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. A COMPILATION OF THE NON-RADIQACTIVE NUCLEAR PROPERTIES . 3 Page 3

OF THE NATURALLY OCCURRING ISOTOPES* “

Introduction

The following tabular list of values has been compiled mainly from the sources given below, and has been
brought more nearly up to date by abstracting appropriate periodicals for the period January 1, 1947, %o October 1,
1948. No claim is made for complete inclusiveness of this information, but it is felt that with very few -excep=
tions this compilation presents most of the published data on the nuclear spins, magnetic moments, and exact masses
of all naturally occurring isotopes known up to October, 1948. It is believed that this is one of the first attempts
to bring all this data together in one place so that the concurrence (or lack of it) of previous authors and com-
pilers on given values for each isotope cen be noted conveniently, and different values compared.

The purpose of compiling the data which follows was to collect this information preparatory to entering the
most authoritative values for the messes, spins and moments onto the wall type "Chart of the Isotopes™ (Rm. 113,

Bldg. 5, Dr. G. P. Seaborg's office), photographic copies of which are soon to be made available.

Until substantial future changes and revisions occur, all values now in the chart mentioned above can be supe
ported by literature references by referring to: (1) The "Table of Isotopes" which appeared in the Ocpober, 1948,
issue of Reviews of Modern Physics, and (2) this compilations '

For the sake of completeness, the percent abundance of the isotopes in nature has been included in this list
under column three. This data wes taken from the "Table of Isotopes™, compiled by G. T. Seaborg and I. Perlman in
Reviews of Modern Physics 20, 585-667 (1948). For further completeness, elemental cross section values have been
included in colwm one of this list, and isotopic cross section values have been listed in column two. The latter
values represent thermal neutron (v = 2200 m/sec) absorption cross sections, (/) in units of barns (10-24 cm?),
This date was taken, for the most part, from "Thermal Neutron Cross Sections for Elements and Isotopes, H to Bi"
by K. Way and G. Heines published as AECD-2138 (declassified July 23, 1948).

An asterisk (*) following the letter symbol (or parentheses around the value given) denotes that uncertainty
of the value given has been indicated in the reference or in subsequent work. Where a naturally occuring iso~
tope emits radiation, the nature-of such radiation has been given in parentheses immediately following the isotope
listed in column one. Where several measurements have been made of the same isotopic property, generally the
order of listing vaelues in this report is such that the first values presented are either (1) the most recent ones
published or {(2) the ones which most previous compilers have accepted.

The letter symbols and corresponding references which have been used are:
A - This denotes concurrencé of all references gmiven below on a given value, omitting B. (This reference
(B) is omitted from "A® since it takes up only the exact masses.)

*+ A very few artificially produced isotopes have been included in this compilation for the sake of completeness,
and because soms of their non-radiosctive nuclear properties and their respective values are significant
and/or commonly used.
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‘Bainbridge, K. T., Isotopic Weights of the. Fundamenta; lsotopes, Nuclear Science Series, Prellmlnary

Report No» 13 Na+10na1 Research Council, D1v151on of Mathematical and Phy81ca1 Sciences, November, 1947.

Feld; B. To, huclear Eleccr1c Quadruple Mbments and Quadruple Coupllngs in Pb;ecnles, Nuclear Science
Seriss, Prellmlnary_ﬂeportNo° 2’ Natlonal Resea:ch Councll DlVlSion ofwﬁéthematzcal and Phy51cal
Sciences, September 1948. o

Goldsmith, Ho, and M. Hamermesh, “Table of Nnclear Splns and Moments' ', in Conference on Nuclear Splnd
and Maynatic Woments, Brookhaven National Laboratory, August 19, 1947 (notes by Prof. M. Hamermesh), in-

formation and Publications. Division, Brookhaven hatlonalfLanoratorv (Atomic hnergy Commission Report BNL«Cu)h

u011sm1ths H. H., and De R. Inglis, The Properties of Atomic Nuclei I. Spins, Magnetie Moments, and E&ec-
trical “Yuadruple Moments, Information and PUbllOatlonS Dnv1bwon, Brookhaven Naticmal Laboratory.

{AEC Report BNL-IS) October 1, 1948, ' ,;

- kd

Kelloyv Js B., and s. Millmang Reviews of Modern Phys1cs, 18 323 (1946) (See the Table on page 348)e

Mettauch, J., and S° FlueggeE Nuclsar PhySIGS Tables and an Introductlon to Nuclear Phy:lcs, Interscience
Publishers, Inc., New York, 1946. 173 pp. and 8 plates. “Tbopyrlght 1942, Sprlngeruvérlag, Berlin - QHG:
Reproduced through the Us So Alien Property Custodlane)

Meggers, Wo F., Journal of the Optical .Society of Amerlcag 36, 431 (1946) (These data tables are usedr
in the Welch Pericdic Chart and accompany1ng key. No velue for. the experlmental error is given.)

Massachusetts Institube of Technology'staff Notes for Seminar in Nuclear Sclence and Eng1nee*1ng; Appendix
A (8u44), 1946c (Dr. E. Segre appears to use these and "Project . Handbook"’mass values for his Isotope Chart.)

"Pro ject Handbook, Metallurglcal Laboratory Project Report CL-697, Volo 2, Chapter IIIA, Revised Edition,
November 1944 (Masses in Section 2.1, ppo 5-9; Spins and Momen s in Section 4, ppe 24»26 ) o '

"Orlginal Seaborg Wall Chart“ {1939) Gilman Hall, Department of Chemistry, Uhiver51ty of Callfornlag Bere
keley, California. (For most of the values taken from this well chart, the supporting references unfor=-
tunately cannot be located. Thus it is impossible to recheck and verlfy values. g1V°n for several of the
isotopes for which no other source reports confirmaetory datao) : : -

Names and - superscripts - For recent work~and appropriate references (takén from the perxodlcaL liferature)

see the numerical list of references at the end of this tabulatlon, arranged in the order in which authors
‘appear in the table. : . - ‘ . :

Elwin H. Covey
Pebruvary 15, 1949
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A COITILATION OF THE NON=RADITOACTIVE {UCLEAR PROP.ATIES
- OF T07 NATURALLY OCEURRLE ISOTUPES |
i T 171 1Va IWh | IVe || va | D) I Via VIb Vic
Ishtene & Isotopie Abundance |l Bxact Estet  Relsjl 3pin Refs Harnetic liste Ref,
Tlzmental Cross Sechtion (in ) ass Error =i Homent hrror
Cros. JSsction (0~ in barns) x10~3 = 5
{7~ in barns) ' . ’
i
0) ot (°7) - 1.008985 1{-.0057 B 1/2 | G,Gg,la,lky-1.81307 Z.0006 |Bloch(1)
1.008937 <0075} Hurhes i ,P&S 0 1~1.9103 20012 | G,G4&drnold
' (3) . A Sitoberts (2)
1.008945 2025 |1 -1.935 202 (1) | Ma, Me&P
1.00893 .07 | Mi&P =1,93 S S
1y ut 03 449844 1 1.0081283 | .0028| B 1/2 |G,6g, K10, (&R BB S008(G) | G,Gg0K,oke, Pad
o =e52 1.008123 .008 | Mi&p Lie, 14 ,1&3 |12.7920 1s0008 | Bloch(l)
i 1.008131 | .0032|i& +2,785 02 e
1’ .00065™ .0156 || 2.0147186 | L0056{B - |1 A 85742 0003 | Bloch(l)
2.014708 | o011 |Mi&P 285742 =00001 {G
2,014725 «0064| Ma + 285647 2003  |Arnoldd
' - Roberta (2)
(k) <8565 - K, Pes
$ 0855 - 006(QR) | a&hie
85641 .0003 |G '
E G .- 5.017032% _ 1/2 | GGy 2.9756 2003 |G :
3.017029 032 | B 2.9791 ~=  |Anderson&
Novieck({4)
3 ' : -4 ., X . : o
2) Ile 6,000 (np) 1.3%10 3,017013 /2 |Gasg -2.123 2020 |Gy
g~ ~=.008 3.017016 .032 | B~ . -2,131 2020 Andersond
e . i-5.01700 .04 | lE&P Nowviok(4)
Il 3.016988 -020 | Ma ‘
! i

x = Recaloulated by G. T. Seaborg to.correspbnd with

more accurate decay energy valuess




. , . o UCRL-290
v T : ' “ Page 6
I T T1 TIT 1 iva - iv6 T IVe T VA 5T i, 7TH YIS
Tsatops & | Isotopic Abundancel Exact | Est.| Refd Spin''  Ref, iagnetic|” Est. Refa
Elewental | Cross Sedtion (in #) lass Brroy hoo=i W Moment Zrror
Cross Section! {.- in barns) _ ;—.1;}“3 ’ | = n
- iv rarms) | ; f
", ; H
el ! 59,9999 F4.003880 | *.0%0 ID 0 G,Gg,Ma,le, O |- P
i 4.00390 .03 | Mi&P P M3, PLS |
T 4.002860 | .03l |l
: | ,
313" #70(ne) 7,239 | 6.01690 - B i G,05,K, 38, <8214 | -.0005 |G&G
TRl I | : | 8.016917 L051 | la&lf Me ,lii,P&S il +.820 | .005 (16)| Ha e
he . ) (e ) 4 (K+).8213 - K,P&S
oo : 6.01637 $05 1P ! :
: | % ‘ _ ‘
7 t . ;
L 023 92,51 7.01820 .10 B 3/2  [A{Fx) | 3.2527 20003 {Gg .
: ' 7.01822 <06 {Mi&p ! (5 )3.2532 - ¥, Me, P&S
3 i .016163 (057 (¥ W 143,250 .016 Ha
- o i 3.2535 - L0015 |G
v} Tet o) 100 9.01506 .20 {B 13/2 |G,6g,K*, é -1.176 .005 (G) 16, Gg, K, Me , P&S
3= 01 _ ' 9.01503 | .06 |Mi&P Me,Px&S (€7 /1= , _
=° ' $,014958 .062 |Ma 7833 =
; i 1. 1745 .003  |Ma
. i -
5) &Y 500 {na) - 18.63 | 10.01616 | .13 |B 5 log il 147987 .0009 |Gg
o= THE , 10.01618 .09 [Mi&P |1 G K%, Me, | +.597 «003 (Ma)|Ma & ile
o : - : 10.018169 | .070 [Me - PES (%) 598 - +003(6)1G,K,P&8
nid <os 1 sua7 [11.01287 | .10 |B 5/2 |6,Gg,K*, || 2.6857 | 40005 |Gg
: 11.01284 | .08 |[Wi&P | Ye , Px&S 2.R82 -- Ve
11.012901 | .050 |¥a ‘ : (K+)2.686 -~ {K,P&S
10 B 2,687 L0086
x Syﬁﬁﬁ? .005 Ma
} +1.7 B .
.i\szzo 682
1 . ' :
g) ¢+ 0035 98.9 '12.003856| 019 |B c _G,Gg,ma,MeL 0 -- P
0"‘.‘: !L.G“:\“) - P ) ) ) 12¢00382 904_ ‘ I’lﬁ&? PT:L’P&S {
v : ; ’ 12.003880| .025 |ka ,
, :
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1 T 1T 111 TVa 6 ] IV | Va VBT )4 RN — ) VIS
Isotope & Isotopic Abundance! Exact Est.| Refol Spin Refo | Mignetia Esto Refo
Elemental Cross Section (in %) Mass Error o= | Moment’  Brror
Cross Section] (o— in barns) x10-3 4 L = 1
{o~ in barns) : : .
13 : + o e t o+
¢ o1 1.1 13.00751 | -.010 |Mi&P §1/2 |F*,G,Gg,K*} .70156 = ~.0001 |Gg
i113.007561 | +043 |Ma Me ,P¥&S  ;(k+).701 : ,002(G) !G,K,Me,P&S
{ f3/2  jmmx iB=p/i=] = 004 Mo
; ; 1.401 -
) ! | ; i
14 , - ; . : |
¢ (p ) <200 0 Jenkins(5) i i
e i &Gg !
7y w4 1 1.7(np) 99462 . ||14.007536 | 4022 |B 1 A | +.402 002(3) | Ma oe
7y =Le7 - 14.00751 04 | Mi&P H(K+) 403 0002 (G) |G,Gg,K,P&S
14.007530 | 016 |Ma . -
l - ] . ‘ .
o - «00002 +38 . 1115,00489 .21 iMi&P 1/2 |G,Gg,K,Ma, (294280 -003 (&) [Gg, K, Ma ,Me,
. 156.004870 | .072 |Ma - |Me,Mi,P*&S! " IMi,P&S
16 : : : _ ) ,
8) 0 99,757 ||16.000000 | Stan~ |A ) G,Ma,Me,Mi] © -- P
o~0=<.001 dard P&S
! '3 i i
ot’ <039 1117,00450 .06 |Ma Mi&P| -- - - - -
ot 00022 4204 {118,0049 - 40 | Mi&P O Fx&Gg - -- --
. 18.00485 | .18 |M
¥ '
9) td .01 1006 19,00450 $26 | Mi&P 1/2 |G,Gg,K,Ma,| 206255 .0003 |Gg
701 ' 19.00454 012 Ma Me,Mi,P&S || 2.627 .003(G)|G
' (B R.825 | == K,Me , P&S
+2.622 +014 Me
20 -
10) Ne 90,51  ||19.99872 .13 |B - - - - -
75, Unknown! 19.99877 010 | Mi&P
. ' 19.998895 061 [Ma
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1 ' TIT I | 1va ; 1IVo] 1ve | Va .l o ~ ia 1 VIb . Tio
Isotope & Isotopic Abundancel Exact | - Est. Ref. .Spin;' Ref. Magnetic BEst. Refe
Elemental Cross Section (in %) | Mass Errorl . =i X Moment | Error | :
Cross Section| (¢ in barns) i A x10-3 . = n i
"¢~ in barns) : : L ' o .
21 . . : ;‘ : + '. ; ] )
e . .28 [120.99963 | -.22 [Mi&P | -~ e .- .- -
'21.00002 .2 Ma :
22. ' : : . : L .
Ne 9.21 21.99844 | .36 | Mi&P -- -- - - --
' : 21.99858 230 | Ma %
22| - ' . UV B
11) Na™~ : ~ 3 Gg 1.746 *.003 Gg
TNaz'és.‘
Na 22 W45 _ 100. " 22,99618 | .31 | Mi&P |[3/2 | A(Fx) 242149 ,0002 | Gg
: 22.99644 .18 M f 2.217 .002(G)|G
. ' (K+)2.215 -~ + |K,Me,P&S
+2.216 .011 Ma
\ a2 ' | S : -
12) Mg~~~ : 78 «60 2349924 .60 | Mi&P - - -- § -- -
rM;.s | R 23499300 38 | Ma - - |
g 2> - | 10411 |{24.9938 | .90 [MigP | --| o= -- -- -
L ' 24.99462 +46 | M :
Mgzs 08 ~11.29 25.9898 .50 | Mi&P - -- -- - -
: : ' 25.99012 1 3 | Me ' :
" 13) n? 021 ' 100s  |{26.9899 | .80 |Mi&P {{5/2 |G,Gg,K,Ma, 3.634  ,010(G)
.W ‘—‘021 ) 26.99069 43 Na Me,Mi,P&S 306364 , «0004 G8
Al : . +3.628 .010 (18)] Ma.&Me
' (1)3.630 - K,P&S
.28 ) ’ . ' | | | ) _
14) Si _ . 92.28 27.9866 +60 | Mi&P - - | ~e - -
T~ 024 27.98723 | .45 |Ma -
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I 11 111 Iva ] Vo | 1Ve 1 Va | Vo Via Vit Ve
Isotope & Isotopic Abundancel Exact Este] Ref.l Spin  Ref. Magnetic) Bst. Ref.
Elemental Cross Section (in %) I Mass Error §o=i Moment Error
Cross Section: {¢~ in barns) o oo x10~3 ’ =
¢~ in barns) i .
5:%% 4,67 28,9866 | ~.60 |(Mi&P | -- - - - -
28.98651| .62 |Ma ' ;
20 ' . _ )
81 .12 3,05 |129.9832 290 | Mi&P -- - - e -
29.98399 50 M| 5
15) P°1 23 100. 30,9843 .50 |Mi&P |1/2 | G,Gq,Ma,Mell 101304 [ ~.0001 |Gg
77023 30,98441 27 (Ma M1, P&S +1.1314 .0013 |Pound(6)
16) §°% 95.06 || 31298089 .07 [Mi&P {0 G,Gg,Ma,Melp O - P
%3 .74 132.9800 .60 |Mi&P |1/2 | Fx - _— _—
32.9819 .3 Ma 3/2 | Townes(7) -
&Gg
B 7t T ' ‘
s .26 4.18 | 33.97710 .35 |Mi&P |0 Fx&Gg - - -
33.97981 37 |Ma i
56 .14 016" || 35.978 1.0  |MigP | -- - _— - -
17) 0135 53 75.4 34.97867 21 |Mi&P ||5/2  Kt,im,le, .8210 003 Gg
7y =40 34.97884 219 | - Mi, P&S .821 «003(G)|G
. 3/2 | P,G&Gg 1.365 -005(30) | Ma&Me
il (K+)1.368 - K, P&S
| N {
c1%” .56 24,6  36.97750 14 |MI&P ||5/2 | Kx,Ma,Me, || 1.135 200501 )| Ma.&Ne
36.97770 09 | Mi ,P&S (B35 - K, P&S
i 3/2 | F,6,6g 681 .003 (G)| G&Gg
36 )
18) A +307 || 35.97728 $37 {¥a - - - - -~
747062 to 1.2 135,9780 | 1.0(P)'Mi&P
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T T T e ] iV Ve | Va 75 Tia 5 Vio ] TG
Tsotope & |  Isotopic Abundance| TUxact Est.y Refdi Spin Refe " Magnetic Tste ; Ref.
Biemental | Cross Section (in %) | Hass ; Error Boo=i i loment Error
Jross Section | o= in harns ) : -f - x10-3 | ' =
- in baras) | ' L ! ; '
' = : - f -
st Cn i I : : k
A j £080 7 97462 -.33 {Ya | == - - - -
. | 137,974 1 2,50 [IH&P |
%0 f ! i '
A .62 to 1.2 99.633 3 39.97549 @ .12 |Ma 1 -- — ~ - - -
! 39.9756 60 |Mi&P |
— S
N . , oy H +
19) X 93,3 38.9747 --  IMi&P* ['3/2 | A(E*, k#) 392 -.002(3){ G&Gg
7245 j 38.976 1.6 |Ma ' £ 391 . .002(2%)| K, Ma ,Me , 141, PeS
- 36.97544 - 3 § '
40, . o o .
K (%, 15 . «011 |} 39.9760 1.0 Mi&P J14 G,0g,K,1,) -1.292 .oos(e) 5&Gg
) : ' Pas -1.290 K, Me,PsS
“‘ 3 | - . N ‘ - Ay
B 1.0 6.7 40.9739 - S* 3/2 | G,Gg,ka, el (+).215 .002833 G,Gg, K, P&S
: , Mi,P&S + 4217 .001 e &ile
20} c®  loocoz 96,96 | 39.9753 | 1.50 |Wi&P || -- - - -- --
T o5 @9.9745) - S+
i *? .64 lail.9711 - |uwi,P88| -- - -- - --
oa .15 42.9723 - {Mi,Pes| -- - - - -
0344 .63 2.06 “- - -~ -— - - -— -
0?0 T .0033 - -- - - - - - -
) 49
834“ .55 (= 30m Ce 3 .19 - - - - - —_— -~ -
oZl(_’.aouh \.o&4 ) ’
21) 5070 |22 100, | 44.9669 -~ |m&P ||7/2 |G,Gg,ia,Meld.8 - G,Gg, &M
75,22 ' 44.96977 .63 | M Vi,P&s 4.6 - P
‘ ﬁ4.4t@-4.@, - S
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i I TT1 ~TVa W T T W T W TV T VIE s
Isotope & Isotopic Abundande Ixact Est. Refall Spin | Rerf. 'Magnetic} Est. Ref.,
Elemental Cross Section (in %) Mass- Brror i =1 Yomen+t Brror -
Cross Section| (o~ in barns) : x10-3 i = n
€~ in barns)] : B .
22) 1% 7.95 45,9661 | 9.0 Mi&P | -- - - - -
Ty =512 (45.9678) | -- IS* |
3?7 7.95 46.9647 1.0 [Mi&P - - - _— .
348 73.45 47.9631 .50 | Mi&P -- - - - _—
47.96570 «38  |Ma
.49 . .
T}. 5051 4809646 - 60 leP - - - - - -
- : 48.964 | 2.0 Ma &S .
730 .14 (= 6m TiSIg 5.34 [49.9621 .40 |Mi&P -- .- - - -
039 (=724 Tidl)} 49.963 2.0 [Ma&s
23) vl 435 100. 50.9577 .50 |Mi&P | 7/2(?) Ma* i, == -- -
77y= 4.5 , 50.96035 63 [Ma (6&Gg ) &G
. ) r
] . .
24) ¢r>° |11 4.49 - - - - - -
T, =245
.Y
- .52 . .
Or 83.78 51.956 - Mi&P -< - - - -
'51.959 .9 (M) Ma &S
Cr53 9043 ’ ! 520 956 atnd ' Mi&P - - - —— —-— -
: | 62.9572) -- g* -
crot .0061 2.30 - - - - -— - - _—
|
55 : | .
25) Mn 13 1004 54.957 . -- |Mi&P {5/2 |6,Gg,Ma,Ve, 3.0 -- G,Gg,Ma,Me,Mi ,
T~ LS (54.9653) | -- |S* bii, Pe:S PS
| 54 - |
26) Fe 2.5 5.81 || 53.957 -- | miep -- - - — .
Tho=2+5 : 53.961 2.40m) | ¥a&S !
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Page 12
i 11 1T | Ve [, o] W Vel Vb Via | Vib Vic
Isotope & Isotopic Abundancd] Exact Est.} Ref. Spin Refs’ Magnetic Bst, Ref.
Elemental Cross Section (in %) Mass Brror| - =i Moment Error
Cross Section| (&~ in barns) . x10-3 =
. " in barns) . . o
re’® 2.9 91.64 |'55.9568 | f1.,7 |mieP - - -- -- -
- ' 55.9571 1.808)| Ma&s
Fe°' |.5 2.21 | 56.957 -- lmsep || -- -z -- - -
' 56.9609) S*
Fe°O |.36 o34 - — - -- - - - -
59 | 60y | ian | .
27) Co 22(= 5.3y Co ) | 100. -- - -- {17/2 |G,Gg,M,Mef} 2.7 -- G,Me&Gg
05,36 «66(-> 10.7 m Co60) - Mi,P&S 2.63 -- Ma&P
el ‘ o (3.5) -- )
ey .58 |, . A . X | 4
28) Fi’ 4.3 67:76  [|57.95971 4l M -- - ‘e oa -
G'"Ni=405 . |
Niso 207 26016 ) 59-94981 ) 33 Ma - - " - - - - -
- nft 1.25  |60.9540 1.5 | -- - - - —
m%  |1a.8 3:66  161.94959 ©39 Ma
Ni64 206 1016 63094744 056 I‘h - - - - -
29) cu®® 2.8 "1 69.09 [62.957 1.3  Ma 5/2 - |F,G,6g.M8,| 2.2233 |%.0007 | Gg
7, =3.5 ‘ ' Mo, M1, P&S || +2.2265 .0025 | Pound(8)
Cu : 2.5 -- G,¥a&Me
2.43 -- P&S
. Spsszhszz
1.04(per
Ma) J
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1 1 ¥ L IIT ] iV T IWw T IV Ve 23 i Via § VIb | Vis
Isotope & ~ Isotopic ! Abundance| Exact i Bst.i Ref, Spin} Ref., Magnetio | Est.§ Ref.
Elemental Cross Section (in %) - Mass ! " EBrror - =i Moment ; Error! ‘
~ Cross Section (o~ in barns') . ) © 0 x1079) =R !
(o~ in barns): ; g | | ; ;
o™ 1-8 30,91 164.955 | 1.3 lmm 3/2 ' F,G,Gg, ey 2.3617 f.‘.0007_,; Gg .
- | : o |Me,Mi,P&S | +2.3847 | .0030 : Pound(8)
: f 1 2.6 -- | C,Mmdlfe
i : , 2.54 -~ | P&S
‘ . : | ! |
64 S 1 - 3 {
30) Zn «5 48.89 63.957 | 2.7 Ma (o) s - -- -
= . ! ‘ ’ . ! t i :
2% 27.81  65.953 s 2.8 e (o) s 5 -— - --
" 2067 407 1 - |- .a'lB/2 G,0g,lm, L+ .9 -- G, Gg ,}a, Me,
_ : ! | b PaS i Mi,P&S
) ’ ) § i 4 ' ;%
w®® . (- 57m 2n° % 18.61 | 67.955 3.5 (M- - [(0) '8 K -- -- --
+09(—>»13.8h 2n69)| - Lo a | : !
70 S ! 1 f
2n .09 .620 | 69.954 2.7 i |- - - - —
31) 5% J1ia 60.2 ; 68.956 | 3.5 [la 13/2 ¥ »G,G me,i 2.016 003 Gg
o =22 ' . 54 , aMl,Pcc Ma §| 2.0165 +0035 : Pound(6)
fa ; | ! fe2.11 --  1G,Ma,Me, i,
é k '5 I ; : P&S
- ' ! : de Tl , 69 Y
-‘ ‘I :f( /}1 ' 2 i
i N & 1.270 |
, " i i \(per Ua)j ;
; : i i :
- 5 } » 4
ca 304 39.8 70,954 3.6 |Ma 13/2  'F,G,Gg,M,) /| 2.561 003 | Gg
- } e, M5, P8 | 2.5611 0030 | Pound (6)
. i ‘ x~|~2 69 - i G, Ma, e, M,
i ' . i P&S
' i '
' . i { ‘ zg H
32) Ge 0 |.45(—>11d Ge't) | 20.55 - - suiil BRI ST R -- --
T =28 <.073(>39.7h Ge} : ! !
i !
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G It T IIT IVa IV | 1Ve] Va] Vo Via Vv Vo
-Isotope & Isotopie .Abundancel. Exact | Est.] _Ref§ 8pin Ref.’ Magnetic Est. Ref.
Elemental" Cross Section (in %) Mass Brroo =4 : " Moment " Error ‘
Cross Section| (o~ in barns) _ x10-3 ' =
(o-in barms)) = .. , ) _

- R _ 27.37 § - SRl TR ST R -- -- --
AGe-'"’ 7.61 -- - .- - -- - - -
Gt |.38 36.74 ia - - - - - - -
Gé"F’ .085(->12h Ge77g ‘7.67 -- - -= -- - om - -

095 (->59s Ge77 Lo
..'. . : . - . i; j
33) As'O 4.3 100. . (74.934) -- S* 3/2 |F,G,Gg,Ma} +1.5 - 1 G, Ma, Me , Mi
Ths=4e3 - . Me,Mi,PaS} |P&S.
s = S |
34) S¢'% a2z .87 — e - - 1o |eg b — e
d~Se=1,.5 W ) - _ . ‘ i
8e'% o o 9.02 o 2a - -- o  Gg -e - Sw

‘ o' ! 7i58 -- -- - {1/2 Gg - - -
.78 = A ] |
Se ’ 23.52 (77..938)_ - Sx 0 6g - - -
- . . - \ . ' . i 7 i .
860 .034(> 20m Se71) | 40,82 (79.942) -= s« o G, Gg » 10, 16 - == -

| e4e(>17m 8ePl) . ' &s \
e2 . 83 ) .
Se .05 (— 675 SetV) 8419 - .- -- - -- - -— -
+004 (= 25m Se83) - v
. 79 i : - .80 ’ , ok N 7 ' L
35) Br 2.8(>4.4h Br ") 50.5 . 78.942) - S* 3/2 F,G,Gg,la 4 2.108 - .003 Gg _
75,=8+5  18.1(—>18m Br8O) | Mo, Mi,P&S || 2.1066 .003  |Pound(9)
' 1 ' - - 1l (2.110) (.021) |G
) r s . ‘ ) ’ 2.6 ) - l'uh,Me&S
- ' . 2.61 - P
179 /,81=
I],.O(per I-lhz- :
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I - i i' 111 TVa IV 1ve | Va | Vb Via VI G

i
 Isotope & ! Isotopic " Abundance| fxact | ~ Bs¥.. Ref.l Spinm Rei‘- o Magnetic | ' Bst. Ref.
~ Eletental f Cross Section I (1n %) l Mess. Error] = ] =3 : ‘ Moment Error
_ Cross Section | @ in barns) [ _ x10-8; i ; E =n
U“ in barns) : - ; _ o 4 ] i
T - ' | P . ¢
o . . e E " 5 i H LA .
Brsl 12 25 U a0, {80.940) -« 8% 3/2 IP,6,Gg,MaJ 2.2068 =.0009 |Gg
' : : i S R L Me,i,P8S| 2.2708 A003  |Pound(9)
. ; ! j | i ; 2.6 | = Mo, Me&S
i - _ 2 ' g i »;(2.273) (.023) |G-
" ' ' i : i s -} i
36) k' . 26 - | .s4z |77.945 | Il im b - e - . .
77 =.045 . ' L i % | i i
Kr . e | i : . :
: o ; 5 t ;
B0 | I R o T A D — - —
82 | 1y ' SR : : ; 3 = |
‘Kr _ : . 11.50 £1.938 ! 1.3 (M i(0) s - P e L -
ke 11.48 | -- ¢ -- 0 - f9/2 |F, 0,6, - L9071 G&Gg
‘ : ‘ Coes A : ) i M, Me&P* | - .967 -- K .-
, ; z § -1.0 -- Ma , Me &P
1 : : Lo N

W os3(o 9.y w09 57.02 | 83.959 1.5 | M i(o)
. 1.096(~> 4.5h Kr85)v ‘

[42]
-
t
L]
1
i
]
1

ke l.oss | 17.43  |85.939 , 1.4 M . (0) .S N - - S

zv) o L7 . 72.8 SR T S ST B Y4 T c X ¢ gsK,Ma 4l 1.3515 .0007 lGg
=,56 : ‘ : : E v ; -ﬂw,?h,P&S +1.345 .008(G) |G, Ma&Me

: o i 5 § +1.345 ; . 005 (=)
‘ C (K1)1.340 Po-- P&S

Rb™ (p .12 C 2742 - = 1 - |3/2 |G,Gg,K, M, 2.7471 .0008 |Gg

1) e , ; . z e ,Ni,P&S | +2.733 1 K
L +2.741 ! 009 (i) | Nakde
: CoY Pes

. .005(0) |G

. - 2.722
{0 : : : 2.744

.56 S I --
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~T AR & 11 ]T‘ Va TV | Ve Va | Vo | Via_ Vo s
Isotope & Isotopic Abundence|l Exact| =~  Est.| RefdJ| Spin Ref. Magnetic Este] Ref.
Elemen%al Cross Section (in %) || Mass . Error =i v Moment " Error
. Cross Section {o~in barns) E - x10-3) o ’=},1'
Ao~ in sarns) a - ‘
se® .z | 0.86 f e= 1 - e ) s ) - - | -
87 ' - ‘ : L - _ . . : .
Sr 7.02 -- == -- 119/2 16,6q,M,} ~1.1 -- | G,GgsMa,Me&P
‘ ' . - | Me&P _ |
ge - | | R - . | , o
Sr <005 82.56 -- - | -= [l (0) |s,GaGg R - .-
N . . : _ ‘ ,
39) Y 1.2 100. - -- = | 1/2(D)}G,Me*&S || <O.1 . G, Gg&Me
0"15’1.2 ' . . ‘ A ( ' ‘ :
Y
40) 2r° B © 51.46 -- O e - ‘- -- - -
TR ‘ | 1 | |
2t S 11.23 - = - - - T - o
. ng_z i 17.11 -- e - - - - -
ZI‘94 045 B = . 17040 - - - - - - - dn - o ] - - --
2098 60 ' 2480 || e= | -- - -— -— - - ~ --
s1) % .2 100. || - - | = {92 |6,6g.Mm,| 3.7 -= | Max,MeaP
Tep =12 - _ : Me&g " 5.3 ; : G,Gg&Meeks (10)
42) No 2 006 -  15.86 e — ] - - - R R ‘ -
Tygo 26 | I |
vo 74 , '9.12 {|93.945 24,2 im -- - - - | -
95 _ o . | . N
o 113.4 15.7 94.946 | 4.3 |Ma 1/2(7) | Me*,G - - --
. , _ (G&G) ' ‘
Moo 1. 16.5 - || 95.946 4.3 fua | --| -- - - -
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T 1T S A A e e | Va 2 Ve VTS T
‘Isotope & Isotopic Abundance| Exact Bst. Ref.| Spin Ref.| Marnetic Bst. Ref.
Elemental Cross Section - {in %) Mass - Brror =3 Moment Error
Cross Section| (o —in barns) x10~3 = n
{7~ in barns)| . S . .
W je.s '9.45 || 98.945 2.9 |m [1/2() |6, Mex - -- —
98 ' .
MO 04 23075 . 970944 300 M& - -- - - - -
%% |5 9.62  |/99.939 3.0 |Ma - - -- - --
43) “rc -- - - - - - - - - —l- -;—
"oz Unknown :
Te _
44) R}lge .01 - 5.68 ' _ 950945 . 2.9 Ma ) - - - - -
TR 2" ‘
R 2.22 - - — | - - - - -
. Bu 12.81 98.944 2¢9 | Ma - -- - -- --
R}Jloo 12070 & - - - - - - - - huind
Ry -O1 16.98 - _— - -- - - - --
r%% 1.2 31.34 - - - -- -- -- - --
Bu104 .67 18427 - - - - - -- — -
103 - | o i
45) R 137 (- 44s Rh104$ 100, . 102.949 | 5.2 | -] - - - -
Ty, =149 11.6(-> 4.2m Rh104) : ;
46) Pdloz | a8 - - - - - | - - - - - -
7Pa="
104 . S v
Pd 963 (103.946) -- I8 -- - - — -
105 -
Pd 22.6  |(104.945) - S - _— - - . .
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I IT T | IVa Wo | Ve Va1 “Via Viv Vic
Isotope & Isotopic Abundance Exact Est. Refql Spin Ref. Magnetio Est. Refo
Elemental Cross Section (in"%) Mess Erron =i ’ Moment Error
Cross Section (= in barns) , - x10™9 = n
. {7~ in barms) 7
- pgto® 27.2° 105.946 4.3 | - - - - .
pal®® | 13 26.8  )(107.943)| -- |8 - - - - -
patl® | a9 13.5 109.944 4.4 |Ma -- -- -- - -
. 107 . ) ‘
47) Ag 30 0 51.35 106,950 3.2 | Ma 1/2 |G,6g,0, | - .10 - G,Gg,Ma ,Me&P
71 =60 . : : I Me &P )1109/}110»7 ‘
g : = 1.93
(per Ma)
109 110 ' . 1
Ag 97(->24.2s Ag” )| 48.65 ||108.949 3.3 |Im 1/2 |G,Gg,Ma, | - .19 -- G, Gg »Ma , Me&P
2.3(—> 2254 AgllO)| e ‘ | |Me&P
48) cal®® | 1.215 - - - - - -- - --
aEd=2900 |
- ¢ato8 o875 -- - - - -- - - -
cattl | .2 12.39 -- -- - Iy s - - =
calll 12.75 - - -~ /2 |6,6g.,M, || - .63 - e
- ; B&,m,?&s .- ‘65 - G,GB,M&,Mi,P&S
" call2 24.07 | -- == | - o s N --
' ‘ ‘ 1.0(per Ma)
113 | ' : | ;
cd 24,000 12.28 .- -- -~ 11/2 {G,Gg,Ma, | - .63 - Me
‘ P&S - .65 - G,Gg»Ma, Mi,Pas
cattt 1.1(>2.334 calls)‘ 28.86 — e --  #(0) IS - - -
: .14(— 43a Calld) ‘
call® | 1.4 7458, - -- -- o) |s- - - --
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T N BT It T ;II o .-f_':_IVBi;\'“ IV IVe ' Vo V'« Vb . 1.~ Via Vib | - ‘VIQ
- Isotope & . I&otopic- - -.Abundence .- Exact, | Este . "Re-f. Spin' " Refys ] Magnetic © I Bste. " Ref.
. Elémental~"| Cross.Section | -(in %) CsMass Errer" MR P N IR " Moment Brror{- o
Cross ‘Séotion| (o~ in barns) L oLl "-'xlO" P A =/u T
(m i bams)_ e R P RS o

f F

L , ! -‘.-._ ., v N . ".. .- . #‘ ‘ ] '- .' . ‘.. R o S . - .‘ A- _: ] ,‘ N ) . . . : . C o
51) Sb 21 698 “ . ,§..7§‘2.’5; i T -_-"-~ REIRI o TRl | - 5/2 F G G8 9m4.'i 307 “ ' 1 "',"'.,7 ;, | G G8 .,T\h. P&S
T e S S e I FU LA S ;Me,ml PES . 2:0 | == e

éblgz dees ol aears e e ] i o 'F 5Gs GB,MaJ 2.8. . | -m © | G, 0g,Ma, PaS
SRRCEE DR SRS SR - S Nb Mi,PaS | 3.2 o T o-- Me

eyt [ R -
-o‘;e=4 o . - R .o T ST

091 e T e el BRI B I R T L=

123

i | RPN ,.89 B B R S Tk AUCIC I IR /UL SRSt P

vea | . .o b B T S |y AR

.‘T.e : P L L R ‘63 .‘_ ‘i'—'j" ] __ . . ,:_' E :“"":.,- . - . ,,--..'v”;'. ';’-. . i . '-' L -
125 |

—
. 113914;.0736—9904 Tel?7> .ilaﬁiz»i-&1?5£937)fj R N N A e A
B - o : :_ -‘ .78(_‘;9\3}1 1‘9127) ':‘-f o L - Sl -- - {» " B S - . '. - .. A - . . .A -

B 015 (->32a 1612 9y | TBle2 f1274988) | e- Sk Sl mm fowes M e ) oo o el
o sl e mel29)” | L T T T e
ne0 fcomesaon 1Y sad | e | o Lol o

R T T LR B R IUE ST ST A A ST SRR R TR

’7.01fj N TR BT It RV SUCR A SN I B

53) xlz7 Tre 7o o fheess2)d es o fs s ¥, 6,65, z,slzf'- -,ugodz- log .
‘02?7:, [N U I LR IS I S Yo Mi,PeS 12,8122 - 1| ..0030 |Pound(6) -
, ST U R I | R A i P ¢ S | B0 - 2 SO e, Ma, Me Mj »P&S
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i TT TIT Ve o T e Vo V5 YIa V5 VT3

Isotope & - Isotopic | Abundanc Exact Esto| Refd Spinf Refs Magnetic BEst. Ref,

Elemental Cross Section (in %) ;| Mass .| Errer| =1 : Yoment - Brror :
Cross Section| (U in barns) xlo'?’ =n
(7~ in barns)| - 1o .

' . ! . &

54) %el?t .094 - - - - -- -- - -
Iy Unknown

e .

Xglzs 088 - -- - - - - -- S
L FIURN B R I I -
129 . , _ ‘ _
Xe™ ¥, 26.23  |1128.946 | -1.4 |im 1/2 1G,Gg,ua,Mal- 9 -- G, Gg , Ma , P&S
\ | M, TS -158 131 e
I (/s
=-101‘1
L(per M)
X130 4.07 -- -- -- -~ - - -- -~
Xo 15t - 21.17 - - == 18/2 |F,6,0g,Ma{ - -8 -~ | %
, | - Me,Mi,P&S || + .8 - G, &P
K 1 } é 97 - Me&s
%12 | .2 26,96 ||131.946 |~5. |Ma - -- -- - --
xet3% | 2% 10.54 - - -l - -- -- -- --
eS8 .15 8.95 -~ -- -- -- -- -- -= ==
55) cst®® [3(>3.18n 0134 | 1005 . |@szee3s) | - s 72 |a - 2.5753 12,0013 | 6g
og 26 [26(>.2.3y Cs134) ~ - | Jfp-2-875 2007@ | & -

s Il 2.586 - Me
(®)2. 538 -- K, P&S
+2.572 .013 | Ma

| e 187 — - - -- {i7/2 |Gg 2.86 -- Gg

135

x o= To form 15.6m Xe

and/or (or both) 9.2h Xel

35
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I II IIT IVa IV Ve Va Vb. Via VIb Vie
Isotope & Isotopic Abundancg Bxact Est.] Ref.li Spin Ref. Magnetic Est, Ref,
Elemental ~ Cross Section (in %) Mess Error = ' Moment Error
Cross Section! (U~ in barns) x10-3 = q
(U~ in barns) ~ :
[ 3
56) Bat30 2101 -- -- - -— -- - -~ -
WB8=1 ] '
Balzg 6 «097 - - - - - - - -
Ba15¢ 2.42 - - _— _— - _—— - -
5o 135 | 6.59 - - - 32 |66y, K w851 | K
: Me,ﬁli,l’&:s «837 -+003 G9G8,M5-9P&S
’ .8363 - Me
Ba136 7.81 - - - o - - - - Lkl -
137
Ba 11.32 -- -- -~ 113/2 |G,Gg, K, Mo + .929 K
Me,Mi,P&S |  .935 -003(G) | G&Gg
9354 - Me
« 6936 -003 Ma, P&S
Bat®® | .51 71.66 ||as7.o16)| - s | - -- -- == --
~B7) 1&133 .089 - - - - _— - - -
ovLa=8 At
'Lalsg 8 ©99.911 [[(138,955) - s /2 G,Gg,Ma, 2.76 - G, G &NMe
_  |Me,Mi,Pas | 2.8 - | m,Bes
. 58) 06136 ' 193 -- -- -- -- - - - -
dwce=1~ to 6
‘ 09138 «250 - - - - - -- -- -
ceMQ_ .4 88.48 - -- - - - - - -
ce¥2 | 1,1 nior f| o= | - |- -] - - -- -
ﬂ L
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mat®s
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I ; T II 11 TIVa IV6 | IVe| V& | V5 BUCY VG ] LCE
Isctope & { Isotopic Abundance| Exact Bst.| Refd Spin Ref. Iagnetic Est, !- Ref.
Elemental | Cross Sestion (in %) Mass Error! =3 , Moment - Brror |
Cross Section] (o in barns) le‘*S . : " = n !
(o= in barns) g - " |
' 151 |- : ' g
£2) Eu i1, 360 - - 47,77 - - ww 1 5/2 [F,G,0n,Mad 3.4 o §,Gg,M ,Me,
b ALer X . . " _:—’\" . ) . . . Ao
b7 zEu{Jrhcr1~.,.\x1 | ]s}eSEI,LgPénb /151, 183 ) » M, P&S
, - /n :
) , =2,.24 |
i | ’ (per M) !
153 | o T | ; ,,
Ba™"T 0x 52,25 . | - m- 0 == 15/2 1F,6,Gp,Mad 1.5 Cme [ GuGg,Ma e,
! ' ; i P ie, M3 ,Pas , i M3, PeS
§ z ;
- 1852 o X |
64) Ga | ¢125 .20 —- R -- R e —
d-édUnknown : ;‘ | ;
1 i i i
ga~o% J 215§ - e - - - -
; ) } . : X i
Gatd® | 57,000 ' 14.78 154.9771 I3.2 e i- - - - -
i v ! :
56 i ‘ : L .
5atof | ‘ 20.59 - 11165.977 3.0 ‘Ma | -- -- - - -~
- 157 ! - I . o .
(.!'d M 200‘9000 LS@?,\. 1560976 \502 :Iﬂa . - - hinkad - - -~
Gdi58 ' S 24,78 157,976 3.3 1M e - - e | moe
3at0 | . 21.79  159.976 3.4 (M . - - e - -
" 5 : | ! B . . - ‘ B ' ' i i . .
65) ™°° | 11(55.0m %) 1100, - ce 4w B/2 l6,0ga e - — .
T, 788 5228 758,54 ™Y : o, (&S '
i . ¥ : i
oy 156 ‘ - ¥
86) Dy 00524 . R o, ma - - -
o rleOO. f : . . i ;
o ; - N . i
pyto8 % 0902 - = - — - . -
151 153 o e 15
x = for.Eu 51 and Eu = 2500b, to form long lived. Eulsz and >20y &1154
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, T R S T I A TV | 1iVe a 5 TTa 33 Tic
Ifctope »:?r N Isoteric ;A’eunda'noe; Exact Bsto | Ref.f Spin Refo. iarnetic st Ref,
lsiementa% \:,r'c,S&; Seotim} Is {in j3) Mass Erfo; =i’ Moment drror

Cross Section| (U~ in barns) | ‘ xig=3 =
(@ in tarns)| f -
160 o, )
Dy 2,854 - e . - - - - - b I
; i
161 oo . |
Dy* | 18.88 . - SR _— - - .
162 :
Dy 25.52% . - el -- - - - .
i .
163 ?
Dy | 24.97 - - — - - - —— -
i
- 164 ) 185 ] ; f 7
By 2620(=>145m Dy~ ") 28.18  §  w= -- - -- -- - - : ~-
| 2860({—31.25m Dyl65)
eoy o 165 - . , A
27) Ho 60 1100, - -- - 7/2 16,0, e ~= - L -
~ =60 S f
!
162 :

88) Er .1 - - . -— ~— - ~r i aea
. Inknown i :
ar f

. 184 . . i 5
. I‘Z;r 105 - o - - - - [ - - —--
166 |
167 | . !
Br 24.4 - -- -- - - -- . T
168 '
Byt 26.9 - - - -— - - - e
170 .
Er >7 14.2 - -- - —- . - o _—
, -
169 ! : ;
69) Im 100 100, -- -- == #1/2 {G,Ma,Me&S - - -

g =100 -

168 ‘ ‘ ' -—

. 70) Yb~ .06 - - - - - e -
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I M 1T 111 IVe IV~ T Ive V& 7% Vis 7iB Vic
Isotope & Isotopic Abundance Bxact fBst. | Ref, Spin Ref. Uarnetic’ Tsto Ref.
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