.Al 

Agm .. f 7,6 dayo(K6,P6,Sll6) w0.24(?), 1.0(9116) lio y(K6,P6,S116) Pd-d-n(K6,P6) 
abo. 1 ... o.8 (830) abe. Pd-e>-p(P6) 

Cd-n-p(P6) 
Cd·Y-p(H74) 
U-n, Pdl11 f doeay 

(16,933,Nl4,Sll6, 
G51) 

u233-n ( G65) 
U-a(Oll5) 
Th-a(Nll6) 
Pu-n(Fl02) 
8i-d(G62) 

Ag1~2 A ~- ,Y(9114) 3.2 hr(P8) 3.6(8165) abo.A1; 0.86(9156) lrba.A1 Cd-n-p(P6) 
2.2(P6) a1.ah. Cd-Y-p(H74) 

In-n-a(P6~ 
U-n, Pd11 p· deoa) 

(119,S33,1114 ,Sl56 
u233.n(S184) 
t1-u(0116) 

4g D f 6.3 !"'(!113) 2.2(!113) abo.A1 llo Y(t)(Tll3) U-n(Tll3) 

Ag I ~-. y 22 m1n(n1s) -3(!1U) abo.A1 u-n(Tll3) 

68 'cJD&PI D ~· 33 min(P2) Cd-n-2n (P2) 

Cd106 1.U&(LB8) 

C4107 A I(N100l(), + 6.7 hr(D4,R5) 0.32(p• )(838) apeat. 0.84(weat)(B38) apeot.; Ag-p-n (D4,R5, V7 ,Jill) 
Y(4%), p 0,53(V7) abs.Pb; A"i;d-2n(Kl2,Al2, 
(o.s%)(R38) 0,7(H9) abo. 34,Kl5) 

At-g-psn(H95) 
Cd 1 6-n-Y (H96, G134) 
Sb-d-18&4& Or' 

Sb-d-18&4& (Ll23) 
Sn-d-t(Ll2S) 
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48 c~lOE 0.875(~8) 

CdlOE A K 330 doys(B43) Ag-d-2n (H34, Kl5) 
.lg-a-pn(H95) 
Cdl08-:t-T(H95,Gl34) 
Sn-d-? (Ll23) 
Sb-d-14a4z or 

Sb-d-16o.41(L123) 

~11( l2.39(L88) 

Cdllls - /' 
A ~.T., e 48.7 min (W30 ,W32) o.H8, o.247(H144) Pd- a-n (H206) 

speot. conv.1 l.g-a-pn (H206) 
0.195(W30,W32) Cd-n-n or Cd-n-T(D8) 
abe. of .,-; Cd-x-rO.yo (F9,W30, 
o.l45, o.2so(H20B) ll32, T35) 
speot.conv., a peat. Cd-o--o- {lr30,W32) 

Cdll0-n-Y(Gl44) 
U-n (119 ,1114) 

~ 

Cdll 12.75(1,.88) 

ccr12 24.07(L88) 

-c;1s 12.26(L88) 

c? A I.T. 2.3 min(H206) Cd113 -n-n(H206) 

c.{-14 28.86~L88) 

Cdll A f ,Y 2.33 doyo(L57,1!123); 0. 6, 1.13(L67) spoot. 1 0.65(K14) spoot.; 0.66 Cd-d-p(C14) 
2.5 days (G5) 0.55, 1.25(1!12~ abo. (L57) o1.ob. roooil Cd-n-Y( G5 ,1110) 

A1; 1.ll(Cl4) apoot. Cd-n-2n(G5) 
In-n-p(Sll7) 

. Bb-d-2n2n(L123) llSm 
u-n, parent of ~n 

~119,1114,1!104) 
u23 -n(S184) 
Th-a(lllll6) 

Cdll6 A f,<r. 43 doyo (851)' 1. 85 (1!123) ~bs ,J.1; 0.5(851) ;b •• Ph Cd-d-p(C14) 
40 days (Cl4) 1.6(851) aba.Al. Cd-n-Y(S61) 

In-n-p (851) 
Sn-n-a( f )(Bll~) 
u-~11123) 
u2 -n(S184) 
Pn-n(F102) 
Bi-d(G62) 
Th-a(lill6) 

Cdll6 7.58 (L88) 

Cdll7 A ~ - 170 min(L67); 1.3-1.7(1.67) spoot. Cd-d-p( Cl4) 
2.12 hr(lll26) Cd-n-Y(II10,G5) 117 -

U-n, parent of In 
. (119,1114,11104) 

49 .Inl09 D ~~- ~+ (T37) 6.5 hr(T37) 2(~+.)(T37) Ag-a-2n (T39) 

lnllO B ~· 65 min(B17) l.S(B17) apoot. .lg-a-n(K9,T39) 
Cd-p-n(B17) 
C.r-d··2n(L67) 

In. D ~· (L87) 72 min(L87) 2.2(L86) aba•Be Bnl4.6 hr) K doco.y 
L87) 

Inll1 D K, Y, e-(L67) 2.7 doyo(B17,C14) 0.17, 0.25(Bl7,Cl4) l.g-a-2n (T39 ,L57) 
apeot. conT. Cd-p-n(B17) 

Cd-d-n (L57) 
In-n-3n (Cl4) 

Inua. B I.!., Y, e - 20 min(B17); 0.16(Bl7) speot.oonv.; .lg-a-n(Y39). 
(834,T39) 23 min(T37); 0.12(844) abo. of.- Cd-d-n (L57) 

16.6 min(SS4) Cd-p-n (B17) 
In-n-2n(S34,T39) 
ltront of In112 

(T39,S34) 

In
112 B ~· .~- (?) 9 min(T39); 1.6(~+)J834) abo.; Ag-~n (S~4, T39) 

(S34,T39) 17.6 m1n(flll4) 1.7(~ )(L67) o1.oh.J In-i-2n 34,T39) 
0.47(~-f )(834) abo. Inl 2m i.'l':. (S34,T39, 

G64) 

Inll311t A I.T., y, e - 105 m1n(B17) 0.39 (817 ,L67) a peat. Cd-p-n(B17) 
(B17) oonv. . Cd-d-n (L67) 

In-x-rayo (Dlll) 
Snll3 I deoar(B17 ,822) 

Inns 4.23(Wl21) 

In 114m A l.T., e - 48 do yo (817) 0.19(Bl7 .. L57) opeot. Cd-p-ll(Bl7) 
(L67,L48) oonv.J 0.186(Ll32) Cd-11-li(L57) 

opoat. oonv. In-n-Y (1:.15 ,1112) 
In-d-p (L67) 

' In-n-2n(L67) 
Bn~d~u(f)(L12S) 

" 
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-
49 Inll4 A ~ - 72 oec(L15,B17) 1.9B(I.'l2) c1.oh.l Cd-1.4"'(817) . 

1.9B(Ll32) spoct. In1 4m I.T. (JAB, 
L57,GS4) 

In-n-2n (L16, P2) 
' In-Y-n(Bll,C6) 

Inll3..n-Y(G144) 

Inllfin A _I.T .. , e- • y 4.50 hr(D56)1 .• 0.34(L57) opect.conv.l Cd-d-n (L57) 
(L57) 4,53 br(I.'l2)J o. 3(11122) abo.A1 In-n-n(G5) 

4.1.hr(G5,Bl8) of e- In-p-p(B1B) 
In-cra(L16) 
In-x-rays (P7\C10) 

fr~~:·c;~if~3~2.6 clayo) 
~- decay(G6,Nl4, 
11104) 

Inll5 95.77 (11121) 

Inll6 A f 13 ooc(A1,Cl4) 2.8(C14) c1.ch. No Y(llll) Cd-p-n(D9) 
In-n-Y(A1,L15), 

(25%)(G137) 
In-d-p(L15) 

In
116 

A ' ~-. y 64.31 min(R103) 1 o.es(cl4,C44) spect., 2.32, 1.:31, 1.12, Cd-p-n(Bl7) 
54 min(A1,L16) o1.ch. 0.42B(D19) spoct.l In-n-Y (A1,1111 ) , 

1.8, 1.4, 1.0, 0.6, (75%) (G137) 
0.4, 0.2(C44) ol.ch. In-d-p(L15) 
reoo111·2.0BMO%), Sn-Y-p(H74) 

-1.8f-'4o%)(J120) 
Be-1'-n reaction 

Inll7 A ~ 
- 117 min(L32); 1.73(C14) spoot.l No Y(L57) Cd-d-n~Cl4, L57) 

1.,90 hr(ll126) 1.95(11126) abs.Al Sn-Y-p H74) 
U-n, Cdll7 ~- decay 

(GS,Nl4,Ml04) 

60 Sn D K(L87) ~.5 hr (L87) Sb-d-?, parent of 
In(70 m1n)(L87) 

Snll2 0.90(Wl21) 

snlls A K, .-, y 105 days (C7l,B17) 1 0.085(817) opoot.oonv.l Cd-a-n(Ll7) 
-10 days (L17) no Y(C71) In-p-n(Bl7) 

In-d-2n(C71) 
Sn-d-p(L17) 
Sn-n-Y(S103) 
Sb-d-10o2z or 

Sb-d-12~2• (Ll23) 
Parent of Inll~ 

(B17;S22) 

sn1a o. 61 (11121) 

Snll6 0.35(Yil21) 

Snll6 14.07(Wl21) 

Snll7 7 .64(11121) 

Snll8 23.98(11121) 

~119 E ~- 26 min (L17) Sn-n-Y(G121) 
Cd-a-n(L17) 

sJ119 E ~ - 3 hr(Ll7) Cd-a-n (L17) 

Sn119m D l.T., Y, e - 13 d~yo(L17), 0.13(e-)(L87) opeot. 0.17(LS7) abo.Pb Cd-a-n(Ll7) 
(L57) 14 days (LS7) Sb-d-a(L87) 

Snll9 8. 62 (11121) 

Sn120 33.03(11121) 

Sn121 A ~ 
- 28 hr(L86)1 , 0,4 (L86) abo .Al llo Y(L86) Sn-d-p(Ll7) 

26 hr(L17) - Bn-n-Y(L17) 
an120-d-p(tss) 
Th•a(Nl16) 

Sn 121,123 c ' f 130 daye(Ll19)1 1.6-1.6(Lll9) abo.A11 No Y(Lll9) ll-n~L119,G61) 
136 clayo(G61 1.:i(G61) !J23 -n(G66) 

Th-a(l1116) 

Sn122 4. 78(Wl21) 

&{120 D f -so hr(Hss)J U-n(H66,1116, 8120) 
60 br(1116) u-a(Oll6) 

Sn128 D f, y(S120) io days(L17,S164)1 2.6(8164) abo.A11 Sn·d-p(Ll7) 
11 dayo (H56, 8120) 1 2.6(C71) abo .A1 Sn-n-Y(Ll7) 
9 dayo (C7l) U-njH55,Sl20) 

!J23 -n(S184) 

Sn124 8.ll(W121) 

Sn126 B f, y 10 11in(S173); 
9 min(Ll7) 

-2.2(8173) abo.Al ..V0.74(S173) abo.Pb Sn-d-p(Ll7) 
Sn-n-Y(Ll7 ,81.73) 
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50 ~126 D f 40 min(U7) 9n-d-,p(L17) 
Sn-n-Y (L17) 
Sn-n-2n (P2) 

~126 D p- 47 hr (G121) o. B (G121) abo.A1 •Sn-n-Y(G121) 

sJ126 D f 
I 

"".00 doyo(L17) Sn-d-p(U7) 
Sn-n-Y(?}(Sll6) 

sl120 E f 17.6 doyo(G61) 1.7(G51) U-n~G51) 
u23 -n(Gss} 

8~120 E p - 7.0 doys(G61) 1.B(G51) U-n(G51) 

Sn126 D p-' T 70 •1n(lil5,H55 ,Sl20 h 0.1 o'r 2,B(S164) abo. 1.2(81M) abo.Pb U-n, parent of Sb126 

SO min(S164) A1 (li15,H56,Sl20) 

~126 D f -20 min (H56) U-n(H56) 

51 Sbll7 D X, o- (C71) 2.8 hr(C7l) 0.46(o-) (C71) abo.J.l Sn-d-n(C7l} 
Sn-p-n(C71) 

Sbll8 D .K, y, e - 5.1 hr(C71} o.ao(o-)(C71) abo.U 1.6(C71) abs.Pb In-c.-n(C71) 
(C71) Sn-d-n ( C7l) 

Sbll8 B p• 3. 3 min (L12Sl 1 rn-c.-n(L16,R16) 
s. 6 min (R16) Sn-r-n(DsJ 

Tol 8 X dooay(LB6) 

Sbll9 B K '9 hr(C7l,LB5) No Y, no .- (C71) Sn-d-n(C7l) 
Sn-p-n (C7l) 
Sb-d-p3n (L86) 
Toll9 K docay(LBS) 

Sb120 A p• 17 min(B10,L18) 1,6~(A10) a1.oh. Sn-d-n(L18) 
sn-ran(D9) 
sn1 0-d-2n(LB5) 
Sb-n-2n (P2,Bl0) 
9b-T-n (B20,P65,N98) 
Sb-d-t (11:14) 
Sb-p-pn (R46) 

Sb120 B K, Y, e - 6.0 doyo(LB5) 1.1(LB5) aba.Pb Sn
120

-d-2n(LB5) 
(L85) Sb-d-p2n(LB5) 

Sb121 57.26(11121) 
' 

Sb122o B I.T. • e - 3.6 min (D59) Q.14(D59) abo. of e - Sb-n-Y (D64) 
(D59) 

Sb122 A p-, Y, e - 2.8 doyl (L28) 1.3e, 1.94(11120,1167) 0.67(R49,1167) opoot. Sn-d-tn (L18) 
(11120) opoat., Q.8~," l•M oonv., 0.96(1136) Sn-p-n(D9} 

(A10, llll5) ~~,qh., ooinoid. abe. J Sb-d-p(L18) 
abo., 1.U, l~~T(1184) 0.80(1134) opeot. Sb-n-T(J.l,LlS) 
ooinoid. abe"', I. be .Al Bi-d(G62) 

Sb123 ~2.75(11121) 

Sb124 A f, y 60 dayo (L18) 2.37, 1.8211 .• 110. 0.66, 2.04(woak), 1.708, Sb-d-p(L18) 
0.48 ~~67 opoot. 1 0.732, 0.664, 0.608, Sb-n-Y (L18) 
~C7~ opeat; 1 0.121(C76) opeot., I-n-.,(Ll6) 
1191) aainoU, abo •I apeot. conv.; 

0.74, 2.46(B36,1149) (K67) opeot., 
epeot.J 2.26;t Od>S l. 72 (11112, R49 }a poet. 
(11120,116?) opeot., 1.82(1135) coincid •. 
1.56(~6) &bloJ abo., 1.67(1164), 
o. 664 J9) spoot., 1. 71 (H138) Bo-Y-n 
0.67, ~.46(11'68) reaotionr 
oainold. •:1>•• 1.70(656) al.oh.peir , sJ24m B I.T. ( ?}, p-, 21 min(D59) 0.02(I.T.)(D59) Sb-n-Y (D59) 

Y(D59) aba. of .- Sb123-n-Y (D59} 

SJJ241a B f, T 1.3 min(D59) s.a(D59) abo.u Sb-n-Y (D59) 
Sb12S..n-T(D59) 

9b126 B p-. y 2.7 yr(L120h 0.3, 0.7(8166) abo.Al; o.66(L120i abo.Pb, Sn-n-Y, f dooey 
oovoro1 ;yr. (G51) o.5e(G6q o.e(9166) abo.Pb (8166) 

Sn-d-n (L18) 
U-n!S121,L120) 
u2S -n(G66) 
Th-a(llll6) 

~26 D p - 3 hr(L18) Sn-d-n(U8) . 
Sb<l26 D -v45 doyo(L18) 8n-d-n(Ll8) 

sl12s B ·p- 28 dayo(G51) 1.11i(G51) U-n(G61) 

Sb
128 

D f 60 min(lll5) 2.e or 0.7(9164) abo.Al U-n, Sn
126 f doaay 

(B15) 

Sbl27 A ~-. y 98 hr(S121)J 1.2(8121) abo.Ah 0.72(9122) abo.Pb u-n, perent of fe
127 

90 hr(G61) o.8(G51) !.l6,S121,G61) 
02 3-n (Sl8~) 

Sb129 A ~- 4.2 hr(A6) u-n, porent of To
129 

(AS) 
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51 Sbl32 B . ' ~- 5 min(A6) U-n, p!trent of To
132 

(A6) 

Sbl33 B f (10 min(A6,W21) U-n, parent of Te
133 

I (A6,S2l,W21) 

' 
Th-n(S21,1121) 

Sbl34 - ... 
.<10 min(AS) 

134 
B ~ U-n, )rent of Te 

(A6 

52 Tens B K(LB5) 6.0 d~ys(LB5) No Y(?)(LB5) Sb-d-5n, parent of 
sbllB(3.3 min)(LB5) 

. 119 
8 K, Y, e - 4.5 deys(LB5) 0.2, 0.5(e- )(LB5) 1.4(LB5) abo.Pb Sb-d-4n,. parent of To 

'(LB5) speot. Sbll9(LB5) 
Bi-d(G62)· 

Tel20 0.09l(Wl21) 

To 121m A I.T.(E40)\ e - 143 days (E40); o. 05 (84 7. 8S5) speot. · Sn-a-n(Sl5) 
(815,08 • 12S deys (SIS)' conv., abs .Ag; 0.23, Sb-d-2n (815) 
Y(Y6,E40) 0. 61 (H49) spect. Sb-p-n (815) 

conv., (Y6) abs.J 
0.22(E40) abs.Pb 

Tel2lm A I. T., Y(85S) 5x10-8 sec (8SS) 0.23(8SS) ooinoid. abs. To
121

m(l43 dayoJ l.T., 
parent of Tel 1 (855) 

Tel21 A K, Y(E40) 17 days ( E40) o. 6l(E40) abs.Pb Sb-d-2n(E40) 
Sb-~-n ( E40) 
Tel lm(l43 deys, 

Sxlo-8 sec) I.T. 
(E40,B55) 

Tel22 2.49(Wl21) 

Tol22,12 
\ 

E I.T., e-(?) 30 days{Kl7) 0.0820, 0.0883, 0.136, Sb-d-n(?)(Kl7) 
0.1573, 0.2108, 
0.615(Kl7) spect. 
oonv. 

Tel23 o.89 cw121 r 
10

124 
4.63(l'il21) 

Tel25 7.0l(Wl21) 

Tel26 18.72(Wl21) 

Tel 27m A l.T., e-(615) 90 deys (SIS) 0.086(H9) speot. conv. Te-n-Y(Sl5) 
Te-d-p(Sl5) 
I-n-p(SIS) 127 
U-n, parent of Te 

gl04,GS1) 
u2 -n(G65,SI84) 

Tel27 A f 9.3 hr(SlS,Cl06) 0.76(CI06) abs.Al No· Y(Cl06) Te-n-Y(SlS) 
Te-d-p(Sl5,T4) 
To-n-2n (T4) 
I-n-p(SlSf 
U-n, Tel2 m I.T. 

(SIS,NI04) 
U-n, 8bl27 ~- deoay 

(A6,Cl06) 

Tel28 31.72(Wl21) 

Tel 29m A I.T., o-{515) 32 days(Sl6,Nl03) O.l02(H9) speot. conv.; To-n-Y(Sl5) 
_no hard Y (Nl03) To-d-p{Sl5,T4) 

To-n-2n (T4) 
129 U-n, parent of Te 

AH55,Nl03,G51) 
u2 3-n(G65) ' 

Te
129 

A f, y 72 min(Sl5,A6) 1.8(Wll2,R49) speot. 0.3, 0.8{Gl39) abs.Pb Te-n-Y(SIS) 
Te-d-p(Sl5, T4) 
Te-Y -n {820) 
To-n-2nfHIO, T4) 
U-n, To 29m I.T. 

{Sl5,Nl04, GSl) 
U-n, Sbl29 ~- dooay{A6) 
Th-n(BlOl) 

Tel SO S4.46(1n21) . 
Tel 31m A I.T., e- (Sl5) 30 hr(Sl5,A6) 0.177 (H9) spect. oonv. Te-n-Y (SIS) 

To-d-p (SIS) lSI 
U-n, parent of Te 

(A6,H22,Sl5) 

TelSl A ~- 25 min(Sl5) Te-d-p (SIS) 
Te-n-Y(Sl5) 
U-n, Tel3lm I.T., 

parent of Jl31 
(A6,SIS) 
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-
52 TelS2 B ~7. y 77 hr(AS,NUO) 0.35(Nll0) abs.Al; 0.22(11110) abs.Pb tl-n, s11132 f deoay, 

....0.3(830) abe. parent or 1132 . 
(A6~22,Nl.J.O) 

Tb-n(H24) .. Tb-a(llll5) 

'l'el3S B ~- 50 min(A5,ll21) 
133 .. U-n, parent of I 

(A6,H22 ,S2l,W21) 

Tel34 B ~ - 43 min(A6} 134 -
U-n, Sb f gtoay, 

parent or 1l 
(A6,822) 

Tb-n(Pl2) 

Tel35 A f (2 min(Sl35) - tJ...n, ~rent of 1
135 

(S2l,W21) 

Te D f ~1 min(H55) U-n(H55) 

53 1124 A ~· 4.0 days(Ll9,D9) Sb-a-n (Ll9) 
Te-p-n(D9) 
Bi-d(G52) 

1125 B K(R48,G55) 55 days(R48) -o.l (....,ak) (e • ?) (R48) llo Y, no e" (G55} Te-d-n (R48} • 
Bi-d (G52) 

1125' A ~-. y 13.0 days (Ll9,T4) l.l(Ll9) abs. 0.5(Ll9) abs.Pb Sb-tt-n(Ll9) . Te-d·n (Ll9) 
Te-p-n(D9) 
1-n-2n(T4,Ll9) 
Bi-d(G52) 

1127 100(1130) -
1128 A f". y 24.99 min (H35) l.59(7%){by dirr. ), 0.428 (7%)(Sa!l') speot. 1 1-n-Y(Al,T4) 

2.02(93%){889) speot. 1 0.4 (Ll9) abs.Pb Te-d•2n(Ll9) 
1.05, 2;1o(Bl4) Te-p-n(D9) 
o1.oh. (K.u.) 

1129 A f - long (K61) U-n(K6l) -
1

130 
A f, y 12.6 hr(Ll9) 0.61, l.03(R23) s~ot. 0.417. 0.537. -0.667. Te-d-2n(L19) 

co inc id~ · 0. 744(R23) speot. Te-p-n(D9) 
~onv,, speot., Cs-n-a(W21) 
ooincid. Th-n(?) (P15) 

1129-n-Y (K6l) 

1131 A f, Y, e - a.o days(L19) 0. 595 (D29 0 030,031) o.367, o.oeo(D30,Q31) Te-d-n (Ll~,Rl9) 
speat., ooinoid.; speot., spect. oonv., U-n, ;re131 p- deoay 
0.687('1'7) o1.oh. ooinoid.; 0.65(16%) (Sl5,M,H22,Gl04, 

(DSO) abo.; S123,K106,G51~ 
o.4(Ll9) abs.Pb u233-n (G65,S184 

u-a(Fl0,0115) 
Th-a(Nll6) 
Pu-n(Fl02) 

1132 B f. y 2.4 hr(A6) 0.9, 2.2(Nll0). abe •. U1· o·.-6, 1.4(NllO) abs.Pb; U-n, Te132 ~- decay 
-1.35(830) abo. 0.85(830) abs. (.1.6,822 ,P12,Ml06,G5l }, 

parent or Xel32 
!Tto4,no2) · 

u2 3-n(G55) 
U-a(F10,0115) 
Th-n(BlOl) 

1133 B ~-. y 22 hr(A6,W2l} 1 1.4(8123) abo.Al1 0.55(8123) abo.Pbl U-n, ·Te133 f3- decay, 
20.5 hr(Bll8) 1.1(Pl3) ol.oh. 0.·528(P109), opeot. parent of xel33 

(822 ,A6,S2l,W2l,Kl06) 
u-a(FlO,Ol15) 
Pu-n(Fl02) 
Pb-a(Tl09) ,. ·1134 B ~-. y 54 min(AS) >l(Gl23) abo.Pb U-n, Te134 f3 ... decay 

(l!22,A6,Pl2,Pl5, Kl07) 
Th-n(DG) 
u-a(FlO) 
Pu-n(Fl02) 

1135 A ~ -• y 5.7 hr(Gl23,Kll9)1 1.40(25%). 1.00(40%}, 1.6(1Ul9) abs.Pb1 tJ..n, Te 135 f3- decay, 
6.6 hr(S2l,D27 ,W21) 0.4 7 (35%)(Pl09) speot.1 l.3(Sl23) abo. 1 perent of Xel36(S21, 

l.4(1Ul9) abo.All 1.27, 2.00(P109) opeo W21!Kl05), parent %& 
1. 5(8123) abo. xel 5m r.to%), xel 

r-90%) (WS9) 
Th-n(BlOl) 
Pu-n(Fl02) 
u-a(Oll5) 

1
136 

D f, y 1.8 min(S35); 6.5(Kl26) abo.Al 2.9(1U25) abs.Pb U-n(s35), parent or 
86_ seo(IU26) xel36(Tl04, no2) 

1137 D f J f, D. 22.0 eeo(Hl31)1 O, 7(mean)(n)(Bl34) p tT-n, parent; of Xa
137 

(860) 22.6 oeo(ll51)1 recoil in ol.oh. (S35,843,S60,1l5l) 
18 sec(Rl07) Pu-n(RSl) 

1138 D p - 5,9 oeo(S205) tT-n, ancestor of 
col38(R107) 

I ' 

-
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53 1t~9 D 
' . f 2.6 seo(Rl07) U-n, al:ltlestor or 

Ba 139 (R107) 

I F 30 dsye (S124) Xe-a-p(S124) 

54 Xe124 o.p94 (Nso) 

·126 
0.088(N30) -· 

Xe -. --
x.127 B I.T,(?'), .-, .75 sec(C4l) o.175, o.125(C41) I-p-n(B41,C41) 

Y(C4l) a:peot. conv. 

x.127 B Y(C41) 34 daye (C4l) 0.9(041) abs. of e - Xe-n-Y(C125) .. 
I-p-n(C41) 
I-d-2n(0102) 

Xe
128 1.90(N30) 

Ie129 26.23(N30) 

'130 
Xe 4.07(N30) 

x.131 21.17(N30) U-n(T43) m.s. 

Ie132 26.96(N30) U-n(T43) m.s. 

x."' F I.T. • e - 11 daye(C125) Xo-n-a(C125) 
(C125) 

Xe133 A ~-. Y, e - 5.3 days(El02,E103); 0.34(E102) abs.; o.oe5(E109) abs.Cu,Pb To-a-n ( C22) 
5.4 days (C22) 0.049(e-)(E102) abs.; Xe-d-p( C22) . 0.260(Wl09,W59) abs. Xe-n-Y(ll22, C125) 

- A1; 0.42(E109) abs .A1 Cs-n-p (W21, C125 ,1Y59) 
Ba-n-a(W2l,C125 ,W59) 
U-n, rl33 ~- decay 

(S2.1,D27, Y/21,830, 
El02 ,W59) 

Xe134 10.54(N30) U-n(T43) m.s. 

Xe135 A f-, Y(B30), e 9.2 hr(Hll4); 0. 93 (Pl09) spect.; 0.?.47(P109) spect.; Xe-d-p(C22) 
(10'/.)(Ml24) 9.4 hr(S21,1V21) 0.95(830) abs.A1; 0.25(W109,W59) abs.Pb Ba-n-a(W21, S47 ,VI59) 

0.9(\'I'I.Q9,W59) abs.A1; U-n, r135 ~- decay 
l.O(Hll4) abs.A1 (921 027,1121), 

x913~m r.T. (W59) 

xi35rt A r(Bso); I.T., 15.6 min(R22); 0.52(P109) spect.; Xe-n,YfR22) 
Y, e-(W59) 10 min(W59) -0.5(1'1109 ,1'159 )abs.Pb; U-n, I 35 ~- decay 

0.6(S47) abs.Al of .- (Gll",W59 • parent 
of x.·135 .(W59) 

Xe136 8.95(N30) U-n(T43) m.e. 

Xe137 D 68 min(C22) X.-d-p ( C22) 

Xe137 B ~ 
- 3.9 min(S205)\ 4 (B30) abs.A1 Xe-n-Y(R22, 5205) 

3.4 min (R22 ; U-n, !137 ~- decay 
3.8 min(S43) (S43~, parent of 

ca13 (G123) 

Xe138 D f 17 min(G21) U-n, parent or Cs 138 

(H28,H22, G9, G21,S47) 

Xe139 A f 41 sao(D102,Dll7); U-n. parent or Cs139 

-0.5 min(H28) (H28,H22,Hll,Dl03) 
Th-n(H29 ,AS) 

Xe140 A ~ 
- 16 sec(Dll7); U-n, ancestor or & 

140 

(0.5 min(H28); (!128,$110,0101) 
9.8 aoc(0101) Th-n(H29) 

U-d(0101) 

Xe141 A ~ - 1. 7 eeo (0101) U-n, ancestor of ee141 ' (8110,0101) 
U~d(0101) 

Xe143 A f- ~1.3 seo(D102) U-n, Ancestor of Pr143 

(SllO) 

Xe144 'A ~ 
- Short (D10B) U-n, ancestor of ee 144 

(0108) 

Xe145 D f o.e aeo (D120); U-n, ancestor of Pr146 

Short(SllO) (SUO) 

55 Cs130 B 30 min(R18) I-a-n(Rl8) 

Cs131 B K(K62); 10.2 days(K62); No Y(K62); &
131 K deoay(K62,Y7) 

y, e-(Y7) 10.0 days (Y7) 0.145(Y7) abs. of e -
Ce132 B K, Y, e-(C125) 7.1 days (C125) o.6(e-)(C125) abs.A1 0.62(C125) abs.Pb Cs-n-2n(C125) 

08
133 

100(N30) 

I 
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55 Ce!Mm A f(K26)J 3.15 hr(S92)J 2.4 (892) abe.A1; 0.7(892) abe.Pb; 0.15 Ce-n-Y(A1,!!16, KZ6) 

y(S92); 3 hr(KZ6) 1 (K26) abs. (I.T. )(P106) epeot. Ce-d-p~K26) 
I.T., e- OODVoJ Oo16(!,To) 
(P106,G63) (1!140) abe. or e-

c.134 A ~- ,Y(K26)J 2.3 yr(G136); 0.09(26%). 0.66(75%) 0.57(26%). 0.60(100%), Cs-n-Y(A8,S20·, KZ6) 
.-(2.6%) 1.7 yr(K26) (E36) speot.; 0.79(100%) (~6,857) Ce-d-p( K26) 
(W69) 0.65(593) speot.; apeot.; 0.58, 0.78, Ba-d-a(H103) 

0.75(Q136) abs • .\1J 1.35(weak)(S9~) 
0.64(P106) speet,; speot., oo1nci4. • 
0.9(K26) abs.; o.sl, o.eo(Plos) 
0.8(W68) ooinc!d. abe. speot. 

Csl3 A ~-. y 13 days (Fll8), -o.28(Fll8) abs.A1J Q,9(G140) abs.Pb; Ba-n-p ( Cl25) 
12 days(Gl40)J -0.35 (Gl40) abs.Al 1.2(Fll5) abs.Pb La-n-a( Cl25, Gl40) 
10.2 days(Cl25) u233-n(G65) 

Pu-n(FllS) 
Th-a(llll6) . 

c.l31 A ~ - - 33 yr(Gl23) yield 0.550(single )(T42) 0. 663 (T42) spect. Xe-n-Y, Xe ~ - decay J Y' e 
(H96) llloSo (T42) speot.; 0.57(Ell5) conv., speot. (Tl06) 137m 

abs.A1; 0.84(5o%), Parent of Ba (EllS) 
o.s(so%)(8137) abs.Al u-n(Glll) 

u233-n(G65) 
Pu-n(F102) 
Th-a(Nll6) 

C8 138 D ~-. y 33 min(H28) 2.6(G21) abs. 1.2(G123) abs.Pb Ba-n-p(S47) 
U-n, :xsl38 ~- decay 

(H28) 
Pa-n(G7) 
Th-n(A5,H29) 

Cs139 A p - 1 m1n(H28)J U-n, Xe
139 f decay, 

10 m1n(A5) rarent of aal39 
B28,H22,Hll,B29, 

0103) 
Th-n (AS) 

cs140 D ~ - 40 sec (H28) U-n(H28) 

c.l41 A ~ 
- Short(SllO) U-n, Xe

141 f deoa: , I 
ancestor of Cel41 
(SUO) 

Csl42 D ~ 
- Short(H48) U-n, parent of Ba 142 

(H48) 

C
8

143 A p - Short(SllO) U-n, Xe 
143 f deoa , 

a nee stor of Prl4~ 
(SllO) 

c:.l44 A f Short{Dl08) U-n, Xe144 .fJ- deoa , 
ancesto~ of cel4{ 
(Dl08) 

C
8

145 D f Short(SllO) U-n, x.e146 ~- deoa , 
ancestor of Prl4~ 
(SllO) 

56 &130 0.101(1136) 

Bal31 B K, Y(K62);_ 12.0 days(K62)J '0.22, 0.50, 1.7(weak) Bo.-n-Y(K62, Y7~ 
no ~+, e 11.7 days(Y7) (Y7)J 0.26, 0.5, 1.2 Parent or eel l(K62, Y7) 
(Y1 (weak)(K62) abs.Pb, 

abs. of,-

Bal32 0.097(N36) 

'• 

Be. 133m A LT.,,-, y 38.8 nr(W28); 0.30(09) spect. oonv.; C•-p-n(D9) 
(C30) (?) 37.8 hr(Ol03) 0.276(C30) spoct. Cs-d-2n ( C30) 

oonv. Ba-n-2n (K26,W22) 
Ba-d-p(W22) 
Bi-a(P56) 
Bi-d (G62) 
Pb-a(P104) 

Bal33 A K, Y, e-(K62) >20 yr(K62) 0.36(K62) abs.Pb, abs. Bo.-n-Y(K62) 
cr e- 1 o.o85, 0.320 &133m I.T, (Y9) 
(Y9) abs., abs. of e-, 
ol.ch. 

&134 2.42(1136) 

Bo.138 6.59 (1136) 

Bal36 7.81 (1136) ~ 

Ba137m A I.T., y, e - 2.5 min(Ell5) 0.7(e-)(Ell5) abs.Al, 0.75(Ell5) abs.Pb Cs
137 f docay(Ell5) 

(EllS) ooincid. Ba-n-Y(J\l,P2, K26) 

Bal37 11.32(1136) 

&138 11.66 (1136) 



Isotope 
Z A . 

!Al41 

58 ee135 

Class 

A 

A 

A 

D 

B 

D 

D 

B 

A 
(H96) m.s. 

A 

D 

A 

A 

D 

B 

B 

B 

Percent 
Abundance 

o.oe9(Il4) 

99.911(114) 

0.193(114) 

0.250(114) 
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Type of 
Radiation 

~-. y 

~-, Y, e
{Wll2) 

~-, Y(Gl24) 

Half life 

85 min (Dll5) 1 
86 min(P8,H28) 

308 hr (8181) 1 
12.8 days(Ell3)J 
12.5 days (-Gl04) 

18 min(H48) 

6 min(H48) 

{1 min(Hl4) 

Short(DlOB) 

Short(SllO) 

K, Y(W23,M24) 19.5 hr(C74); 
17.5 hr(W23) 

f, y 

f, Y(Kl20) 

2.1 hr(C74) 

40.4 hr(SlBl); 
40.0 hr(W23); 
39.5 hr(BB5) 

3. 7 hr(Kl20) 1 
3.5 hr(H48) 

74 min(H4e), 
77 min (Kl20) 

20 min (Bl23); 
15 min(H55) 

Short(DlOB) 

Short(SllO) 

-16 hrs (C74) 

K, Y, o"(C74) 36 hrs(C74) 

K, Y, e- (1181) 140 days (P14) 

Energy of Radiation in Mev Produced by 
Particles Y raye 

2.3(330) abs. 

l.OS(R49) speot.; 0.4 
(25%), 1.0(75%)(El04) 
abs.Al 1 
1.2(830) abo., 
l.l(Ll04) abs. 

0.84(C74) abs •• U 

0.90(20%), 1.40(70%). 
2.12(1CJ%l (011) speot. 
1.41 (W23 obs .Al, . 
speot.; 1.45 (Wll2) 
opect.J l.8(Ll04) abs 

2. 9 (Kl20) abs.Al 

0.6(K26) obs.Pb,Ou 

0.529(Nl09) speot., 
o. 54 (R49) spoot., 
speot. oonv.; 0.6 
(25%)(E104) abs .Pb 

o.ee(W23)abs.Pb 

No Y(C74) 

0.335(2%). 0.49 (5%). 
0.87(10%). 1.65(77%), 
2.3(6%)(R49) speot. 1 
·o.335(1%), 0.49(7%), 
0.83 (14%). 1.63(74%). 
2 .3(4%)(Ml20,!.!67) 
speot.J 2.49(woak) 
(W64) ll-Y-n reaction 

No Y(?)(K120) 

Ba-d-p (PS, K26) 
Ba-n-Y(Al,P2) 
Lo-n-p(P8) 
Ce-n-n(W22) 
u-n, co139 f" decay 

(H29 ,H22,Bll, Dl03) 
D-Y(L2) 
Th-n(BlOl,AS) 
Pu-n(Slll, Fl02) 

U-n, :xe140(and Os140 ) 
~- deoay, parent of 
to140(H28,H48,H22, 
G2l,Sll0,010l,G51) 

u233·n(Sl84) 
U-d(Ol01) 
U-a(OllS) 
Th-n (BlOl) 
Th-a(Oll5,Nll6) 
Pu-n(Slll, Fl02) 

u-n, csl41 ~- tU"Y• 
parent of lA (H48) 

Th-n(H15,Hl4) 
U-Y(L2) 

U-n, Cs142 ~- dooay, 
parent of La 142 (H48) 

Th-n(H15,Hl4) 
U-Y(L2) 

U-n, parent. of I.A 143 

(Hl4,Bl5) 
Th-n(B15) 

u-n, descendant of 
xel44, ancestor of 
Ca 144 (Dl08) 

U-n, descendant of 
Xel45, ancestor of 
Pr145 (SUO) 

Cs-a-2n(C74) 
Ba-d-n (W23,M24) 
Ba-p-n(1123,1'122) 
cel35 ~+ deoay(C74) 

Cs-a-n(C74) 

Ba-d-Y(!) {W23) 
!A·d-p(P8,W23 ,1124) 
Lo·n-Y(P9, !.!13,1123, 

M24,Gl4) 
Ce-n-p(W23) 
0-n, a..140 ~- dooay 

(H28,H48,H22,G21, 
Gl.04,G5ll 

o233.n(G65 
Th-n(B101) 
Pu-n(S1ll,F102) 

U-n, Ba 
141 If decay, 

parent of cel41 (548) 
Th-n(C16,8101) 

U-n, Ba 142 f deoay 
(H48) 

Th-n(Hl5) 

U-n, Bo143 ~- deoay 
<'!14,Hl5), parent 
of col43(Bl23) 

U-n, desoendllnt of 
:xe144, parent of 
eal44 (Dloe) 

U-n, descendant of 
.xel46, ancestor of 
Pr145(sno) 

La-d-6n, parent of 
IA135(C74) 

0.28, 0.75(074) abo.Pb !A-d-4n(C74) 

0.18, 1.8(074) abs.Pb; Ba-n-2n(Pl4) 
0.18, ~o.8(P58 )obs. Pb La-d-2n( Pl4) 

B!-d(G62) 

• 
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Isotope Class Percent Type of Half life Energy of Radiation in Mev Produced by 

z A Abundance Rad!a tion Particles Y rays 

58 Cel40 88.48 (114) 

Cel41 A ' f, y 28 days(Bl06); 0.60(8108) abs.Al; 0.21(8108) abs.Pb; Ba-a-n(Pl4) 

(H96) m.s. 30. 6 days (P58) 0.66(P58) abs.Al; 0.2(P14) Ce-d-p(Pl4) 
0.4(885) abs.A1 Ce-n-Y(Pl4) 

Ce-n-2n(Pl4) 
Pr-n-p (Pl4) 
U-n, Lo 141 f decay 

(Gl04, 8106,0101,8107) 
Th-n(81Cl) 
Pu-n(Fl02) 
U-d(OlOl) 

Col42 11.07(114) 

Cel43 A f, y 33 hr(El05,885,0103); 1.36(8108) abs.Al; 0.5(8108) abs.Pb; Ce-d-p (Pl4, BlOB) 
36 hr(Pl4) 1.3(885) abs.Al Q,6(P58) abs.Pb Ce-n-Y(P!4) 

U-n, ral 3 f! ... decay, 
parent of Prl43(El05, 
8123,8108,0103) 

U-d(Ol03) 
Th-n(BlOl) 
Th-a(Nll6) 
Pu-n(F102) 

Co144 A f, o"(Pl06) 275 dayo (Bll9) 1 0.348(11109) speet.; No Y(8158) U-n, descendant of 

(H96) m. •· 300 days (BSO) 0.25(Nl05) abs.; xel44, parent of 
0.30(Pl06) epeot., Prl44 (B30,H55 ,Gl04, 
.075, 0.12(e" )(Pl06) Nl05,Dl03,W51l 
spect. u233.n(G65, 8184 

U-d (0106) 
Pu-n(Fl02) 
Th-a(Nll6) 

Co145 D f 1.8 hr(BllO) U-n, descendant of 
xel45. parent of 
Prl45 (BllO, SUO) 

Cel4E - 14.6 min(S157); 
146' 

D ~ U-n, parent of Pr 
11 min(G57) (H55,G57) 

59 Pr14C A ~· 3,5 min(P9) 2.5(H90) abe.A1; Pr-n-2n(F9,A1,W23, DS2) 
2.40(D32) e1.oh. Pr-Y-n(H90) 

Pr141 100(A31) 

Pr142 _A ~-. y 19.3 hr(DS2); 2.14(D32) •ret·• 1.9(D32) abs.Pb; . Ia-a.n(D32) 
19.2 hr(B85) 2. 23(P106 speot. -1.3, -l.65(Pl06) Ce-p-n(D32) 

speot. Pr-d-p(D32) 
Pr-n-Y(P9 ,P2 ,M13,Al, 

W23, 002) 
Nd-n-p(P9,P2) 

Pr14 A ~- 13.8 days (M127); 0.83(P58) abs .Al; No Y(Bl08,Ml27) ce 143 r· deoay(Ml25, 

(H96) m.s. 13.5 days (P14, P58); 0.95(8108) abs.Al 885) 143 -
14.2 days(Ol03); U-n, Ce ~ decay 
12.7 days(JS) (H55,PH,Bll1) 

U-d(0103) 
Pu-n(Fl02) 

Pl44 A ~-. y 17.5 min(Nl05); 3.07(N107) speot.; 0.135(J!109) spoot. U-n, ce
144 f decay 

17 min(H55); 3,1 (B30,H55) abs. 1 conv.; 1.25, 0.22 (H55 ,Nl05 ,W51) 
18 min (G122) 2.99(Pl06) speot. (8159) abs.Pb - U-d(Ol06) 

Pu-n(F102) 

Pr145 D f 4,5 hr(B110) 3.2(Kl21) abs.A1 No Y(Kl21) u-n, Cel45 
(BllO) 

f decay 

Pi46 D f, y 24.5 min(Sl66); 
25 min(G57) 

"'3(8166) abs.Al 1.4 (5166) abs .Pb U-n, Cel46 f 
(G57) 

decay 

'• 60 Ni41 E ~· 2.5 hr(K19) 0.78(K19) Pr-p-n(JIJ.9) 
Nd-d·t (?) (P9, Ki9) 
Nd-n-2n (P9, Kl9,L25) 
Nd·Y-n(L25,K19) 

w/42 27 .13(116) 

w/43 12.20(116) 

NJ-44 23.87(116) 

11;45 8.30(116) 

NJ-4! 17.18(Il6) 

NJ-4 B ~-. y 12.1 days(M141); 0.9, ~ O.l5(G121,Ml27) o.55(Ml27) abs.Pb; Nd-n•Y(G121~Ml27) 
11 days(G12l,Ml27); abs .Al; 0.45 (M141) abo. U-n(G12l,Sl60) 
11.1 days(BB5) c. 76(Ml41) abs. 

w/48 5. 72 (116) 

NJ4 D f 1.8 hr(Ml32); 1 •. 6(885) abs.Al lld-n•Y(IIl32,G121) 
2.0 hr(B85) lld-d-p(P9) 

Nd-n-2n (P9) 
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Iootope Class Percent Type of Half lifo Energy of Radiation in Mev Produced by 
z A Abundance Radiation Particles Y ray& 

60 lldl50 5.60(116) 

lldl50 E 
. 

nL34) ,.-5 x 1010 yr(L34) 0.011(!.34) abs. air Natural oouroo(LM) 

lldl51 E ' 
p- 21 min(P9) Nd-n-Y (P9 ,1!18) 

lid F f 11 min(Gl21) lld-n-Y (Gl21) 

61 Pml43 B K, e-, Y N200 do yo (W25lJ 0.67(W25) abo. ~ Pr- .,_2n (W25 ,11126 ) 
(Wl25) (W26,lll25) Nl yr(lll25) lld-d-n(K20,K21) 

1\n E f. y 2.7 hr(K20) 2(K20) lld-p-n(K20,L26) 
lld-d-n(K20,L25) 
lld-a.-p(L25) 

Pm E f,y 1S dayo(K20) 1.7(120) lld-d-n(l20) 

Pml47 A f (Gl2l,Bl20) N4 yr(Bl20); o.22S(Ll24) opoot., llo Y(lll27) u-n~Sl59,Bl20) 
(Lll7,H96) ... 5 yr(Sl67)1 '"'0.2~Bl20) abooAlJ u23 -n(G65) 

m.s. 2-3 yr(Gl21 -o.3 11127) abo.Al 

Pml48 A f, y 5.3 days(K20,P53) 2.5(P53) abo.; 2(K20) 0.8(P53) abo. Pm147-n-Y(P5S) 
(P53)m.o. Nd-p-n(K20) 

lld-d-2n (K20, X2l,L25) 
lld-a-p(K2l,L25) 

Pml49 A f, y 55 hr(Il1)J 1.2(Ml21) abs.Al; 0.25(weak)(ll133) abo.Pb lld-n-Y, Nd p- decay 
(Ill )m.s. 47 hr(W25,L25,MJ.21)l 1.1(885) abs.Al (11121,B85) 

47.5 hr(B85) U-n(Ml21) 

Pm F f 12.5 hr(P9) lld-d-n(P9) 

62 Sm144 3.16(115) 

Sml45 F ) 72 dayo (Il2) Sm-n-Y (!12) 
(112 )m.s. 

Sml47 15.07(115) . 
Sml48 11.27(!15) 

Sml49 13.84(!15) 

Sml60 7.47(!15) 

Sml51 A f ... 20 yr(H2) 0.06(P113) abs.Al llo Y(?)(P113) Sm~n-Y(Il2) 
(Lll7,H96) U-n(Lll7) 

rn.s. 

Sm152 26.63(!15) 

Sm152 8 a(H85,L74) 1.0x1012 yr(total Sm) 2.0(H86) cl.oh. Natural source (H86,L74, 
(D61) m.o, (H86) 1 1.2do12yr 889) 

(total Sm) (W40) 

Sml53 A P-, Y(Wl15, 47 hr(Wll5) 1 46 hr (P!>) o. 78 (Wl16,888) abo .Al 0.0696, O.l03(H202) Nd-a-n(Kl9) 
(899) m.s. Wll6); spect. conv.; 0.57 Sm-n-Y(P9,1!20,Rll,I!H, 

• - (8140) (weak), 0.10(Wl16) W25,L25) 
abs.Pb, Cu; Sm-n-2n(P9,Kl9) 
.vo.s, O.ll(M67) speot. Sm-d-p(L25, Kl9) 
0.6l(weok), 0.11(888) Sm-Y-n(L26) 
abs., ooincid. abs. U-n(Wll6) 

u233-n(5184) 
Pu-n(Wll5) 

Sml54 22.63(!15) 

Sml55 B p-. y 25 min (Wl23); 1.9(W123) abo.All .... o.s(Wl23) abs.Pb Nd-a-n(Kl9) 
21 min(P9) 1.8(Kl9) Sm-n-Y(P9,Al,lfl3,Bl7, 

125) 
Sm-d-p(L25, Kl9) 
U-n(Wl23) 

Sml56 A f -10 hr(Wll6) -o.a(Wll9) abs.Al U-n, parent of Eu156 

(WI14) 

63 Eu E 40 days (E20) Sm-d-n(K20) 

Eul60 E p• 27 hr(P9) Eu-n-2n(? )(P9 ,Rll) 

Eul51 47.77(1!149) 

Eul52 A p·, Y, e- (T6 )l 9.2 hr(P9); 1.88(f )(r6) !)(ot. 1 0.123, 0.165, 0.725(T6) Eu•n•Y(P9,11l3,817, 
(1!99) m.o. K(R2,1ll42, 9.3 hr(885) o.3s, I.8(p (1!142) apeot. conv.J 1.0 820,Fll) 

886) abs.Al (lll42) abs.Pb Eu-n-2n (pg) 
Eu-d-p (F7, Fll) 

Eul52 A Long(I7) Eu-n-Y(I6) 
(I6,I7) m.o 

Eul53 62.23 (8149) 
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QQi!V~if! t ~lHh I !l!Po! g,~(I!'IQ) 
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!.0(~09) !bo.A! ... ~!eli ·A p"' 'f g.3 vr\ll'l.H) Q, !~ (!'lU) ~bo .All g,g§4(W!M) Aba.,n, llm•!!•'l', Hm199 ~· 

(!,H7,!!~6) ~'<Ooi(Wl04) Abo,Al ~Fit• AP~of!o !!~ Q@O!f(Ilg) 
ll'h(h ·u.n(Wl04) 

:rn-~(11116) 

lill!lfiO p". 'f 15.4 4Ayo(Wl04) 0.5(60"l· 2.~(•011> 2.0(6011) (Wl04) !bo.l'b 165 A flu ·n·rmel 1 ~6 (ne)m.o. (Wl04 abo .Al ll·n.(Wl.06,W104 , Sm 
P 4o•arllll4,wus> 

l'u•nfFlO~ 
Th·~ Nll6 

Eul67 D p". 'f 15.4 hr(Wl06) ..-]..OG-76"), ,...1,8(~25") 0.2, o.e(llll7) abs,l'b u-n(Wl.Oe) 
(Wl06,WlH) abo.Al Tn-o.(Nl16) 

m,lla4 ll p" 60 min (W106,W1U) ..-2.6(WI.06,Wl14) abo •• U U-n(11106) 

64 04
162 

0.21 (Hl+9) 

Odl5~ B p" (?), Y(Fll) 165-170 dayo (Fl1) 1 Eu·d·2n(Fll,K'IO) 
(U2) "'''' )12 dayo (l12)J lld•n•Y(Il2) 

)75 daye(R70) 

lld164 2.14(Hl49) -. 

Odl65 ' 
14,'86(H149) 

~ 
Od166 20.61(H149) • .. 
Od167 16 .. e6 (H149) 

Od158 24.75(!1149) 

Od159,18l E 9.5 hr(S125)J 
8 hr (A1,H17) 

lld•n·Y(A1,H20,H17) 

lld160 2r .11 (Hl49) 

"' 
lld161 F (, 'f(K66J 18.0 hr(K70) 1 o.85(Kss) 0.3(K66) Od·n·Y~S15S,K66) 

· 20 hr(S153) Od·d•p K66) 

Od F 8.s day(S153) 
' Gd•n•Y(S163) 

65 Tb162 D K(?), e" (\n26) 4.6 hr(W125) Eu·a-3n,(lTl25) 

fb163 D K, e" (Wl25) 5.1 daya(lTl25) 0.15, 0.4(e")(lTl25) Eu·a-2n(lll25) 
abs.A1 

fb154 + - 17.2 hr(W125) 2,6(p•), 0.22(o")(lTl26) 1.4(11125) .abo .l'b Eu·a..3n (lTl25) I? p , K, Y, e 
(W126) speot., a.bs.Al 

'rb165 D • K(?), e • (Wl26) -1 yr(lTl26) 0.1(e")(lTl26) aba.Al Eu·a..2n(W125) 

Tb159 100(A33) 

'rb160 A p" 3.9 hr(H16,Ml3) . 
Tb-n·'f(H17,P9 ,Ml3,H20) 

'rbl60 A p", Y(B33) 73.5 daya (B56)J 0.546, 0,882(C81).speot.J o.o8s, o.195, 0.212, lld·d·2n(R70) 
(Il2) ..... 77.3 days(C81) 0.75(B56) abe.All 0.297, 1 • .15(081) Tb•n-'Y (B33) 

o. 71 (K70) abs.A1 apeot. oonv. • abs.Pb 

Tb161 t: 
F p", y 420 days(H139) 0.23(Hl39) ....0.1, 0.5(Hl39) 1J.n(i!l39) 

Tb161 F (, y 5.5 dayo(K70) 0.5(K70) abs.Al 1.28(K70) abs.l'b Gd·d•n (K70) 

66 D)' F p• 2.2 min(P9) . ' Dj'•D•'f(?}(P9) 

Dj'158 < o.l(W44) 

Djf160 o.1(W44) 

Dj'16l 21.1(W44) 

Dj'162 26.'6(W44) 

Dj'163 24.:S(W44) 

• Dj'l64 '27.~(W44) 

Dj'l66,16311 c I.T., e" (?) 1.25 min(F34) o.l3(o")(F32) aba.Al Dy•n•Y(F32) 
(F32,F34) Dy16Ln·Y (18) 

Dj'166 A p", y 145 ·min(S94)J 0.42, o.8s, 1.2s 0.091, .0.37, 0.78!894) lly-n•Y(H17 ,H20,P9, 
(Il3) molo 140 min(S104,B56); (S94) speot.J 1.20 speot. oonv., speat.1 1113,11.'51) 

2.5 hr(H17,P9,1113) (C31) abe. ooinoid.; 1.1 (C31) abs. ooinoid. Dy164.n•Y(I8) 
hl8(D33) spoot.; -1, 0.37(1167) speot. 
1.40(Ell) o1.oh. 



Isotope 
Z A 

162 Ho 

Ho165 

Class 

D 

B 

D 

D 

Ho166 A 

B8 Er162 

Erl64 

Sr165 

Er166 

Erl67 

Erl68 

Srl€9,171 

Er169,17J, 

Erl70 

Erl71 

'!'m16!ln 

Yb170 

~}71 

,,l7z 

Yh173 

Ybl74 

Ybl75 

Ybl76 

17'1 
Yb 

{I7) m.s. 

F 

B 

F 

A 

B 

A 
(113) m.s. 

Percent 
Abundance 

100(A33) 

0.1 (:V42) 

1. 5 (:v42) 

32.9 (\'142) 

24.4(i'l42) 

26.9(1'142) 

14.2 (7142) 

100(!33) 

0.06 (1'143) 

14. ?.6 ('.V43) 

21.49U143) 

17.02 (1'143)-

29.5P.(W43) 

13.38(\743) 

'!'nblc 'Jf the Isotopes 

Type of 
-·Radiation 

Ila1f life 

-20 min (Wl25) 

~+, K, Y(IVJ.25) 4.5& hr(l'll25) 

K, Y, e-(Y/125) -4 days(V/125)· 

~-,Y,e
(K127) 

.:t. y 

f·+' y, e -· 
(i'i125) 

K('), Y, .
('Nl25) 

K ( ')('11'125) 

35 min(W125 ); 
· 47 min(P9) 

27.0 hr(B135); 
27.5 hr(I7); 
27.3 hr(B56): 
30 hr(S126) 

1.1 min(P9) 

9.4 days (K127); 
~10 days (8135) 

6 mln(B56); 7 min(M13) 

7.5 hr(K127): 
5.7-7.1 hr(B56); 
12 hr(H17,P9) 

20 hr(885) 

7, 7 hr(W125) 

9.6 days (\V125) 

-150 days ('n25) 

I.T., e-(Ml43) 1x10- 6 sec(tll43) 

127 days(B5o): 
-125 days (8135); 
105 days (1!20) 

I.T., e-(11143) 2.5x10- 6 oec(ln43) 

500 da,vs ( K128) 

K, Y(B56), 33 days(B56); 
e-(?)(B133) 33.5 days(Il05): 

32.5 days (K133) 

( Y(B56) 99 hr(I6,856); 
100 hr(A35); 
102 hr(Il3) 

2.4 hr(R56); 2. 7 hr 
(Il3): o.s hr(H17, 
Ml3); !.8 hr(A35) 

Energy of Radiation in Mev 
Partioles 

1 
.y rays 

·2.0 (~·), o.3(e-)(W125) 1.12('V125) abs.Pb 
Speet., abs.Al 

0.6, o.!S(e-)(\\'125) abs. 
AI 

0.4(e-)(Yil25) abs.A1 

0.74(W125) abs.Al 

1.9(856) abs.Al; 
1.9(11.31) abs.; 
!.6(1i20) abs. 

0.33(YJ.27) spect. No Y(8!35) 

1.49(6%), 1.05(7!%), 0.8!(22%). 0.31(7!%), 
0.67(22%)(K!27) spect., O.ll3(7!%)(Kl27) 
coineid. spect., speot. conv. 

0.6(385) abs • .U 

2.1(~+), 0.24, l.O(e-) 1.5(\':125) ~bs.Pb 
(Wl25) spect., abs.Al 

Produced by 

Tb-a.-3~(Wl.25) 

Tb-a-2n (\'1125) 

Tb-a-n (\'1125) 

'ly-p-n(W125) 

Ho-n-2n(?)(P9) 
Dy-p-n (V/125) 

Ho-n-Y(Hl7 ,H20, P9 1 

~r.ll,S126) 

Er-n-2n (? )( P9) 

Er.,n-Y(Bl35) 

Er-n-Y(Ml3,M18) 

Er-n-Y(!il7 ,PS ,R24-, 
8135) 171 

Parent of Tm 
(500 da.vs)(h'l27) 

Er-n-Y (885) 

Ho-a-3n(Wl25) 

0. 21 (e-) (~'1125) abs .A1 0.22, 0.95(1'1125) obs.Fb Ho-n-2n{'.'ll25) 
Tu-d-5d6a (\'1125) 

0.98(K133) spect.: 
1.!(856) abs.A1 

O.!(Kl25) abs .A!; 
0.100(Y.l:l3) spect. 

0.50, O.l3(R5G) uhs.Al; 
0.45(.135) cl.ch. 

1.3(A5G); 1.15(A35)cl.ch. 

0.2(~.~43) coincid. 
abs. of e-

No y(8135,851J) 

O.l(Yl43) ooincid. 
abs. of e-

0.2, 0.4(856) abs.Pb, 
co inc id. 

0.35(656) o;~.bs .Pb, 
coineld. 

Ho-a-:::1{1'.'125) 
Ta-d- 5t !Sa (W125) 

YbH9 Y. docay(~•l43) 

'lm-d-p(K1~l3) 
Tm-n-Y(H20,117) 

Er
171

(7.5 hr) , 
K decay (Ml4:1) 

Er171 (7.5 hr) -
F- decay(KUB) 

Tm-d-2n (Kl33) 
Yb-n-Y (B56, 81.33) 

Yb-n-Y (F.20,H17, Ml3, F9) 



Tablo of .,_he Isotopes Fage 37 

Isotope Class Percent 'l'ype of Half life Energy of Radiation in Mev Produoed by 
z A Abundance Hadiation Particles Y rays 

71 Lul70 8 K, :f• e-, 2.15 days(Wl25) 1.7( ~·), O.l(e")(Wl25) 1.5(Wl25) abs.Pb Tm-a.-3n(W125~ . ~ (?)(Wl25) speot., abe.AJ. Yb- d- 3!1 (Wl2 5 
Ta-d-3zl3a (l\1.25) 

Lu
171 8 K, y, e - 9 days(Wl25) 0.17, 0.7(e")(WJ.25) Tm-a.-2n(Wl25) 

(Wl25) abs.Al Ta-d-3zl2a (11125) 

Lul72 8 )100 days (W125) Tm-a.-n(W125) 

Lul75 97.5(1.!54) 

Lul7l A 2.5(1.154) ~-(HBO,L70), 7.3xlo
10 

yr(unoorr. 0.215(L70) abs.A1, 0.260(Fl6) abo.Pb Natural oouroe (H80) 
(H80, (67%)(F45h for K)(L70) speot.; 
M54) Y(F16); 0.40(Fl6) abs.Al 

(33%)(F45) 

Lul'lflm 8 f 3. 67 hr (A35 );" l.04(VIl25) abs.Al; Bo Y(B5S,A35) Lu-d-p(WJ.25) 
3.75 hr(W125); 1.15(Fl6) abs.Al; Lu-n•Y(H20,Hl7 ,Ml3, 
3.7 hr(B56); 1.25(A35) ol.oh. Ml.8,Fl6) 
3.4 hr(Fl6,D57) Lu-x-rays (D57) 

Lu177 A ~-, Y(B56) 6.8 days(856); 0.440(FlS) abs.Al; 0.2(856) abs.Pb; Lu-n-Y(Hl7 ,H20,FS, F16) 
(Il3) m.o. 6.6 days(Fl6,A35); 0,62(856) abs.A1; 0.2, 1.3(weak)(Wl25) Lu-d-p(Wl25) 

6.9 daye(Wl25) 0.47(A35) o1.ch. abs .Pb Hf·d-et(Wl25) 

72 Hf174 0.18(1155) 

Hf176 5.30(M55) 

Hfl77 is.47(1155) 

Rf178 27 .10(1155) 

Hf179 13.6~(1155) 
. 

Hf180 35.11(1.55) 

Bfl81 A f, Y(D52) 46 days (sua), , 0.45(MB3) abo.Al; 0.52, 0.30(14!13) abs.Pb; Hf-n·Y(Hl9) lBlm 
55 days (Bl9) 0.28(N47) abo.Al, l.4(N47) ooincid.abs. Farent of Ta (D52) 

ooincid.; 0.63(V23) 0.52, O.l3(V23) abo., 
e.ba. • ooinoid. J coincid. aba. J 
0.8(D52) abo.Al o.5(D52) abs.Al 

Hi" D I.T., e "( ?) 19 sec (F32) 0.19 (•" )(F32) abs .Al Hf-n-Y(F32) 
(F32,F34) 

73 To.l76 B ~K, Y, e - a.o hr(Wl25) 0.12, 0.18, 1.2(•") -2(Wl25) abs.Pb Lu-Cl-3n(\\125) 
(Wl25) (l\125) abs.Al To.-d-p6n(Wl25) 

To.l77 8 K, y,. e - 2.66 days(Wl25) o.u(e") (Wl25) abs.Al Lu-a.-2n(Wl25) 
(W125) Ta-d-p&n(Wl25) 

To.l78 B K, e- or ~ - 16 dayo(Wl25) l.l(e"?)(W125) abs.Al Lu-g,.n(Wl25) 
(Wl25) 

Tal SO B 14-21 min(Bll,Ol) To.·Y·n(Bll) 
Ta-n-2n (?)(01) 

Tal80 A K, e", Y(Ol); 
f(?) 

8.2 hr(Ol) (0.5(e"?)(01) abs. Ta-n-2n(Ol,P2) 
Ta-Y-n(1!!18) 

To.1~lm A I.T., y, e-
(Dll3,D52) 

2x10"5 oeo (D52, 1.!53) o.18(D52) ooinoid. abo. Br181 f dooay 
(Dll3,D52) 

To.l8l 100(D40) 

To.l82 ~ f, Y, e - 117 days(Z2,S52) l.O(H37) abo.; 1.22(5'7%), 1.13(37%), To.-n-Y(Ol,F6,H37) 
0.98, o.32, o.oso(Z2)1 0.22(4%). 0.15(2%) Ta·d·p(Ol,Z2) 
o.53(R49) speot. 1 (R49) opeot., opeot. 
0.499(J9) opeot.; oonv.; l.6(Z2); 
l.l(N47) abs.Al, 0.23(N47) ab'o,Pb 
ooinoid. 

Tal8! B ·f, Y(?)(S52) 16.2 min(S52) 0.2(852) abs.Al To.-n-Y(852) 

74 Wl80 0.122(15) 

r81 B K, Y1 e - 140 days (1166) -0.14, l.83(weak)(W66) Ta-d•2n (1166) 
abs. of e•, abs.Pb 

..ra2 26.77(15) 

.,r.as 14.24(15) 

..rs4 1!0.58(15) 

.,r-85 A ~-, Y(?)(M36) 73.2 days(8207); 0.430(8207 ,P59) opeot.; No Y(884,C69) W-n·Y(li36,Fl2) 
74 days(Fl2~; 0.675(J9) speot.; W-n-2n(lG6,Fl2) 
77 day• (1136 0.6(884) abo .. \1; ll·d•p(Fl2) 

0.84-0.72(Fl2) ol.ch. Re-d-a(Fl2) 

wl86 29.17(15) 
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Isotope Clase Percent- Type of Half life Enorgy of Radiation in IIOT Produced by 
z A Abundance Badiation Particle• Y rays 

74 ._187 A f, Y(ll36);e - ·24 .1 hr (Fl2) o. 63(70%). 1.33 (30%) 0.135, o.1o1, o.OB6(V6) W-n-Y(IIl4,Al,II36,Fl:i) . 
(P59) apeot., o.562, apeot. oonv.; 0.135. W-d-p(Fl2) 

- 1.35(Ll26) spect., 0.48, 0.69(11120) 
1.3, 0.6(1167) spect., apect. oonv.; 0.90 
1.4, 0.6(884) abs.Al (C31) ooincid. abs., 

ooinoid.J 0.14, 0.21, 
Q.48, 0.62, 0.69 
(P69) spect. oonv. 

76 Re E ~+ (C42) 30-66 min ( C32, D9) W-p-n(D9,C32) 

Ra E 13 m1n(C42) W-p-n(C42) 

Ral82 B K(?), Y, e - 64.0 hr(Wl25) 0.11, 0.27, )0.6(•") 0.22, lo62(Wl26) aba. Ta·a-3n (Wl26) 
(\Vl26) (Wl26) aba .Al ' Pb W-p-n (Wl26) 

Ral83,184 c K, y, .e7 ...SO days (Wl25) O.l(•")(Wl26) abs.Al l.O(\Vl26) aba .Pb Ta·a-2n or 
(Wl26) Ta-a-n(lll26) 

Rel84,183 . c K, y, e - 13 hr (\Vl25) 1.6(Wl26) aba.Pb W-p-n (W126) 
(Wl26) 

Ra184 A ~-. K, y 50 days (S86); 0.22-0.26(S85)J Q.1(e"), 0.17, 1.06(886), W-p-n(D9, C42,C32) 
(885) 62 days (F12) 0.22, o.es(e"?) o.85(F12) 1 0.11, W-d-n(Fl2) 

(C32) aba.A1 1(C32) spect. oonv., Ro-n-2n(F12) 
aba.Pb 

Re186 37.07(Wl21) 

Ra186 A ~ - 92.8 hr(G52); 1.07(G52) absoAlJ No Y(C42,S85) ll'-d·2n(Fl2) 
(H79) m.s. 90 hr(Sl6) 1,05(Y4) cl.ch, W-p-n(D9,C32) 

Re•Y-n (P55) . Ro-n-Y(Sl6,K7, Y4, FIR) 
Re-n-2n(Sl6, Y4,Fl2) 
Ro·d·p(Fl2) 

He 187m A I,T ., Y(D58) , 65:do" 6 sec (D58) O.H(D58) coinoid. abs. r 87 ~- decay(D58) .-
Rel87 62.93(Wl21) f(N44) 4xl0

12 
yr(ll44) 0.043(1144) abs.Al Natural source(ll44) 

Rel88 A ~-. y 18.9 hr(G52); 2.05(G52) absu\lJ 2,5 0.16, 0.48, 0.64, 0.94, Re-n-Y(P2,K7 ,816, Y4, 
(H79) m.s. 18 hr(P2,S85) (Sl6) ol.ch. (K, U. ), 1.43(1167) spect.J Fl2) 

2,5(S85) abs. 0,8(1134) spoct•J Ro-d-p(Fl2) 
0.7(885) abs,Pb 

76 Qsl84 0.018 (1137) 

08
185 

B K, Y(G48) 97 ditys (K7l) 1 
94.7 days(G52) 

0. 76 \K71) kbs. Pb Re-d-2n(G48, K71) 
Os-n-Y (K71) 

08
186 

1.59(1137) 

Osl87 1.64(1137) 

oi88 13.3(1137) 

08189 16.1(1137) 

Osl90 26.4(1137) 

08
191 

8 ~-. y(S36) 32 hr(S36); 1.5(536) abs.AlJ 1.17(G52) abs,Pb Os·n-Y(K7 ,S36,Z3) 
31.9 hr(G52), b. 95 (G52) abs .Al Os-n-2n (S36) 
~0 hr(Z3,8104) Oa-d·p(G48) 

lr-d-a(G48) 

08192 41.0(1137) 

0•193 B ~-. y, • - 15.0 days(K71); 0,142 (8207) BpeCt•J o. 039. 0.127 (8207) Os-n•Y(S36,Z3) 
16.1 days(S207)J ~O.l6(K71) abs.AlJ spect. oonv.; 
17 days (S36) 0.35(836) abs.Al; 0.13 (K71) abs .PbJ 

0. 64 (W68) coinoid.abs. O.l29(C72) spect. 
oonv. 

77 Ir190 B K(?), a" (?),Y 10.7 days(G52) 0.091(e"?)(G52) abs.Al 0.25(G52) aba.Pb Os·d-n(G62) 
lr-n-2n (G52) 
lr-Y-n ( G48) 

Ir191 38.5(563) 

Ir192m A I.T., Y, e - 1.5 min(ll15) o.ose (•-) (Gl46) abs.Al o.06(G58) abs.Al of .-, Ir-n•Y(IIl6) 
(Gl36) ras. (Gl35,G58) aba.Pb 
n. aot. 

Ir192 A ~- • y, e - 10 daya (Flos) 1 0.59(G52) aba.All Q, 307, 0.467, 0. 603 (DM) Ir-n•Y(IIl5,F6,J4) 
(Dll6,R46) f-osO%) . 60 daya (111S.F6); 0.68(11'68) coincid. aba. apeot., 0.52(G62) Ir-n-211 (G62) 

m.a. (W69,8206) 75 daya(G52) o.s6(1189) aba .. U aba.Pbl 0.137, 0.209, Ir-d-p(G52) 
0.295, 0.307, 0.316, Ir-Y-n(G48) 
0.468(L81,H65) apeot. 
oonv. 

Irl9S 61.6(S6S) 

' 
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77 . Irl94 A f, y 19.0 hr(G52)J 2.2 (A2) speot.; 1.86~K54,M89) epoot.; Ir•n•l"(lll6 ,Al,P2 ,J4) 
(Dll6,R46) 19 hr(lll5,A1) 1 2.1S(W29) opeot.l 1.66, o.3S(G52)abs.Pb; Au·d·ap( ?)(Cl8) 

m.s. 20.7 hr(Sl04,Sl53) 2.11(1'129) abs.Al; (Hl9) ooinoid. Ir·d-p(G62) 
2.07 (G62l abs ·All 
0.48 (1489 ooinoid.abs. 

78 Pt191 D K, e., Y(W67) 3.00 doys(W67) 0.6(o")(W87) obs.A1 0.67, l.a(11'67) abs.Pb Pt-n-2n (W67) 
Ir·d·2D (W67) 
Au191 K or ~· deoay (W67) 

Ptl92 
·' 

o. 78(1104) 

Pt193 B K, Y, o"(W67) 4.33 dayo(W67) 0.10(e")(W67) abs.Al 0.17, 1.7(1'167) obs. Ir-a-pn(ll67) • 
of e .. , abs. Pb Ir·d·2n(W67) 

Pt-d-p(W67) 
Pt-n-2!1 (W67) 
Au193 K deoay (1167) 

Pt194 32.8(1104) 

Pt195 33. 7(1104) 

Pt196 25.4(1104) 

ptl96m D I.T., e"(?) SO min(SS7) Pt-d-p(SS7) 
(S37) Hg·n-a(S37) 

Pt197 B f 18 hr(lo!l5) 0. 65 (SS7) abs.; Pt·n·Y (1115, S37) 
, 0. 72(K27) abs. Pt·d·p(Cl9, S37 ,K27~ 

Pt·n-2n (S37) 
Hg·n-a(S37) 

ptl97 B f, Y(K27) 3, 3 days (1115) Pt-n•Y(II15,P2) 
Pt·d•p(K27) 

Pt198 7.23(1104) . 

Ptl99 A f 31 min(M15) 1.S(S37,K27) abs. Pt·n-Y(II16,Al,lll4,S37) 
Pt·d-p(Cl9,K27 ,S37) 
Hg·n-a(S37) 

79 Aul91 D K or ~· (11'67) ~1 doy(W67) Ir-a•4n(W67) 
Pt·d-3n (W67 \sl 
Parent of' Pt (W67) 

Aul92 D K, Y, o"(W67) 4,7 hr(W67) o.:i(e")(W67) aba.Al ~3(W67) abo.Pb Ir·a-Sn (W67) 
Pt-d- 2n (W67) 

Au193 B K, e • (W67) 16.8 hr(W67) lr-a-2n(1167) 
Pt·d· 3~>(1167) 19 3 Parent or Pt (1167) 

Aul94 D K, Y, o" (W67) 39.6 hr(W67) 0,31, 1.8(e")(W67) 0.38, 1.9(W67) abs. of Ir-u•3n (W67) 
abs.A1 e·, abe. Pb Pt-d-2!1 (1167) 

Aul95 B K, Y, o • (W67) 195 doys (W67) 0.08(e- }(W67) abs.Al 0.17, 1.7(1'/67) abs. or Ir-a..2n(11'67) 
··e·, abs.Pb Pt-d-2n(W67) 

Au196 B f 13 hr(ll16); 14 hr(W67) Au•n·2n (1115) 

Au196 B ~-, Y, e - 5.55 days (W67}, 0.36(C43) 0,41 (C43) 1 0.41, 1.7 Au·n-2!1(1115) 
(K27) 5.6 days(L29,K27) (W67) abs.Pb Pt-d-n(K27) 

Au197 lOO(JUA,) 

A}97m A I.T., e "(1166) 7.5 soo(W66) o.o7(e • ), o.26(e ")(F38) 0.25(1156) abo. of e - Au•x•reye (1156) 
abe. Al, ooinoid. Au·n·n(W66 ,F38) 

Hg197(25 hr) K deoay 
(4%)(FS8) 

Au198 A J"f. Y,_e- 2. 7 days (lll6,Al )J 0.970(86%), Q,6QS(l6%) 0.408(100%), 0.167(15%), Au·n·Y(II15, Al,P2,D33) 
(4.?,:)(W69) 66.6 hr(D38). · (L84) speot.1.::. 0. 208 (16%) (1.84 )ope at., Au•d•p(C18,K28) 

(),960(100%) (s201:},.epeot speot. oonT.; O.tll2 H~-n-p(SS7) 
0.97(100%)(PS9) iP.at. (D64) oryot. opoot.; 
o.986(F41) abo •• u. 0.066(1'41) abo., 
"oinoid·. ooinoid.; (C31,863, 

1153) coinoid. 

Au199 A f, Y(K27) 3.3 days (1115) 0.38(1156) abo.A1, 0.18(1156) abo.Pb, Pt199 ~- deoay{lll6) 
ooinoid. J ooinoid. ~ Pt·d-n(i27) . 
1.01 (K27) abo. o.,6 (K27 abo. Hg·n·p(S37) 

Au200,202 1l a· 48 min (S37 ,1132) 2.5(837) abo. Hg-n-p(S37,11l52) 
n-n-u(1132) 

80 ·Hg196 o.15(!iso) 

Hl97 A K, Y, e • (FlS) 28 JQ-(FlS)I 0.161, O.l30(H38) opeot. Pt-u-n (887) 
26 hr(D101) OODT•I 0.125, 0.167 Au·d·2D(Fl3,11'26, K28) 

(V8) epeot. oonv.l Au•p-n (D101) 
0.166, 0.186(F38) Hg-n•2D(Fl3 ,11'26) 
oolnatd. abe. Hg•D•Y (Fl8,1126,1116,j,9) 

H,;·d-p ( K29) 



Isotope 
Z A 

ai00 

Hg201 

alo2 
Hg203,206 

81 T1 

Tl 

Tll98 

'fl199 

Tl200 

T1200 

Tl202 

11
203 

T1204 

AoC" 207 

Pbzo• 

Pb2M• 

Class 

A 

D 

c 

A 

D 

D 

D 

D 

B 

F 

B 

B 

A 

A 

A 

A 

A 

D 

B 

B 

Percent 
AbunGanoe 

10.1(1130) 

17.0(1130) 

23.3(1130) 

13.2(1130) 

29.6(1i30) 

6.7(1130) 

29.1(1136) 

70.9(1136) 

1.5(1138) 

28.6(1138) 

22.8(1138) 

Table of the Isotopes 

Type of 
Radiation 

Half life 

K, ·Y, e"(Fl3) 64 br(Fl3,Dl01) 

I.T., e-, y 
(Fl3) 

~~. Y(Fl3) 

K(?), e" • y 
(!29) 

4~ minclno,l!ls), 
43.5 min(H208) 

51.5 days (Fl3) 

5.6 min(K29,1132) 

10.5 hr(K29) 

K(?), e"(K29) 44 hr(K29) 

K, Y, e"(031) 1.8 hr(031) 

K, y, o"(031) 7 hr(031) 

It, Y, •"(031) 27 hr(031) 

K(?), y, e" 
(!29,1132) 

p'(Bll6) 

~-, Y(C60) 

~-, y(CSO) 

4 min(K3) 

11.8 days (Fl4): 
13 days(ll32) 

2.7 yr(VUO)J 
3.5 yr(Fl4) 

4.23 min(~'17) 

4. 76 llin (C60,S70) 

3.1 min(C60) 

2.2 min(Hl46) 

1.32 min(C60) 

K, e", Y(Hll8) ...S hr(l!ll8) 

I.T.(?) or 
K(?), e·, y 
(Fl4,!29, 
LS3,1132) 

I.!., Y • e· 
(Fl,,ll32. 
T38) 

52 hr(Fl7,Fl4)J 
5' hr(DlOl) 

68. min (1132) 1 
65'mio(Fl4) 

ED.ergy of Radiation in Mev 
Partie lea Y ray a 

(0. 3(11120,1167) speot.J 
0.46(Fl3) aba.Ah 
o.u, 0.44(Jr68) 
ooinoid. aba. 

1. 62 (1!29) abs .111 

0.075 (HS8) speot.oonv., 
0.077(F38) aba •. ot e" 

-o.S!(Fl!) abs. of e- J 
0.222, 0.362(H208) 
Jpeot. oonv.) 

0.30(Fl3) abs.Pbl 
0.28(1167) apeot. 

l.O(K29) abs.Pb 

0.4(e")(o31) abs.Al,Be 1.3(031) abs;Pb 

0.5 (e- )(031) abs .Al, Be 1.5(031) abs.Pb 

0.4 (e • )(031) abs.Al, Be 

o.ao(Hl41) abe.A1, 
0.87(Fl4) o1.oh., 
0.77(Pl06) speot. 

1.65(F14) abs., 
1.77(!29) abs.Al 

1.47(871) abs.Al 

1. 72 (899) speot., 
1.82(872) abs. paper 

l.80(L71) o1.oh. 

0.40(1132) 

llo y(F14) 

llo y(F17) 

2.62(R40) 

1.8(Hl46) abs .J.l 

-0.45(Fl7,Fl4,K29) abs. 
of e", (Fl4,1132,L33) 
aba.Pb, (LS3) speot., 
(1132) speot. oonv., 
0.27(LS3,1132) apeot. 
conT., abs.Pb 

1.1(FH) abs. of e", 
aba.Pb, 0.90(1132) 

Pago 40 

Produced by 

Au·d·211(Fl3,11'26) 
Au·p-n(DlOl) 
Hg·n·2n (Fl3 ,11'26) 
Hg·n•Y (Fl3 ,11'26) 

Pt-a.-n(?)(S37) 
Hg-n-2n (1116, HlO, P2) 
Hg-n-n (?) (ll'l8,11'2B) 
Hg·d-p(K29) 
H~-z-raya (Jm8) 

H~d·p(K29) 
lll!·n•Y(F13,W26) 
n-n-p(ll32) 
Pb-a-a(1132) 

llfl·d·2n (129) 

Hg·d·2n (!29) 

Au-a.-3n(031) 

Au- ... 2n(031) 

Au-a.-o(031) 

J.u-... n(?)(K3) 

Hg-d-2n(129) 
Tl·n·2n(Fl4,1132 )' 

Tl·n·Y (PlO ,P2 ,H10) 
T1-d-p(Fl7, Kl!i) ' 

Tl-n•Y (PlO, P2,H10) 
T1·d·p(F17,K29) 
Pb·Y-p(B33) 
Rag210 a deoay(B78) 

Pb-n-p(Bl6) 
Naturlli source, 

AoC a deoay 

Natura 1 •ou roe, 
Tbc212 a deoay 

81~13 a d oay, parent 
of Pb20~(El08,Hl43) 

Natural aouroe, Rac
214 

q. deoay • parent of 
RaD210 

fl·d-•n(Hll8) 

T1·d-2n(Fl4,!29,Fl7, 
Hll8) 

fl·p-n (D101) 
Pb-n-2n (1132) 
Pb2M.n-2n(T38) 
Pb-Y-n(B53) 

Tl·d·o(FU) 
Tl·d·3n(T~8) 
Pb·n·n (010,1132) 
Pb-x-rays(B53) 
Bi204 X decay(T38) 
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Isotope Class Percent Type of Half lifo Energy of Radiation in l!ov Producod by 

z A Abundance Radiation Partioloo Y rays 

82 Pb208 52.3 (N38.) 

Pb209 A ~ - 3.32 hr(L108) o.7o(K29,Fl4) aba. 1 llo r. no .-(Wl02)1 Pb-d-p(T5, K29 ,F14,Fl5) 
Q, 88 (R49) opeot. 1 np r(L108.) Pb-n-r (1132l 
0. 750 (.1132 h 81-n-p(1132 
0.71(Ll08) abs.All Po213 Cl docay(H69,E38) 
0.70(Ll08) opeot. 

11!.0210 A f, r(R40) 22 yr(C60) 0.0266 (L72) speot. 1 0.04T(R40)1 0,04'1'2( T44) Natural source, ftf"210 

0.0292(864) opoot. speot. conv. J sevel"&l p- decay, RaC' 
weak lines of lower ~~~YaY• parent of 
enorgy(835,F42, T32, 
TS3) . 

Ao8
211 A ~-. r(sn) 36.1 min (S70) 0.6, 1.40(871) abs.Al 0.8(871) abo. Natural source, AoA 

216 

a. decay, parent or. 
Aoc211 

ThB212 A ~-. r(R4o) 10.6 hr(C60) 0.36(872) opoct. Natural source, 'thA
216 

a decay, parent of 
Thc212 

RaB214 A ~-, r(R40) 26.8 min(C60) 0.66(872) speot. Natural souroe, Ra.A.
218 

CL deoay, parent ot 
Rac214 . 

-
83 sf2os F a(T40) 2 min(T40) Pb-d-T(T40) 

8f20s D u, K(?)(T40) 9 min(T40) 5.83(11117) ion.ch.l Pb-d-? (T40) 
~s.s (n)(T40) ion.ch • . 

8f2os D n, K(?)(T40) 27 min(T40) 5.47 (11117) ion.ch., Pb-d-? (T40) 
abs. mioaa 
~s.5(n)(T40) ion.ob. 

sfZOS D n, K(?)(T40) 56 min(N117) 1 
~1po min(T40) 

5.15(Nl17) ion.oh.l Pb-d- ?(T40) 
~s.5(n)(T40) ion.ch. 

81204 8 K, .-, Y(TS8) 12 hr(TS8) o.2(o-), ~o.B(o-, woak) Pb204--d-2n (T 38) 
(TSB) speot., abs.Al Tl-n-Sn(T38 )204 Parent of Pb m(-4%) 

(TSB) 

81206 A K(?), .-. r 6.4 daya (Q9) Q, 74(K29) abs. of e- 1 T1-a...Sn(T38) 
(LSS) 0.93(F14) abo. of e-; Pb-d-2n(Fl4 ,F15, 329) 

1.1(F14) abs.Pbl Pb207 -d-Sn (T38) 
-0.4, 1.1(T38) oba.Pb Po206 K docay(TSB) 

8i209 100(NS6) 

RaE210 A ~-Hoo%l1 6.Q days(ceo) 1.17(~-) (FSO,N40,L76) No Y(G2S) 
• 210 

Natural source, Re.D 
u(1o-4-1o-6 speot. J ~- ~goay, peront or 
%)(8116) 4.87(a)(878) oa1o. Po2 and n206(B78) 

8i-d-p(L13 ,C26,H27) 
Bi-n-r(l!29) 

Aoc
211 A n(99.68%)(C6Q 2.18 min(CIO) 6.619(a,B4%), 6.273 Natural source, .loB

211 

r(R40)\ ~- (a,16%)(H8l) spoot. !:c ~~YF :na·~~i28f 
~0.32% 

· cao),r At215 a deooy(G66) 
(C60) 

ThC212 A a(ss.7%)(K50) 60,5 min(CIO) 6.081 (a, 27%), 6.042 
212 

Nature.! eouroe~ 'lhB 
r(R40)J ~- (u, 7o%)(L73) speot. 1 ~- dooay, At 16 a 
(66.s%) 2.20(~-)(S72) speot. doo~212~~~n~~t208 
(KSO), r At2iJ.~. Cl dooay(G66) (C60) 

81213 
·A ~- 1 a(2%) 47 min(H69)1 -1.3(~-}1ESB) abs.All At

217 a~ aay, peront 
(ESB), (4%) 46 min(B38) -1.2(~ )(H69); of Po2 %(H69,E38) 

(H69) 6.86(a)(E38) ion.oh.l 
6.0(a)(H69) ion.oh. 

RI.C214 ... a(0.04%) (C60 ~ 19,7 min(CIO) 5.605(4,45%). 5.444 1.8(R40) 
214 

IIO.'tura1 source~ li!.B 
~- (99.96%) (a,66%l (L73) speot. 1 ~il. decay, At 18 Cl 

~C6o), r s.l5(p )(872) abs .. u, :..~~214P!~:n~~'do 
R40) speot. 

84 Po206 A K(-90%), a 
Ho%), Y 

9 days (T36) 5.2 ( a)(TII6) ion.oh. Pb
204

-a...2n, perent of 
B1206(T36) 

(T36) 

Po207 A Kc;...loo%), " 5.7 hr(TS6) 5.1(f:56) 1on.oh. Pb206,a...sn(T36) 
(O.Ol%) 
(T36) 

• 
Po208 B a(T36) S yr(T36) 6.14(T36) ion.ah. llo r(T36) Pb206-a.-2n(TS8j 

Pb207-a...sa(Tse 
B1-d-Snff36} 
Bi-p..2n Llll) 

Po210 A a,r(R40) 140 do yo (C60) 6.298 (B81} spoot. 1 o.e(weat)(D53) abo.Pbl Natura 1 oourco, HaB
210 

5.30S(C66) speot. 0.773(864) apect. ~- dooe)'·(L13,026, 
oonT. H27) 

Pb-o-2n('ta•> · 
B1-d-n(V4, cl!&(li!T) 
4t2lO K dooa~ nsa} 
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llotope Cl&SI Percent Type of Half lifo Energy of liadl.&tion in l!ev Produced by 

z A Abundance .Badiation Partie lee Y rays 

84 Aoc•2! A a 6xl0-~ seo (CSO) 7.434 (L73) speot. ' Natural source, Aoc211 . r cfeoay 
At ll K dooay(C45,C23) 

ThC•ZlZ A a 3 .ax1o-
7 ~·· (Hzos) \ 8.776(B70,H8l) opeot. Natural source, Th.c212 

2.6xl0- oeo(B5l 1 ~- deoay 
3xlo-7 ooo (DSO) 11111 16 a deoay(lll45) 

PoZl A a(H69,ES8) 3.2xl0-s osc(E38) 8.336(E38) icn.ch.; Bi213 ~- decay, parent 
8.30(H69) ion.ch. ~f Pb209(H69,B38l 

IIIII 7 a decay (lll46 

Rac•Zl A a l.Sxl0- 4 oeo 7.680(B70,H8l) opeot. Natural sou roe, RaC
214 

(D50,R4l 1'160); ~- dooay, parent of 
l.65xl0-l sec(J7) RaD210 

1!111218 a do cay (sas) 

AcA215 A a(-lOO")~~ - l.8Sxl0- 3 seo(l!liO) 7.385(L7S) opect. Natural sou roe, An 219 

(sxlo- 1c:nF~nr'~Usof (K65) 

ThA2l A a!vloo%); 0.158 sec (WSO) 6. 774 (B70,H8l )(a) Natural source, Th220 

f(o.ol4") opect. 
a r::~!l' a~r:~~~~r (133) 

HaA2l A a(99.96%); 3.05 min(C60) 6.998 (a)(B70,H8l) liatural source, Rn222 

~-(o.04") a peat. a. decay, parent of 
(161) BaB214 and At218 

86 At207 D "• K(?)(Tll6) 1.7 hr(Tll5) 5. 76(a)(Tll5) ion.ch. Bi-a-6n(Tll5) 

At20! D "• K(?)(Tll5) 4.5 hr(Tll5) 6.85(a)(Tll5) ion.oh. Bi-a..4D (Tll5) 

At210 A K, Y(Kl32) 8.3 hr(Kl32) l.O(Kl32) Bi-c-3n, parent of 
p0 210(Kl32) 

At2ll A a(4Q%)(C46); 7.5 hr(C46,C23) 6.89(a)(Tll5) ion.oh.; Bi-a-2n (C46,C23) 
K(60%)(C46) 5.94(a)(C~6) abs. Th-a-25• 7z (0115) 

U-a-3la9& (0115) 

At212 A a(W74) o. 26 ••• (1'174) Bi-a-n(W74) 

At2l B a(lll45) Very ohort(lll45). 8.7(11l46) ion.ch. Fr
218 

a dooay(lll46) 

At216 A a(K55,G66) -10-4 ooo (Gd6), S.OO(G66) ion.oh.; Natural eouroe, 
(G66) ohort(K55) 8.4(K65) ion.oh. AoA21s p- decal 

~rent of AoC2 1 (!56) 
Fr 19 a. decay, )rent 

of Aoc2ll (G66 

At2lE A a(K33,G66) '"'10- 3 soo(G66); 7.79(G66) ion.oh.; Natural source, ThA 
216 

(066) short({54 soo )(K33) 7.64(133) ion.oh. ~- decay, )rent of 
Thc212 (K33 

Fr220 a decay, )rent 
of Thc212(G66 

At217 A a(E38,H69) 0.018 oeo(H69); 7.02(E38) ion.oh.; Fr221 
a. de~ay, parent 

0.021 sec (E38) 7.00(H69) ion.oh. of Bi213(E3S,H69) 

J.t218 F a(K5l) Several ooo(?)(KSl) 6.63(K5l) ion.oh. . Natural source, BaA2
11!!1 

~- decay, )rent of 
Bac214(K5l 

86 ""'211 B a(Jil46) Very short(lll45) 8.0(11145) ion.ch. R& 220 
Cl decay, parent 

of ThC'212(11145) 

1111121 a(lll45) Very short(lll45) 7.8(11145) 
221 

B ion.oh. 
Ra of ~2~~C~l4ti)ront 

""'21! A a(Sl46) 0.019 seo(Sl69) 7.l(Sl46) ion.ch. Ra 222 a decay, parent 
of Rac'214(Sl46) 

An219 A " 3.92 ooo(C60) 6.824(82%)(H8l,L73) Natural aotn•ce • .A.oX
223 

apect. ~.!~Y%Y• lctrent of 

Tn22C A " 64.6 oeo (CSO) 6.282(B70,H8l) speat. Natural source, ~24 

a. decay, parent of 
ThA216 

Hn22: A " 3.826 deys(CSO) 5.486(B70,H8l) speot. Natural source, Ra 226 

~~Y~Y• parent of 

87 Fr218 B a(lil45) Vo ry short (lll45) 7.8(lil45) 
222 

Ao a. decay, )rent 
of At2l4 (11145 

Fr219 A a(G66) -10-4 soc(G66) 7.30(G66) ion.ch. 
223 

Ao of A:21~(~6trent 

Fr220 A a(G66) -30 sse (G66) 6.69(G66) ion.ch. Ac 22
" a. dec!ly, paHnt 

of At216(G66) 

F/21 A a(E38,H69) 4.8 min(H69); 6.30(869) ion.oh.; Ac 225 a decay. parent 
5 min(E38) 6.n(E38) ion.oh. of At217(E38,B69) 
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Ieotope Class· Percent Typo of Half lifo EM rgy of Badia tion in llov Produood by 
z A Abundance Radiation Partiolos Y raya 

8? Fl2S A ~-, Y(P4l,P4~ 21 min(P40,P43) 1.20(P42,P41) a1.ah. 0.090(1.82) abs.Al Natural source, Ao
227 

(AoK) . a doba~£1'40), pa ront 
of AoX S 

88 ~220 A u(ll145) Short (1!145) ?.5(1!145) ion.ah. 
224 • 

Th a. decay, )rent 
-of Jiln216(11145 

Ra221 u(Ml45) Short(l!l45) 6.? (l!l45) ion.ah. 
225 

A Th a. decay, rrent 
of Jiln21T(Jil45 

Ra222 u(S146) 38 soo(Sl46) 6.5 (Sl46) ion. a h. 
226 .. Tb a decay, )rent 
of Jiln21B(Sl46 

AoX22S "• Y(R40) 11.2 days (C60) 5.11?(55%). 5.606(36%) 
22? 

A llatural souroe~ RdAo 
(L?3) speat. a deoay, Aol!: 23 

!:2t;•~Y, parsnt. of 

u-a-19a61 (0115) 
u-d-17a51 (0115) . 
·Nature.l source, RdTh

228 ThX224 A (1 3. 64 days (L7l) 5.681{870) speot•J 
5.66(C120) ion.ah. a decay, parent of' 

'!U220 . 
u-u-18a61 (Oll5) 
U.d-16&5& (0115) 
J.a224 K dooay{Gl47) 

Rs225 A ~- (E38,1169) 14.8 days(ll69), ...0.2(1169) abs • .UJ Th229 a. decay, parent 
l4 days (E38) ( 0.05 (E:58) abo. of Aa225(E38;H69) 

Ha226 A a, Y(C60) 1622 yr(A106,K125)J 4.791(L?S) apeat. Q.19(R40) Ha.tural source, Io230 

lS31 yr(C123) 1 a decay, parent of' 
1590 yr(C60) ftn222 

lla·227 A ~- Ra-n-Y • parent ot 
Ao227(Pl05) 

llsTh1228 A p" 6.7 yr(C60) 0.05S(L72) epect. • Natur&l eouroe, Th
232 

abs.Al :a:a2~S parent ·or 
2 

89 Ao222 B u(ll145) Short(lll45) 6.9(l!l45) ion.oh. Pa226 
a. decay, :rent 

of Fr218 (11145) 

Ao223 .. n(G66) -2 min(G66) 6.64{G66) ion.oh • Pa 227 a decay, parent 
of FJ-219 {G66) 

224 A n(-1Q%), K 2.5 hr{G66) 6.17(G66) ion.oh. Pa228 
a. decay, parent Ao 

(~so%)( G66 ) of Fr220 and ThX224 
(G66) 

Ao225 A a(E3B,I!69) 10.0 days (!Io9 ,E:!B) 5.80(B69,E38)_ion.oh. Ha225 f deoay{E38,1169) 
Pa229 " dooa2£11106) 
Parent of Fr 1 

(E38,1169) 
IJ-d-15a4•(0115) 

Ao22? 0.037(weak) {L82,P54) 
281 

A u(1.2%) (1'4~~ 21.7 yr(C69)J 4.94 (u)(1oo%)(11145) Natural source, Fa 
P54),{1.2 13.5 yr(C60) ion.oh. 1 4.95{a){B5%), abe.Al ~:~~, .. :r:::2~i (PU2), ~- 4.6(a){15%){G61) ion 

(99%rP40. oh. 1 4.95(a){Pl12) Ra227 ~- deoay(P105) 

Pl12 1 T,o" ion.oh. J very &ott 
(1.82 (~·)(1.82) , 

llaTh2 228 A ~-, y(cso)J 6.13 hr(C60) 1.55(p")(L6) apeot., Natural souroe, 
u(G40) 4.5{u){G40) abs.air llsTh1228 p· doca~, 

parent of RdTh22 · 

Th224 
. 

tr28 
" deoay, paron t 90 A u(ll145) Short(lll45) 7.2(11145) ion.oh. 

of Ra220(lll45) 

Th225 A u(ll145) 7.5 min(ll145) 6.6(11145) ion.oh. u229 a. decay, parent 
of Ra221(lll4.6) 

!'<1226 A u(Sl46) so.s min(Sl46) 6.3(8146) ion.oh. rJlSO CL deoay 1 ~rent 
of Ha222(S146) · 

lidA
0

227 A a, T(C60) 18.6 days (PUO), 6.049(2Q%), 5.988(25%). Na\:ural aouroe, ~t.o2.27 
18.9 dayo{C60) 6.764(20%l· 6.717 !:x~U'"• parent of 

(15%){L73 opeot. 
U-d•1Sah (0115) 

• 
Bd'fb228 A "• T(C60) 1o90 ;rr(C60) 5.418(83%), 5.338(17%) Natural source, 

(L?3) opeot.J 11s;!~!2:l~my~ 6.38(C120) ion.oh. u2~ " deoay (G 112) 
Pa22B X deoay(Gl47) 

Th229 .. u(ll69,1!38) 7000 .yr (1169) ~ 4.85(1169) ion.ab., if!SS'" deoay, parent 
...a.o yr(B38 N5{B38) ion.oh • of ~~a226(1169,BSB) 

Io2SO a, T(116S) 8.0x1o
4 :rr(ll124)~ 4. 66 (G41) abo .airJ llatural aouroe. Un 2M 

A 
8.3>:10~ ;yr(C60 4.81(1161) aalor., ~~~~a;y, parent ot 

4.66(C119,Cl20) ion. 
oh. 
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Isotope Cla11 Peroont Typo of llalf lifo Energy of Radiation in Mev Produced by 
z A Abundanoe Radiation Particle a Y rays 

90 ursl A p-, y 25.5 hr(KlSO)I 0.055, 0.2(Jl08) abo,All 0.035(Kl30) Natural souroe, Aou
236 . u.o hrf043)a -o.2(Eso) aba. 1 a. dealy, parent of 

24.6 hr C60) 0.21 (KlSO) Pa2Sl 
Th-n-2n (115,5128) 

Th2S2 A 100(1>45) " 1.39xl0
10 

yr(K50) S.98(Cl20) ion.oh.l 
4.20(573) ion.oh. 

Natural souroo(C62~S76) 
parent of l!oTh12 8 

Th2S3 A p - 23.5 min(5128) 1 1.6(5128) abs.Al llo Y(5128) Th-n-Y (Ml7 ,5128) 
23 min(C12) Th-d-p (Gll2) 

uxl2M A f, y 24.10 daya(Kl31)1 0.11, 0.20(F40) abs.Al; 0.092 (1160) (1%) (F40) 1 Natural source, U1
238 

(li60,F40) 24.1 dayof570) 1 0.13(572) abo .Al, o.092(J6) spoct. a. deoay, parent of 
24.5 days C60) apaot., oonv., 0.093(2o,C) ux2234m 

C.l90fJ6) opeot.; (852,879) apect.conv. 
0.205 879) opoot. 

91 Pa226 B u(l!l45) 1.5 min(lll45) 6.5 (11145) lon.oh. Th-d-8n, parent of 
Ao222 (11145) . 

Pa227 A u(-8o%), K 38 min(G66) 6.46(G66) ion.oh. Th~~2~~· .:·~~.~~7 "'20%)(G66) 
(G66) 

Np231 a dooay(G147) 

Pa228 A a(-2%), K 22 hr(G66) 6.09(G66) ion.ch. Th-d-6n, parent of 
{-98%)(G66) .t.c224 and RdTh228 

(G66) 

Pa229 B ""'0.1%), 1.6 days (Hl45)J 6.66(8145) ion.oh.l Th230 -d-Sn (Hl06) 
K(-100%) 1.4 days (H106) 5.4(ffi06) ion.ch. Parent of Ao225 (H106) 
(H146) 

Pa2SO A f (5146), y 17.7 days(Ol08); -1.1(0108) abs.A1 0. 94 (0108) abe .Pb Parent of u
2
·30 (8146) 

(0108) 17 days (5146) Th-<>-p6n(8146) 
Th230-d-2n (B106) 
Th-d-4n (8146) 
Fa-d-p2n (0108) 
Pa-a-an(0108) 
u233-d-an (B104) 

Pa2Sl a(Cso), 4 5.00~5%), 4.69-4.72 0.294, 0.323(1l70) UY
231 ~- dooay(5128), A 3.43x10 yr(VlOll; 0.095, 

y(8152) 3.2xlo4 yr( 042 (-l5%)(T34) ion.oh.; speot. oonv.; parent of Ao227 
5.049(R42) speot.; 0.308(5179) abo.Pb Th-d-3n (5146) 
5.012(87%), 4.736 
(13%)(Cll9) ion.oh. 

Pa232 A ~-. y'(Gll2) 1.32 days (Jl28) 1 0.14, 0.4, 1.0(Jl06) ab• 1.2 (J106) abo.Pbl Th-d-2n(Gll2 ,S146) 
1.4 dayo(Ol08,5146)1 Al1 1.1(0108) abs.A1 1.0(0108) abs.Pb Th-a-J>Sn(5146) 
1. 6 days ( Gll2 ) Pa-d-p(Ol08) 

-
Pa233 A ~-.r,e- 27.4 days(G12) 0.4(538) abs.Al; 0.084, 0.298, 0.309, Th

233 
;- dooay(S38, 

(H40,5128, o. 23 (H40) opeot.; 0.337(1.81) spaot. Gl2,B39,5128) 
lll08,Fl06) 0.5 (5128) abs.A1t oonv.; e- lines at llp237 a dooay(Ll06), 

-o. 7 (F106) spoot. 0.063, 0.077, 0.192, parent of u233 
0. 293 (B40) spec t. ; (8128,856) 
0.33(5147) abs.Pb Th-d-n(Gll2, 8146) 

Th-... p2n (5146) 

uz2S4 A p-. Y(F40) 6.7 hr(C60) 0.56, 1.55(F40) abs.Al; 0.70(F40) abs.Pb, W Natural source, 
0.45(839) speot. ox2234m I.T. (F40), 

parent of uli234 

~234m A p-, Y(M61); 1.14 min(C60)1 1.52(5%), 2.32(95%)(M61) 0.802(5%)(11!61) spaot. Natural source, ~ 234 

I.T. (0.15%) 1.22 min(Bl42) speot.J oonv.; 0.782, 0.822 ~- decay, pe.reot of 
(F40,B39) 2.32(572) a~s.J.l (832) apoot. oonv.; uz234 and un234 

0.396(I.T. )(B39) 
a:peot. oonv. 

92 u228 A a(8o%), K 
(20%)(111.6) 

7 m1n(1!145) 6.7(11!145) ion.oh. Th;:z~~(J"~nt of 

Pu232 a dooay(Jl32) 

u229 A «(z%), K 1 hr(lll45) 6.4(11145) ion.oh. Th-er-7n, parent of' 
(98%)(11!145) Th225(11145) 

uZSO A a(SH6) 20.8 doya(S146) 5.86(8146) ion.oh. Pa 
230 r decay (8146, 
0108 , parent of 

I Th226(5146) 
Th-C1-6n (8146) 
Fa-d-3n(OlOB) 

I Pa-a-p4n(0108) 
11-d-10az (0116) 

u2Sl B - K(Ol08) 4.2 daya(Ol08) Fa-d-2n (0108) 
Pa-a-p3n(Ol08) 

u232 A Cl(Gll2) 70 yr(J109}J 5.31(J125) abs.AlJ Th-a-4n (11115) 
&J yr(Gll2) 5.27(Kl22) Pa 232 p- doooy 

(Gll2, 0108) 
Pu236 " docay(J109 ~· 

parent of RdTh22 
(Gll2) 

Pa-d-n(Ol08) 
Pa-a-p2n(Ol08) 
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Iootopo Claas Percent Type of Half life llner~;r of liladiation in llev Produced b;r 
z A Abundance liladiation Partiolea Y ra;ro 

92 u233 ... u(Sl28,S55); 1, 62xl0
5 

r (BlOS) 1 4.825(838) ion.oh.; o.31, o.o8o, o.04o Pa 
233 r deoa;y(Sl28, . Y, e"(Sl88) 1. 83xlol ;rr (Ll21) 1 4.80(0110) abo.air (weak)(Sl68) aba.Pb, 855 ~6 parent of 

1.2x1o6 ;rr(Sl28) Cu,!1 'J'h2 (H69,B38) 

234 6 4,783(0119) ion.oh.; UII A 0.0051 " 2.35x10 Jr(0126,C54); Natura~ IOUJ"Oe 1 

(lrl.l8) 2.89x1 yr(N41) 4. 78 (875) abo .air; ux22 4m and oz2H 
4.78(877) ion.oh. ~; ~~~~~· parent 

.toTf36 o. 71 (1139) u, Y ( 817!1 ,MJ.W 8 4.398(0119) ion.oh.; 0.187(8178) aba.Pb; llatnral oouroe(D61), A 8.9lx10 Sr(Cll9); 
7 .07x10 yr(1141) I 4.35(Bll3); O.l82(111U) abo.Pb parent of UY231 
8.62x108 yr(Bll3 4, 34 (8114) ion.oh, 

u237 ... ~-, Y(M37); 8.8 daya('lll.07) 0.135, 0.35, (1.6?) o.u. 0.23, 0,53(Bll5) U-n-2n (1137 ,118 ,'111.07, 
e" (8115) (Bll5) abo • .ll; aba.Pb A101h. parent of 

0.26(1137) abo.;' Np237 (1172 ) 
0.17, 0.22(.ll01) U-d-t(Bll5,Al0l,J109) 
e.bs .Al, cellophane u-"·an{J109) 

Pu241 a deoay{Kl09, 
8144) 

u 238 A 99.28 (1139) . (I 4.5lxlo
9 

yr(ll4l)J 4.180(0119) ion.ch.; llaturo.1 sou roe (872), 
I 4.498xl09 yr(Cll9) 4.23(875) abo.air; parent of uxl234 

4.21 (S77) ion.oh. 

u239 A ~-, Y, e - 23.5 min(F107,F39); 1.20(F39,F44) abo.Al; 0.076, >0.3(weak) U-n·Y(Bl8,Hl4, Il,ll19, 
(F39) 23 min{Il,84) 1 1.2(Wl08,Ml08) abs • .ll; (Fl07 ,F39,F44) abo.Pb; 844), parent of 

23.2 m1n(W108); 1.12, 2.06(weak) 0.073, 0.92(8203) !ip239 (1128, 839,844, 
23.54 min(J1109) {S203) speot. apect. oonv., abs.Pb 8132) 

U-d-p(S131) 

93 lll31 A uM%), K 
Hs%) 

53 min(G147) · 6.2 (u)(G147) ion.oh. U-d-9n, parent of 
Pa227 (G147) 

(GU7) 

llp234 B K, Y(J109) 4,40 da;yo (H104) 1 1.9(H104) abs.Pb Pu
234 

K deoa;r(P102) 
4.4 days (010B) u233.d-n (H104) 

u235-d-3n (J109) 
Pa-u-n (0108) 
u233.a-p2n lH104, P102) 
u235.a-p4n J109) 
u235.p-2n(G131) 

llp235 B K(Jl09), u 435 days (J130); 5.Q6(a)(Jl30) ion.oh. No Y(?)(J109) u2
35 ·d·2a~J109l -

H>-1%) 400 days (J109) u233.u-pn H104 
(J130) u235. 0 -p3n (J109) 

llp236 A ~-. y(Jl09) 22 hr(Jl09) Parent of Pu236 (Jl09) - u235-d-n(Jl09) 
U-d-4n (Jl09) 
u233-a-p(H104) 
ij235-u-p2n (Jl09) 

I 

lip·d•t( JUO) 
llp-n-2n{Gl32) 
llp-o-an(JllO) 

llp237 A a(Wl07 ,1172) 2.20x106 yr(ill29,1192)J 4.72(Ll22) abo. mica,· u2
37 ~- deoay{Wl07 ,1172 

3x106 ;rr(WJ.07 ,1172) 4, 75{Gll3) abo .air; parent of Pa233(Ll06) 
4.73(Jl02) abo.Al 

llp236 A f, Y(S79)J 2.10(Jl26) 1 0.22, 1.39(J126) abs • .U; 1.2, o.076(Jl26) abo. Pa nt of Pu238 (S80) 
13-, Y, e- 2.0 daya {8131) 1.0{8131) abo .. \1 Pb, abs. of e-; u2~-d-2n (nos) 
(Jl07) 1.1 (8131) abo. Pb U·d·2a(S79 ,Sl31,Kl08) 

' Am242 Cl dooa}(Sl44) 
U-a..p3n(J109 
11-u-p ( Jl09) 
Hp-n-Y(Jl07) 
Hp-d·p(JllO) 

llp239 A tt. y, .- 2.33 days{'IIJ.08); 0.68, 0.33, 0.090(Bl25) 0.057, 0.061, 0.067, u2
39 ~- deoay(ll28,839, 

(Fl07, '111.08 2.3 dayo{ll28,11l9), &bSoJ 0.47(1128) ftbOoJ 0.206, 0.227, 0.275 844,8132), parent of 
11108) 2.35 daya(Fl07) 0.14, 0.40, 0.63 {8203) OpaOt• OOnViJ Pu239(8132) 

{Fl07) abo.AlJ 0.2094, 0.2280, U-d·n{S79,S131,Jl09) 
o. 78 {Sl3l,Wl08) abo. 0.2774, numerous u-... p2n (Jl09) 
All 0.288, 0,403, aoftor Y's(Fl08) 
0.673, 1.179(8203) speot. oonv.a 0.22, 
apoot. o.27(H25) apoot. 

oonv., apeot. 

PU232 u(Jl32) 22 llin(J132) 6.6(Jl32) ion.oh. u235 94 B -~7n, )rent or 
u228(Jls2 

Pu23<& A K(Bl04)(-9~ 8 hr(Bl04)J 6,2{Plt12) ion.oh.J u233 -o-3n(Hl04,Pl02) 

IF102); " 8.5 hr(Pl02) 6.0(Hl04) ion.oh. Parent of u230 and 
B104')!--l%) llp23<l(P102) 

{Pl02) 

""236 u(Jl09) 2.1 :yr(Jl09) 5,7{Jl09) ion.oh. 236 - ( ) A llp
240 

~ deoay J109 
Cm u dooal~Sl42) 
Parent or .u2 (Jl09) 

c ij235-a-3n (Jl09) 
u233-u-n (B104, Pl02) 

' 
u-a..6n(Jl09) 
llp-u-p4n{Jll0) 
llp-d•3n(Jll0) 
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Iaotope Claea Percent Type of Half lifo &!orgy of lladiatiol1 in IIOY Produced by 
z A Abund&llOO Badiatio11 Partioloo Y rays 

Pu237 K(Jl09) 40 dayo {Jl09) No y(Jl09) Tf35 
94 B -a~211(Jl09) . u-a-511 Jl09) 

Np-d-2n {JllO) 

Pu238 A a(580) 92 yr(8142) 1 5.51 (CllO,C70) aba.oir; Np
238 ~- deoay(S80, 

~ 89 yr(Jl27l; 5.5(8131) abs.air,Al; Sl3l,Kl08) 
40 yr(Sl3l 5.4.(Fl09) abo.Al; Cm242 a deoay(SU2) 

5.493(Jl0) iol1.oh. Np-d-n(JUO) 
U-a-411 (Jl09) 
u235-a-11(Jl09) 

Pu239 A a(K69), Y, .- 2.4llxl04 yr(S56) 5.15(CUO,C70) abo.air; 0.42, 0.2(weak){8170) Np239 ~- dooay(K69) 
(GlU) calor. J 5.1 {8132)abs.oir; aba.Pb; o.os, 0.3 llatural oouroe{8134) 

2.44xl04 yr(WllO) 6.16(Pl01) ol.oh.; (weak){Gll4) abs. U-a-311 ( Jl09) 
5.140(Jl0) io11.oh. Pb,Al 

Pu240 A a(Jl09) -sooo yr(Jl09) yield 5.l(Jl09) io11.oh. u-a-211 (Jio9) 

Pu2U A ~- (8144), a -10 yr (8144) o.ol-0.02 (~- )(Sl44) abo. U-a-n (8144, Jl09) 
{B126) m.o. (Kl09,8144) hydrocarbon Parent ~£~24l(Sl44l 

f.,..002%) and U (K109,8144 
(8145) 

95 Am238 D K(?)(J129) 1.6 hr(J129) Pu-d-3n (J129) 

Am239 B K(-100%), a 12 hr(8144) 5.77(a)(Jl29) ion.oh. 0.285(8144) abo.Pb, Pu-d-2n (8144) 
{-O.l%), .-. abs. of e· Pu-p-n(Jl29) 
Y(8144) Np-a-2n(8144) 

Am240 B K, Y, e- 50 hr(Sl44); 1.3{8144) abs.Pb, Pu-d-n(Jl29 ,Sl44) 
(8144) 53 hr(Jl29) abs. of e llp-a-n(81H) 

Am241 A a(8144) 510 yr(C129) 5.45(814:4) ion.oh. Pu241 ~- deoay{SU4) 

Am2fan A ~-(Al07) 16 hr(A1o7); 17 hr 1.0(Al07) abs.Al Am-n-Y (Al07 ,8144) 
(Sl44) Parent of cm242(8142, 

Al07) 

Am242 A a{-0.2%), ~- -400 yr(Tll4,S144) ~o.5(B-)(SH4) abs.Al Am-n·Y, parent of' 
(8144) em242 and 1ip238(S1H 

96 Cm240 A ' a(8U2) 26.8 days (SH2) 6.3(8142) ion.oh. Pu-a-3n(Sl42) 
Parent of Pu236(SH2) 

Cm241 E K(S142) 55 dayo(S142) Pu-a-2n(Sl42) 

c/42 A a(S142) 150 days (Sl42) 6.1(8142) ion.oh. Pu-a-n (8142) 
Am242 and Am242m ~-

deoay(8142 A107) 
Parent of Pu~38(8142) 

' 

' 
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