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ABSIRACT

Schematic dia(erarz of the decay chains for the fission products of
urenium and plutonium are presented, with half-lives of the nucliders,
brancling fractions, and literature references. The updated data were
obtained f-on a revirew of the literatrzce th:ough February 1967,

Th~is document has bc--n c-),,e~d
Ioz public relcas, oand cole; iis
distribution is unlimited.

0



SUMNARY

The Problem

Precise descziptions of the genetic relationships in fission-

product decay chains, as well as half-life values for the radionuclides

comprising the chains, are required for the calculation of the radia-

tion properties of fission-product mixtures.

Findings

Accurate knowledge of these properties is required in assessments

of the consequences of reactor operations and accidents, nuclear weapon

testing, and nuclear warfare. Updated inlividual radionuclide data

were obtained by review of the literature through February 1967. The

information is presented in schematic form, along with literature

references.
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INTRODUCTION

The neutron fission of uranium or plutonium produces several hun-
dred radionuclides, mostly beta-emitters, belonging to about 90 mass
chains. Calculation of the radiation properties of fission-product
mixtures as a function of time requires precise descriptions of the
decay chains, including the parent-daughter r- lationships of the nuclides,
the branching fractions where the chains are branched, and the half-
lives of all the nuclides .*

This kind of information has been generated and/or co.•ected at
this laboratary and utilized in computer calculations of fission-product
aburiances and activities for several years. An early version of the
decay chains was published in Ref. A. Many of the half-lives in that
version were estimated and some chain-branching fractions were arbitrar-
ily assigaed. Also, a sizable number of metastable stateE. among the
fission products were not known to exist at that time. The appearance
of Katcoff's (Ref. B) and Stehn'r. (Ref. C) chain data led to considerable
improvement. In 196 4 , a new version (Ref. D) of the fission-product
decay chains, based largely on the decay svhemas through 1963, in the
Nuclear Data Sheets (NDS), see Ref. F, was prepared for use in this
Laboratory.

The collection of new data has continued and a large number of
changes has accumulated since 1963. These were incorporated into the
decay chains, of which the latest versions are presented here.

SOURCES

The list of references is divided into (1) general references,
"which are cited by the letters A through F; and (2) numbered refer rnces,
which were sources of specific items of information. The decay chains
ana the data as presented evolved via References A, B, C, and the NDS

2> data sheets, except where indicated by parenthesized citations of the
s•ources in the specific reference list.

"*The independent yields of the nuclides are required as well, but these
are not treated here. Predicted independent yields for several fission
types car, be found in Ref. 71.

S~1



9

The data collected since 1963 which have been incorporated into
this presentation were accumulated by regular and systematic perusal of
peric~icals and reports in the nuclear science field. The pertinent

information tends to appear in a handful of major journals, as a cursory
examination of the list of references will confirm, and it is believed
that most of these were considered. A crosscheck with the 1964 and 1966
Recent References of lDS has provided welcome_ reassurance that no very
sizable body of publication was overlooked. Another crosscheck was
provided by the reference list (through 1963) in Herrmann's excellent
historical account of fission-product radiochemistry, Ref. E.

"Since most of the NDS decay schemes for the fission-product mass
chains (on which Ref. D was based) have not been revised sirnce 1961 or
earlier, the chain data presented here incorporate a large number of
more recently published values. M-any of the changes are minor, but some
are important. The reports on which the changez. are based have not been
subjected to the critical study and evaluation which the Nuclear Data
Group will eventually, provide. The chain data as presented here should
therefore be regarded as an interim summary, subject to further emenda-
tion and amplification.

The intention was to include in the chains all the products, includ-
ing isomers with half-lives greater than 0.5 seconds, known to occur in
the neutron fission of uranium and plutonium. Mass chains lower than
mass 72 or higher than mass 161 were disregarded because of their iuisig-
nificant contributions. Many of the short-lived nuclides at the begin-
nings of the chains have never been observed in fission products, but
"thair presence is predicted by the models of charge distribution. Some
of thov shielded nuclid.es '? yn at the en•ds of the chains may not be
jgduced In detectable amounts. However, very small yields of 8 6 Rb and

SCs have been repcrted7 0 and it seems possible that similar shielded
erd-,iembers in other chains will eventually be identified in fission
products.

Some important gaps in the information remain. The lack of half-
life values for short-lived early chain members is conspicuous. Almost
all the chains begin with a few members whose half-lives are only rough-
ly estimated at best. Estimated half-lives awe marked with an asterisk
and are mostly taken from Ref. A. Experience has showri that they may be
in error by several orders of magnitude. Branching fractions are fre-
4uently unknown or are uncertain, Darticularly in the more complicated
chains. Estimated branching fractions, also asterisked, are usually an
arbitrary 50-50 splitting, but in a few cases have some basis in reports
of fragmentary or incomplete studies. It is often unknown which of two
states of a nuclide is the ground state. For calculp-iona1. and schematic
purposes, distinfuishing symbolism is desirable, ... cheless. Therefore
arbitrary assignmients of "metastable" and "ground" states were made in
eases of uncertainty.
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The relationship of several -hott-lived states to the fission pro-
cess and to the chain-decay path (or paths) is unknown. On the other
hand, most of the longer-lived chain members have been well character-
ized and their positions in the chains are fairly certainly known.
However, some exceptions exist. It is not clear, for instance, whether
the mass-9 8 chain decays mainly thraoigh a 51-minute or a 2-minute isomer;
or, indeed, whether either of these half- ives is correct. Certain
chain-decay features, once regarded an well established, have required
important modifications. For instance, until recently the mass-117
chain was believed to decay partly through a 3-h1•r -7mCd and partly
through a 50-minute ll7gcd. Now both ismers of Cd. are known to have
half-lives near 3 hours, ',' 34, 44. 59, G0 (The further decay pathways
of the mass-ll7 chain through two In isomers aid ivo Sn isomers remain
uncertain.) Similarly, :-he repcted 1-hour •taite of l2 9 Sn recently was
established as one of about 6 minutes.40 It in qutte j)cssible that
further important changes of this kind may oncastonilly be necessary.

NOTATION

The decay cbailjxf tre represented ira the conventional symbolism
with arrows indicat.ing ns.rent-daughter relationships. Branching frac-
tions are written along .he arrows where chain branching occurs. Half-
lives are written below the nuclides, with ebbre%7ations of for seconds,
M for minutes, H fic hooirs. D for days and Y for years. The numbers in
parentheses which eacompany some of the data refer to the sources in
the List of References. Half-lives and branching fractions marked with
an asterisk are estimates (see preceding section).

The arrows ordinarily indicate negatron decay but in a fer cases
(1 2 2 gSb, 12bI, l52mEu and 152gDu), where the direction of the arrow is

reversed, either positron emission or electron capture, or a combina-
tion of the two, occurs. Decay by neutron emission to the mass chain
of next lower number8is indicated by dotted. lines for 8 5AB, U7 Er., 8 8 Br,

89Br, 9Br, 137i, 138I and 1391. Since neutron emission is immediately
preceded by beta emission, these lines terminate at elements of higher
atomic number. The unsubstantiated possible decay by neutron emission
of one Sb isotope ( 1 3 5 sb) is indicated by dotted lines and the symbol
(-n?). Decay by alpha emission has not ',e-m indicated. The only
-ssion-product mass chains which termirate in alpha-emitters are 144

(Nd, half-life of lO15 years) and&17 (em, half-life of 101 years).
The shielded nuclides 1 52 Eu and 1 Fnm, which may be produced ip very
small.. quantities docay partly to the alpha-emitters 1 5 2 Gd( lOl years)
and 14OSm(5 x 10 years), respectively. In some cases where isomerism
occurs, it is not certain whether one of the isomers has a precursor or
what its daughter nuclides are. In such cases dotted lines and question
marks indicate the missing. information.
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SCHEMATIC DIAGRAMS OF FISSION PRODUCT DECAY
CHAlITS: MASS NUMBERS 72 THROUGH 161

4

0~J

"t,4



72 _ 2 7, 72 72. ,. 72
co ma -- a cu -.- Zn Go-. ---- a-

*3-5 *1().- 3t.5 5! V '1.1 H Stable
(70)

713'z;e

0.53 s

73Co _.....73t1u 7 3Cu . 73Zn _--- *2.0 S *7.0 2 _. 0 1k 4.6 H .

2 l N 73 7re

Stable

74 714 714 714 71* 71474Co __ i __-_ - cu -------.- -Zn Gs-2 -. Ge
--- .5 S * .0 1 * .5 11 7.8 !. Stable

575•e

s/ •49.o s

75co -___ . -75N . 75Cu 7-__7Zn _- •75GCa 75As
*2.5 3 *9.5 S 2.0 m Stable

(92)

75gp
"Ge

82.0 M

76 76 76 7A 76 76 7_ e
7Ni Cu Zn Ga Ge As Se

- 2.0 S *P.,0 32.0 S Stable 26.5 H tt.ble
(12)

( r nmne -a7roae
51 -C 17. S

77 77 77

7Nt --- 7Cu .--- 77n "17qao•h

- - * 3 •. 5 s * 3 .5 .q* 1 .0 s ?: . • I

7iGe Ig

13 .3 H Stable "

(a) Branching to 7rSe and itG TI/? ae rmNS



78 78 78 7_ 8 7_ 78
lii .......b Cu .... 4.- Zn ' a .- . Ge I Se

-- *2.5 S *8.0 S 15HStable

91.0 M

(a) Decay of 78Ce according to Ref. 84.

79rom
7~Se

3.89 m
79% _ -_.79Zn __79Ga ___..79Ge __._ 79AS 79B
--- *1.5 S *4.5 S *25.0 S 9.0 M Stable

79gSe4
6× 10 Y

0Cu--- Zn --- &. Oa -- - 8Ge ' O s - - Se

*1.5 3 *3.0 S *25.0 S 15 S Stable

81me

57.0 M

81 8 81 1 818181Cu 81Zn .__ 81Ga Ge - 81As Br
---. --- *2.0 S *7.0 S 33.0S\ Stable

81g Se

18.o M

82M Sr

82Br82Zn -& 820a 82 8e(2 As----8? S NI Kr

*1.-5 S, *5.0 b, *18.0 S Stable C\tal

35.9 If
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83rS 83mKr

69.0 s 114.0 M

2¥

838Se 833Kr

25.0 M Stable

84m
SBr
0.o

84 Ga 8- 4 Gae Ge -As 84Se - 84gBr A---84Kr

--- "1.5 S 4.0 s 32.0 M Stable

I 84mBr(a) Ref. 14 sttes that the precursor of Brdecays mostly to (1h4

32-M isomer.

I

371 '85mKr

8Ga.. 85ce 15AS --As . 8 e Br 85Rb

*1.5 o.43~ S 3.0 M 32.0 M Stable

(14)

10876 Y

(85).

0A1

"Ga -.. "G -- As --ea-B S-a-- Br 6Rb
*1.0 S 06.43 S 53 S 3.0blM Stable

(131.04 -,1
860e 86  86S 8 B 86 8

18.6 D
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r 86K

Stable
0

K .G e . .. A s 8 S e B ----- Rr S r.1 0

*1-5 S 16.o s 55 S 76.4 m 5.22 xl100 Y Stable
(36) (n) (42)

A
I

0.07

8' 0.938888oGe---- As --- Se -. &-- B'r - % r ---- Rb -- *Sr
---. *2.5 S 16.3 S 2.8 H 18.0 m Stable

4
0.118

16.o s
I(a

8As-.-89Se --- 4 8 9Br 0.882 8 9Kr -_--89Rb 89r

*..o S4.4 s 3.2 M 14.9 M 51.9 D
(58) (19)

89gy

Stable

4k (a 89Sr branches < 0.01 € to 89my,

rb89Kr __89Rb - 8 9Sr 16. jos

0~8) (19) 8 9gy
Stable (a)

HI-
\.nI 3.1H0 -

0 .85 90 90Zr
9As - 9OSe - 9OBr- 9OKr -- 9Rb Sr Zr
-. 6s 33.0S 2. 91 M 28.1 Y Stable

(57) (8)

90gql

64.5 HI
(51)

(a) 90m is not the daughter of 9OSr, see Ref. 18.
K> 8y



91MRb 91 mny
14 M 50.0 M

9 1 .Se-- 91Br 91 Kr \ 1Sr 9 1 Zr
7- --- 2.OS *10.0 3 / 9.7 H,4 Stable

91 a) SF

72.0 S 58.8 D(24) (22)

(a) Assignment of the short-lived isomer to the ground state follows an
NDS sugestio.

92S. 9 2 Br T92 r -__
9 2 Rb __ 2 Sr _ 92 92 Z

*1.5 S 3.0 S 5.3 S 2.7 H 3.6 H Stable 93mNb

13.6 y

93Se __- 93Br ___ 93Kr -93Rb ___ 93Sr _.93y 93Zr
2.0 S 5.6 s 7.8 M 10.0 H 8.5 xl05Y

(46)

93gi•

94mNb Stable

6.6 m

94 90 94
9 4Br----. Kr ---- 94Rb ----- 4Sr ---.- Y --- °r (66) Mo
--- 1.4 S 2.9 S 1.3 I 20.0 M Stable Stable

9 4 Nb 4

2 y :0W Y

95mNb

90.0 H

9 5Br _95Kr __.95Rb - 95Sr __-a95y . 9 5 Zr 9 5Mr-o
. *2"O •3 0.8 M 10.O m 65.3 D Stable

(63) (19)
95

cNb

35.3 D
(19)



"Br 9Kr --_9%Rb S-9r r9 91 __96
. *1.0 S *2.5 S 2.3 M Stable 23.0 H Stable

• ~ 97Kr _ 97Rb _•978r -- 97Y -- 97Zr () 197M°0
*1.5 *55.0 G 17.0 (a Stable

• ~97g~

73.0 M4

(a) Branching fractions, suggested by the 0,DS scheme, are approximate.

S98M Nb

51.0 M(")
98r 98Rb 9Sr 98-- 9 8zY - Z, 980
---. .-- *1.0 S *2.5 S 0.0 S Stable

'Nb
0.0 14

(a) The 51-M Nb has been observed, Refs. I and 37, but is not the daughter
of 9"Zr. The 2-M isomer is postulated in Ref. 1.

7~1O o*~ 6.0 11
9 9 Rb _99Sr 99Y ---- , '9Zr (16) ?w•99mo 99o

-3.0 5 *1.5 S 35 S 5 H Stable

99-I~ Q.3  99

I. 9Mb 99Te 5

2.3 M 2.14 y 1o Y

(39)

100 100 100 100 100w 300 100~sr Y - --- zr -. _- •b --. Te Ri
',table

(ri) fi ) st,, both ,, -- wind A 11 .11 , ¶h -'t~i , ý.it r, pee-tn thy may be
t~bn , ie.

01 13101 101 10. 03 10)
Sr O y ---- Zr M_ , )I __ , Tc _ O Rix--- * . 2.5 ,*. 1.0 M Ill.(, 1 4h.O M Stable

10



102 102y 102 10• 1--. . .. . -2 .0 S "7 . 0 s i i 5 M R u t a l

5.0 s

10 3 (a) l0 3 Rh
5-3 11 \ 57.0 M
(73) '7.

103Y 103Zr -- 0 3 1fb 103Tc 103 _ u
*1.5S *1.OS ? 5OS 39.6D

(72) (19) o67
1O3 Mo IO39Rh
62 s Stable
(89)

(a) Ref. 73 reports 0.056 % yield of 5.3-H l 03 Mo in 14 -Mev neutron
fission of 238u.

lO4 mRh

4.14 m104y--- 104Zr __ l b 1 -e- 104 o I0 1/ 104 lOd
S*3.0 S 1.6 M 18.0 M Stable Stable

(75) 104g Rh

42.o s
lOSm~h

ý551 38.0 S
10y--15 105 105MO -105T .105u *lO5__ lO5• _s1oNb -.- 1°o -- Ocd _ou I
--- *2.0 S 42 S 7.8 M 4.4 ( () Stable

(8) 89 3• 1 Rh

35.4 H
(27)

1061~h

io6_. 1•0o6 106,_ 106O 106 106 2.2 H 106
*1.5 S *4.0 S 37 S 368.81) Stable

(89) (19) '106eRh/

30.0 S

11



10Rh7mm. 17÷lTRh 1iOf Md 1O7MA
<iO S 21 S 44 s

107r 107 1071., 1 0 7 Tc 107' (a) I
-- *0 s *2.5 S 29S 4 .2 M

( 8g) (55) 107% __ l 7 9 7%

21.7 M 7 x 106 Y Stable
(55)

(a) Katcoff, Ref. D, shoved a 45-S 1O7Nh, referencing Coryell in a 1955 MIT
report. However, NDS in 1960 stated that -o short-lived isomer had been
reported. In 1962 Pierson, Griffin a'id Coryell, Ref. 55, found only the
21.7-M state, but postulated that a < 10-S state, decaying by a strongly
converted I.T. to the ground, existed. The 4.2-M Ru should decay mainly
to one or the other of the Rh states but it could not be predicted which.

1Ozr l0&ýb __".10 _ 108c __lO8 _ lO8Rh 18 0 108P

---. .-- *2.0 S *1.0 M 4.514 M 6.8 s Stable
(55) (55)

109m 109mp 109mg

S.. ... *L. S 2. S 16. S /• 09Rh-- lOgd 109ýAg50.0 S 4.7OM 39.0 S

1lOZr --- o10 9Nb - llMO lOu•10 9Tc 1 0l'Rh
--- --- *2.5 S *2.5 S *16.oS s

*0.0S lo9g l.i g.l109%

30.0 S 114.0 H Stable

111010bllm 110~ -110~ 110C~ 110 P

llNb- ll- Mo III-Tc -.--- IRu - lllRh-"-'" od

*1.0 S *2.0 S *10.0 S 5.) S Stable

----- *1.5 S 3 .0 S 170S 21.0 CO S. H Stbl

12



113m., 0.005. 3 113m

1.2 M 13.6 y 1.7 H
13No -

113T ~ 1 1 3R 11311 110 (19) 0Nj
---. • , 3 * 4 . o s 1 .4 m

113%~ 11l39Wd .__•all3gIn
5.3 H 1o1 5 Y Stable

114 Mo 114 Tc 114 R 114 R 114 1d--. 14 Ag 114
IIMo ._ n Tc __ Ru: __ Rh ___ N1• _ . Ag __ llcd

---..-- *3.5 S *3.0 S 2.4 m 5.0 S Stable

3-15 315p 11 5h

Tc -. u __, Rh _40

*i.os 4*2.5 S

115mAg *O . .4 U5d 13 5m;

f20.0 S 43.0 D 4.51. H

I /Jq0

"".15% 0.91 o SCd 3-5oa

21.O M 53.0 H 6 1O4y

i l 6 T c _ _ 1 6 • . 1 1 6 h -- - - 1 6 p r '•6 A ( _ _ l 6 c d

S*2.0 S *10.0 S 2., M Stable

13



1.17 1.173-7, ---. n7Ru - Rh - ~ Pd
---. .-- *1.5 S 4.5 1

(3)

S(64) (65)
117 9Wc o.4+4 117MIn 0.001 117%n
3.1 H 1 9 H 14.0 D

()(64) 0./

(90) /
S'd 1179 117

[ llT~17ýd Ilgn , _. 7 'Sn

2.7 11 38 M Stable
(641)

(a) Other versions, considerably different and equally plausible, could be
constructed for the mass-117 chain branching from the available data;
e.g. Refs. 33, 34, 59, 60, 64, and 65.

(a)

4.7 M

118 RU 118R 118 Pa 118 Ag ,118 Cd 0) 18S
Ru-.._ iiRh ___ Ri8 __. liAg 1l.i~• s3

--- *1.5 S 2.5 S 3.5 S 491 Stable

118gn/

5.7 S
(bi 4)

(a) Ref. 21 atates thbot 4.7..M l8mjn is not a daughter of 118cd.

14

14



11ng•__ 1n~h _,119rd
*1.5 S *3.0 S

(68)1~In 0.50 imfllgmncd ligm In 0.5 !9MSn
•. 2.7 M 22.6 m 245 D

(4(a)

"*17.0 S

l.ggCd llgIn lggsn

3.9 M 2.8 M Stable
(90) (44)

(a) Ref. 90 proposes a very different scheme for the Cd-In-Sn branching in
this chain.

120mn
3.21

120 120 F - 120Ag 120 Cd (5) " n--- "2.O S 46.o S *12.0 M Stable

47.75 S
(43)

12 1mIn (a) 12mSn
5 3.1 M 76.3 Y

121 121 i21 121 (79) (19) 1
-- *L.5 S *14.05s 12.8 S Stable

(91)

""121gIn 12_gSn
30.0 S 26.85 H

(83)

(a) In and Sn chain decay from Ref. 4.

122rain 122mSb
7.5 S 4.15 M

122 F .-.w- 122A . 122Cd (45) "--122sn (5) 122 e

*1.5 S *3.0 S *14o*Q s Stable 0 -3 :ý Stable

122g In 22gSb
*45.0 S 2.8 D

15



123min 123mSn

6.o s12D
1~-.. ~ ~ (83) 2 S

123pa- --ol3g .C ý 123S
. *25 S *9.0 S Stable

S 12 3 gin 123gsn
In Sn

10.0 S 41.O M

124 mn212Sb

21.0 M
I (41)

124 124 124 1 n24 124 (s 124m 0.20 -124Te

--- *2.0 S *i0.0 S *20.0 S Stable 1.6Stable

(44)

12 4 g4b/

59 D
'44)

125mn 125mTe

125 .5  9.7 M 30 58.0 D

12 .------ 125 ._ 1..2 51n

*2. 0 S *5.0.S *15.0 S.,,% ,281 Y

1259Sn125Z~e

9.7 D Stable
(52)

126my1&Sb

19.0 M 0(47)

126A 126 126 126 r. 52T
Ag- 6Cd - ~In Sn _ i

--- *3.0 S -7.0 S 2 y 105 Y ! • Stable
J-6Sb

12 5 D

16



127n. 1 2 r2Te°. ,,,,/';..•-.', 109 cD o 0
O* (1 )X~ ~(29) 0b

]?-7Ag -.-. 27c4 31--2 7 m() 1 14

*1.5 S 3.0( 93.0 H s. Stable
(6) 

ý
o .

1 2 7GSn 17~
2.25 H 9.3 H
(7)

U.•' (a) The In and Sn portion of the chain decay is aczordinr to Ref. 7.

128m
Sb

I, 125• '"'. 12M 0,065 128 109
16Cd 128In -- '-W2 Sn (4)I2Te -I21-- 2X

*1.o S *2.3 S 57.0 M Stable 25.0 M Stable

0

28Sb
9.6 H
(44)

129m, 12roe 129mXe

72.0 M', 32D 8.0 D

129q .._.1 2 9In (a) 12 93b Z4O-- 129.1
*1.5 S 4.5)H 1.6 x 107 Y

12gg 129gXe

S6.2 M 68.7 M Stable
(6) (44)

(a) The 1IDS 1961 sheet gives 1.8 H for T112 for 1 2 9Sn. Hageb$ et al., J. Inorg. rue.
•m. 24!_, 1301 (1962) reported a 1.0 H and an 8.8 M state. Dropesky and Orth,
Ref. 6(1962), found only a 6.2-M state. Chu and Marinsky, Ref. 4o (1966), showed
that Hagebo's 1.0-H isomer was an artifact and at the same time reportad the 2-M
isomer. It is not stated whether the 2 4M or the 6.2-14 isomer is the ground state.
The assignment here is arbitrary.

o6" 1 30mSb• , ~ ~3 5 .6 M • . .
130Cd -- 130 1n - 130sn (44) 130Te 1301 --- 130Xe

*1.5 S L.6 M Stable 12.3 H Stable

z (29)

130gSb

12.3 M
(44)

17



K0
13lmsn 131mTe 13mxe

X 1z.6 H.., 30.0 HQ• y 11.8 D
n. (29)

131 131 -13o 131

--- *1.0 s 25.5 M o 8.05 D

"1319s - 131. 131 l /

1.32 M 25.0 M Stable

(77) (32)

13 2 Cd __132 In ____-0 1 3 2 Sn 1 3 2 Sb 1 3 2Te 132 1 e132e
S--- 1.0 M 3.13 M 78.2 H 2.38 H Stable

(77) (9) (29) (47)

133mTe ! 3 3MXe

50.0 I 02.3 D

1331n 133Sn _--_r133:Do 1331 1330s

--- 55 S 2.67 M 20.3 H Stable
(77) (77) 0

l 33 gTe 133xe

12.5 M 5.27 D

134 mc.

(76)

13 1 f 34 14 i~41344134In - 13 Sn - 134 Sb -- 1Te -- 1I --- Xe 134Ba

--- 20.0 S 11.1 S 42.0 M 52.0 M Stable Stable
(37) (61) 1 (29) 1349

2.10 Y
(19)

(37)(82) l 3 5mxei "• ]5.3 M
I

1 3 5 135Te ---- 135I 13500 6 135Ba

--- 1.9 S 11.2 S 6.7 H- 2 10 Y Stable

(io) (61) -2 35
135,ýX

9.14 11
(29)



136 13b 6 136 136e 136C 136
Sb - ~~Te-. I-- e -Cs .-.. Ba

*3.0 S 33 S 83.0 S Stable 13.0 D Stable
(62)4

0.04 r4 7 n~- - - , p.55 M
(49)

137137 137 0.96 137Xe 137Cs
Sb-. Te- I-Xe- C

--- *3.0 s 24.4 S h.2 M 30.0 Y
(48) (80) I

Stable

0.03

!I 0.97 83 3L 138de
138 b 138Te _----1381-3-- 13 8 0cs ------- 1 10 C
--- *2.0 S 6.30 S 14.1 M 32.2 M Stable 1.1 x 10 Y Stable

(88)

0.04

139Te 1e -.. 139 139es 1393a
2.0 S 41.0 s 9.5 M 82.9 m Stable

(56)

140Te_ 1401__ 140e__ 140C8__lO _1% _ 140cK1 4 0Te 1 4 o1 - 140Xe 14o Cs 14o Ba l~oLa 14o~ Ce
-- 1 *15 S 16.0 s 66.0 s 12.8 D 40.2 H Stable

14 1 141Xe ___4.llcs -__-o141Ba --- Wla 141Ce 141pr
--- 1.7 S 25.0 S 18.0 N 3.90 H 33.0 D Stable

(56)

1421 _--1,2Xe 14 2cs 14 2Ba 142La ____.142Ce
- 1.5 S *8.0 S 11 M 92.5 M Stable

(69) (56) (56)

113 14 _l __l3Cs .. 3Ba '1 w La 143Ce -- 3pr *. 14 3Nd

1.0 . *2.0 S 13.0 S 18.0 m 33.0 H 13.6 D Stable

:(12)



144 xe ------ -144 Cs ___,lh4Ba ý _ 14i5e 1_5hpr lid--- "1.5 S *3-5 S *15.0 2P.• D 17.3 V' (a)

(a) 1l44TIC is an alpha-emitter with half-life of aoout 2.h y 1015 Y, avcordtn,ý to

Ref . 50.

1455Xe I 5Ca ._._ - a 5ce ._Pr 4 5Nd
*1.0 S *2.0 S *9.0 S 3.0 1.1 5.98 H Stable

(86) (86)
l46xe .___4ý. 146% Cs .146 _.. 1a 1h6-Cc - 146___- , ___ id o. 0.9 146 0.31 l146S

*1.5 S *,. 0 S 13.9 N 24.4 m Stable 5.53 Y 1.2 Y 10 Y
(87) (a)

(a) The long-lived 14 6sm decays by alpha emission to stable 4211d.

147 1147 147 147 147 147 1147 147
Cs - Ba ---- 0 La ----- Ce c Pr -a--- Nd -__ -*- Sm

(22)--- *i0.0 S *2.0 S 1.2 M 12.0 11 11.0 D 2.6 Y (a)

(a) 147Sm is an alpha-emitter with half-life of about 1011 Y.

14 8 m P

43D D

148s 148L 148 1148 14 8 1481 048"a'a---C>"%o,°1 (a) 18s
*1.0 S *2.0 S 140.0 S 1.95 V' Stable j Stable

5.4 D

(a) •48mPm Tj and branching from NDS.

1149 149 __1111 1)1, 1149 14f 1

tBa ý 9La _ . Ce _ _ Pr --------- 0 'Nd . pm 1 sm
--- *1.5 S *3.5 q Y30.0 S 1.72 F 53.1 F Stable

(23)

15OBa 150La .•s 50Ce _ 1501 -- 0 5ONd 15Opm -b-lOsm

*1. 5 S *.5 S 15.0 S Stable 2.7 11 Stable
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151 Ce 1 51 Pr 1 5 l1 d 151 in __ _ 4151 _ _ 1 51 E

*1.0 S *2.0 S *7.0 S 13.0 M 27.8 H 84.0 Y Stable
(22) (19)

152m..

S9.3 H 0
152 152 1521d 152 __ 152S. 52a

15%L 3 5 Ce.-. Pr----~ --- ~ i " 152(ad-- "*1,5 S *5.0 S *3.0 M 6.0 m S-able ()

°2 152g E

13.0 Y

(a) 152Gd Is an alpha-emitter with half-life of about 1014 Y.

153La__ 15 3Ce _ 5 ¾r 153 153  53_ 1 53Sm 153E
*1.5 S *3.0 S *18.0 S 5.5 M 46.5 H Stable

(22)

15 4 C 15 4.15 4 Nd 15_ 4 _•54ls 154 154
Ce P ------ Nd P SmEu- Gd

*1.0 S *2.0 S *12.0 S 2.5 M Stable 16.0 Y Stable

155Ce 155pr ....__ 15514 ____155p 155 __ 155E __.,.155Gd

--- *2.0 S *5.0 S *60.0 S 2h.o M 1.7 Y Stable

15 1 56 _.156 _156 5615
15Pr ---. 5Nd Sm.1'p -- 1ýl_. Eu _-,16Gd

*1.5 S *4.5 S *25.0 S 10.0 H 15.11 D Stable
(38)

157pr _ _ 1 57 Nd 1 57pro .___-.157Sm 157 E ____.6.15'lCd
--- *3.0 S *13.0 S 30.0 S 15.15 I; Stable

(38)
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158 158d 158pr 1585 _ 158EU 158C
Pr -1 -~S ----- -* G

--- *2.0 S *6.0 S *15.0 M 45.7 M Stable
(38)

15911 159s 159• 0E -- 59l_ 159T

*1.5 S *3.5 S *14.O s 19.0 1' 18.56 H Stable
(54) (38)

S16o _ l 16opn _-__ 16O s --- 16o Eu I_ c 1 6oTo ___ 16oi&
--- *2.5 S *15.0 S 2.5 M Stable 72.1 D Stable

(12) (22)

161 16' 161sm _ 161 Eu 161i 1_ i61Tb __g161Dy

--- *2.0 S *4.0 s *22.0 S 3.7 1M 7.3 D Stable
(53)

/•

r4.
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K€
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