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The following tabular list of values has been compiled mainly from the sources given below~ and has been 
brou~ht more nearly up to date by abstracting appropriate periodicals for the period January 1. 1947

9 
to October lD 

1948. No claim is made for complete inclusiveness of this information9 but it is felt that with very few-excep­
tions this compila-tion presen.ts most of the published data on the nuclear spins, magnetic moments., and exact masses 
of all naturally oc-curring 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 give~ values for each isotope can be noted conveniently~ and different values compared. 

The purpose of compiling the data which follows was to collect this information preparatory to enterin~ the 
most authoritative values for the masses .. spins and moments onto the wall type "Chart of the Isotopes" (Rm. 113~> 
Bldg. 5, Dr. G. 'f. Seaberg's office), photographic copies of which are soon to be made availableo 

Unti.l substantial future changes and revisions occur; all values now in the chart mentioned above can be sup­
ported by literature references by referring to: (l) The "Table of Isotopes" which appeared in the October$ 1948• 
issue of Reviews of 1\:>dern Physics, and (2) this compilation., - ' 

For the sake of com7leteness, the percent abundance of the isotopes in nature has been included in this list 
under column three. This data was taken from the "Table of Isotopes 11

$ compilea by G. T. Sea.bo;rg and I. Perlman in 
Reviews of Modern Ph~rsics 20, 585-667 (1948). l!,or further qompleteness$ elemental cross section values have been 
included-rn column one of this list, and isotopic cross section values have been listed in column ~vo. The latter 
values represent thermal neutron (v = 2200 ID/sec) ab5orption cross sections 9 (o-) in units of barns-Tlo-24 cm2)o 
This data was taken, ·ror the most part, from "Thermal Neutron Cross Sections for Elements and Isotopes, H to Bi" 
by K. Way and G. Haines published .as AECD-2138 (declassified July 23, 1948). 

An asterisk (*) following the letter symbol (or parenthese~ around the value given) denotes that uncertainty 
of- the value given has been indicated in the reference or in subsequent work. vfuere a naturally occuring iso­
tope emits radiation, the nature -o~ 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 listinr, values 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 concurrence of all references tri ven below on a given value. omitting Bo (This reference 
(B) is omitted from gAw since-it takes up only the exact Easses.) 

' * A very few artificially produced isotopes have been included in this compilation for the sake of completeness, 
and because some of their non-radioactive nuclear properties and their respective values are significant 
and/or commonly usedo. 
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B - Bainbridge. K. T. :J Isotopic Weights of the Fundamental Isotopes~ Nuclear Science Series. Preliminary 
Report No .. 1; ·National Research CounCi17'1Yivisio,n of'"T:lathematical and Physical Sc1ences 9 November, 1947. 

' . 

F 

G 

G8 

Felds B. To~ Nuclear Electric Quadruple Moments· !H'\q 9uadruple Couplings in t,'folecules, Nuclear Science 
Series, Preliminary Report Noo 2; National Research Council~ Division of'"llathematica.l and Phy,sical 
Sciences 1 September ·l948o . 

Goldsmith~ H. H .. p and M. Hamermesh9 "Table of' Nu~lear Spins and !.bments" ~· in Conference on Nuclear Spins ·; 
and Maf::netic M:>ments, Brookhaven National Laboratory# August 19 ~ 1947 (notes by Prof. M. -:'Ham~rmesh)-; ;In­
&nation and Publications Division~ Brookhaven Nationa'l Laboratory:- (Atomic 'Energy Commission Repor:t B:m.,.;ca ) ... 

G~U.smi ths. H. H. • and D. R. Inglis, The Properties of Atomic Nuclei I. Spins, Mag;netic Mol116nts, and Elec­
trical :,tuadruple Moments, Informs. tionand Publications 'Division 9 Brook.haven Na tionetl1:a.boratory .. -­
(~iEC Re-port BNL-15) October 1, 1948 o .. 

K ~ Kellorf", Jo B ... and So Millmanj) Reviews 2.£ Modern Physics, 18, 323 (1946)'., (See the Table on page 348). 

IV:a - Mlttauchg J •p and S. Fluegge. Nuclear Physics Ta'bles and an Introductior'l to Nuclear Physics~ Interscience 
Publishers, Inc. 9 NE!W York» 1946 ... 173 pp. and 8 plate$7 -rcopyright 1942-;-Springer-Verlag~ Berlin= OHG; 
Reproduced throue;h the u .. So A1ien Property Custodian.,) 

·Me- Meggers, w. F ... Journal of the Optica-l,.Society of America 9 36., 431 (l946)a ·(These data tables are used 
in· the Welch· Periodic Chart and accompanying key; No valuefor the experimental error is given .. ) 

Mi ~ Massachusetts Institute o·f 'reoh.nolog:y- staff. Notes for Seminar in Nuo lear Science and Engineering) Appendix 
A (8 .,44) 9 l946o (Dro E. Segre appears to: use these and "ProjectHe.ndbook" mass vaTU'es ~or his Isotope Chart .. ) 

P •• "Project Handbook 11 Metallurgical Lfl.boratory Project Report C.Ir697 9 Volo 2 9 Chapter 1IIA9 Revised Editionp 
November 1944 (Masse's. in Section 2.1~ ppo 5-9; Spins and Moments -in Section 4. pp~ 24-26 .. ) 

S - "Original Sea borg W~H Chtlrt" • (1939) Gilman .Ha_ll p De~rtment of Chemistry 9 University ·of California~ Ber­
keiey~ Calii'ornia o (For most of the values tabm fro:in this wa.H chart~ the supporting :references unfor­
tunately .cannot be locatedo Thus it is impossible to recheck and verify values. given for- several of the 
isotopes for which no other source reports confirmatory data.) 

y . ) 
Names and· superscripts ., For recent work and appropriate references (taken Yrom the per~odi.cel literature 

see. the numerical u·st of references S. t the end of this tabulation, arranged in the oTder in which authors 
appear in the table. 

Elwin H. Covey 
February 15, 1949 
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T ' ·-r---rr-_-~ ~~, I~ I n IVa I ~Vhj--IV~ ! -Va i - Vb ,; " VI~- ~Ib VIc_ --
~~ntc.De cr l l:otoyn~. Ab~nd.1;}1Ce 1 ~~act ! br:t·: Ret •!I cl~~nl rtefo ~~~ 1-·~,r-ne::,c l'b;sto k~f o 
:.:.l:.vrenbl ! Cros-. Secta~m.' (ln ,o) I , .. ass i Eriort tj -1 ! t-!OmGLlt .:.rror 

C'ro:·u;)octioni (a-in berns) I I ~ xlo~3 \1 ! •p 
(er- in barqc;)! f ' ! I f! 

-;-:l (n~~~ --

1

/1.008983 j ~o0057 B ll/2 G,G8 .• r..-IaR~:Te~~--l.81307 
11.008937 • .0075 Hurhe.slj Pi ,PfrS ,,-1.9103 

! J \, 

I I I (:·) 

1) u1 

o-Ii=.,32 

H2 

.; 

.H3 ("-.-) 

"Z 

2) I!.e
0 

rr-:;,
1 

"" • 008 (" . 

1
1.008945 II o025 Ha 1' -1.935 

I r/1>00893 I .03 J,\i&P II l-lo93 

I .0028 B 1/2 G~Ge:K_,l''~• ~~\+~o'iB:O 

I 

.l 
I 

o32 

.QOOG5x 

6, 000 (np) _ 

~J:J .~iu'H 1/ i :g~~i~~3 
; 1.008131 

.0156 ,,2.0147186 

11

2.014708 
2.014725 

1 

I 
I 
I 3. O.l7032x 

!13 .017029 

r 

1.3xlo-4 j 3.017013x 
/ 3o0l7016 
i ·3,01700 
ll 
il 3.016988 
ll 

I .006 hli&P £;ie.u!i,L)&~ 1.::..792l, 
1 .oo.32 ka I +2. 785 

o0056 B j 1 
oOll Hi&P I 
oOOG4 l!a 

.032 f3 

.032 B· 

.04 l.:fi&P 
0')0 l 'T ..., ...... .._:;(\ 

I 
111/2 
I 
! 
11·1/2 

A 

i 
I 

j G&G8 

G&Gg 
I . 
i. 

.8574-Z 
o85742 

!+ .85647 
J 
!(b) .8565 
I .855 
j .e5G4,J. 

I 2.9756 
. 2.9791 

·-2.129 
-2 .vn 

x = Recalcula. ted by G. T. Sea borg to correspond with more accurate· decay energy values o 

+ 
-.OOOG 

.0012 

.02 ~.n) 

.0<')8(G) 

.ooos 

.oz 

.0003 
o00001 
o003 

• 006(1m) 
.0003 

o003 

.020 
.• 020 

Bloch(l) 
G ;_Gc;f:;ih nold 
&:ltoberts (2) 
Ha, M'ebP 
s 

( ' f" K r... p·· -~ 
~~"s~> .1·..1e. o:~ 

Bloch(l) 
I.Ia 

Bloch(!) 
G 
··

8 
ld .h.rno & 

Hobert2 (2) 
K.P&3 
l:k.&l.le 
G 

G8 
Anderson& 
Uovick(4) 

G· 
ud . " An ercon..;.; 

Novick(4) 
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I , II ,. T II : IVa '"":'f!lt) l ;! VIa c I •I • '1 

Is'+;Yp'3 ,:: ; Iso·t;opic Abundano~l! Exact Est.j Ref. ;j iffi.gnetic- ~st. 
Eh-r:.wntal !' Cross Seetion i (in %) I· :r.:ass Errorj ,1 ""l . ;i Moment 

1 

Zrror 
(I 8 t.. I • t ' I I 1'-3 '! • II 

Ref .. 

v - l r: <''a rn.s . i. , t 1 ' l ;1 

r~?ss' e_c ol)On \ C''~ ln t)$. rns} !I ~! X l. ! ill I i, -:: )1 

---- - - - ·- ---+; ---+1-! --+r -----tlf----·---1--,_--+------..,--
1 

~ l I ' • j! ! 

.:71"
1 I . 99 .. 99:Js 1r4.oc3eao 1 ::.o::.c: In 1

1 
o IG,G8 ,1,~,Mejl o 1 -- .

1
ip 

' r I 00"'0() ' 03 t '" '- p I : u• po S :l ' 
t [ ''!: • ,_)..; ~ ! • . ! >Ulv~ II ) J'lJ.' c.; jl J I 

. 'i r. 6 
I ~). 

a1 "G'" ti ..._, 

•. 7 
S..Jl 

. ' ~- . 
'l •·c 

t1'"f3e .,.(1 

.-' · lV 
o' B 

,,.,...,.."1"'. ,_. B ',n 

~~ 11. 

6) c12 
a-.~= .OO•~t) 

v 

., ! l 1 4.oocs6o l .o3l 1 :-:a. ! : ~~ ! \ 

I i i I i! l 1·1 f ! 
g ?Q(no..) 

. I 

! ,. 'Z3 .•.. ~ ....... 

l 
I 
I 

l.Ol 
f 

i 
I 
I 

l 
l 
l 
i ·-·c·)' ) j ,}~. ;•_ i,U(.t 

l 
I 
! 
j 

'·• J>t,..l I / ('~t:; 

I 
t 

f 
l 
I 
1.0035 
I 
! 
I 

!. ·1 'l~ d • rll69'l 1 IB 1i.l ·1,., ,., K ~- ! 8214 11' oo·"'l'; I·,.... a · ,._;'::} I' b o 1... C i -- 1 - ;j _ , tr, ,r8 , ,, r:a 1.1! " . -~ • • uv u:..o 
8 

116.016917 

1

; .051 jEa&rJi! !r.:e,l.1i,P&S i1+.A20 .005(1a)I:Ma&l';te 
I 11 (h~n) 11 ll I :j(K+).8213 .,._ !K,PG:S 
I h 6.01G97 .05 !p ll l :1 I 

)I I '• I 'I II . \i ! ;i I 
92o6l ~~7,01820 ! .10 IB il3/2 jA(F•) · .. 13.~527 .0003 IG8 

! T.Ol822 
1 

.06 IM..i!.cP !! l ·!(bJ3.25:$2 , -.. )K,'Me,P&S 
!1 7_.018163 i .057 li'·ia lj ! !+3.250 .016 jf/.a 
~ . . 1 !. j ~. 3.2535 .0015 !G 

I I I ) . I '! I ( I .I 
i. ' I I ·I I i . 
~ 9.01506 l .20 iB , 3/2 1G,Ge._K*, 1t-1·1,?6 1 .oos(G)lG,G8 ,K,MepPC.:S 
i! 9.01503 1· .06 Mi&P 1

1 

j'M:e,P*&S i(E:"'}J/l"' ) 1 . 1 
100 

i 
I 
f 
i 

·I 
I 

I 
i 
I 

l 9.014958 I .062 1&i I 6-.783;p1 
: i I l-1.1745 
I ! - I 

18.8.3 jl0.01Gl6 .13 B ! 3 IG8 : 1.7987 
I 10.01618 .09 Mi&P ! 1 ,G,K•,Me, : +.597 

1
110.0161691 .070 Ma : . A~s -;_(K+).598 
' I ' 

81.17 I 11.01287 l .10 -B I 3/2 G,G8 , K*. [I 2. 6857 
! 11.01284 ·1 .08 !Jii&P I MesP*&S !i ?..t)82. I 11.012901 • 050 f,;a j lj (K+)2.686 

l .. 10 B l I ~~~:;;~~·, 
! I l V-+1.788;\ 
11 .

1 

I· 1 Kr=2.682) 
'! t. ' . 
I j :· 

112. oo3ss 6 .o1s I ~. o I G ,a8 ,;;,., MJI. o 
I 12.00382 .04 ><li&P llli,P&S 11 

1 
12.oo3aso .oz5 fua 1 

98.9 

.003 11a. 

.ooo9 !Gs 

.003 (Ma)!Ma&Me 
..• 003 (G) l G, K,P&S 

l I .ooo5 I G8 
. IMe 

.008 

.005 

. 1 K,:P&S 

I~· 
l 
I 

I 
lp 

I .: 
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I r II Ill I IVa I IVb l lvc it Va l Vb :I via '· vrb--
Isotope & : Isotopic Abundance! Exact I .Esto J Refo ;j Spin Refo !i Mlgnetid Es-t; .. I 
Elemental l Cross Section (in %) ( Mass Error! . i! =i ! lj Moment· Error 1 

Cross Section! ( o- ::l.n barns) : xlQ-3; :! l _ jj "" ? f 

(o-- in barns)~ jl ! I :_l l It I • 
I I ' I I I I 

I ·I I .: . I 'I ! 
I i + ll I i 1 + I 

VTc 
Refo 

c13 i .,1 lol :!13.00751 1-.010 !Mi&P ;jl/2 iF*£1G~Ga.K*:~ .70156 ,...0001 !Gs 
j :113.007561! o043 IMa. l !Me,P*&S i(K+).701 ; o002(G) jG"K,Me,P&S 

I, 11! 1 
1 :·3/2 n:a* :re=u/i=f .. oo4 i wa 

, 1 ·I ' 1 r· 1 
I !l_ . l !' !I I ;1.401 ' i 
I ·j I i' ,. ,j I I I · \1 t 1 !t • :I I 

c14 Cf >j < 200 I !I i [ \lo Jenkins(5) ij I I 
1. _ 

1
1 ! ·1 j[ 

1
j&Gs !I l I 

7) 1Tl4 

ci'N=l.7 

N15 

8) 016 

r 0=<.ool 

011 • 

018 

9) F19 .,... 

o-'F= .01 

I ., ll . j t ! I d 1 I 

11.7(np) !' 99.62 , 1114.0075361 .022 ~B jl A jj +.402 i o002.(llih)'I!Ml.&Me 
I ii 14.00751 f .04 ! Mi&P l H(K+).403 i o002 (G) G,Gs,K,P&S 

! I 1114.007530 I .016 f M~ I I[ 

.• 00002 l o38 ll15.00489 1 *21 'Mi&P h/2 G,Ga,K,M:l.,! (G!~.roo II o003~.1i) !as_,K,Mi,Me, 
! 15.004870 1 .072 Ma ~~ Me,Mi,P•&Si I iMi,P&S 

.. 00022' 

I ! oOl 
I 
I 

I 
l 

I 
I I 1 
I ' 

I 1-
, I 

I I I \~ I 99o757 1 16.000000 Stan- A 0 G,Ma,Me,Mi 0 -- P 

j ! dard t [ P&S j I 
I : I l . I ll I 

.039 ! 17 o00450 I .06 l Ma ,.Mi&Pj -- I •- i _.., --

j l . 'l ! II I 
.204 1118 o0049 ' I .40 I Mi. &P l;o ! F*&Ga II -- -- , • 

1

18.00485 .• 18 I ].h I i j! 

I 1 1. j ~ 
ol9o00450 .26 lMi&P ~~1/2 jG,Ga~K,Jlla,li 2o6255 

1

19.00454 .12 [Ma 
11 

Me,Mi~P&S .[ 2.627 
100o .ooo3 a8 

.003(G) G 
-- K~Me ,P&S 

10) Ne20 I 
~e Unknown! 

1 l I II(K+ ~.625 
II I I l 11+2 .622 

II . I ~· 
I I I 

90.51 lll9o99872 .. 13 B. I --. -- ' 
l9e99877 olO llii&P ~ 
19.998895 .os1 

1 
r.:a ;' 

o014 I Ma. 

I 

. I 

' 
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Isotope & 
Elemental 

Cross Section 
-0- in barns) 

... 

Ne22 

11) Na 22 
CINa=.45 ., 

Na23 

12) M 24 g •· 
c71 =.3 Mg 

Mg25 

Mg26 

13) Al27 

df..l ~.2! 

14) Si 28 

o-'Si= .24 

II 
Isotopic 

Cross Section 
(o- in barns) 

I le45 
I 
I 

.08 

.-21 

l 
I 

! 

III d IVa l ,, 
Abundance!) Exact l 

i 
(in %) !: 

9.21 

100 •. 

78.60 

10.11 

11.29 

100. 

92.28 

~ss 1 
I· I I' 

I ll 
lt ! 

L' I 

\; ·I· 
li 

1

121.99844 l 
121.99858 1 

II . 
II 

22.99618 
22.99644 

23.9924 
23.99300 

24.9938 
24.99462 

1125.9898 I 

25.99012 i 
·I' 

26.9899 I 

26.99069 l 

I 
27.9866 t 
27.98723 i 

i 

IVb~ IVc 
Ref, Est. 

Erro 
xlo-3[ 

I 

1 

I 
.• 36 
.30 

I Mi&P 
''Ma 

• 31 
.18 

Mi&P 
M3. 

.60 I Mi&P 

.38 Ma 

.90 I Mi&P 

.46 M:l. 

.50 1· Mi&P 

.3 . Ma 

.80 I, Mi&.P 

.43 Ma 

.60 'Mi&P 

.45 Ma 

Va! Vb i • v'1a 

'" {; 

l 

UCRL-290 
Fe.ge 8 

VIb VIc 
Sp~~ Ref. 

' 
Magnetic l Est. Ref. 

;~ .. ! I Moment Error [ 
], 

- l It =p 
I !> 

\ ! ll 
I -- l -- --! !; 

H ! d 

il 1 
II -- I 

H 
il 

l 

13 

!I 
il 
I 
!\ 1. '746 
I G9 

r 3/2 1 A(F*) 

I 
I . 
I 2.2149 I . 

I 

f 2.217 
1

1 

(K+ )2.215 
+2.216 

-- I . 
I I 

l I 
~ I 

5/2 1G,G8 ,K,M:t)j 3.634 
Me ,Mi ,P&S !I 3.6364 , 

l +3 .628 
I (Kt-)3.630 
n 
II 

l 
I 

• l 
~-

I 
!.oo3 I a; 

l 
I .ooo2 . a8 

.002 (G) G 
-- , K,Me ,P&S 

.011 Ma 

t --

.OlO(G) 

.ooo4 jGa 

.0100.&.) Ml&Me 
K,P&S 



,." 

.. ... 
UCRL~290 

Page 9 

Isoto~e & · Iso;~pic ~~~b-~-~~;n~ef--J7:;-~~~ ~-1~--~ ~=~oi'l! S;~~ · Re~o i ~::;~~ ~!~. ·~~ ~;~. c-

Elemental l Cross Section j (in %) tl h.fass Errori 'I =i i I Moment Error 
Cross Section~ (<r in barns) 1 . . !; • xlo-3j i; I 

1 
= ;u I 

0"-- in barns ) I ; I !1 1 ~ L 
----------~------------~4---------~.~------~-------r L ~-·~-r~-------

29 I '!l ' ' I I 

., 

Si · . ; · 4.67 jl28o9866 !.,60 j Mi&P \l -· f -- -- -- I 
!! 28.986511 .62 I Ma li I I 

Si30 

15) p31 

d""p=.23 

16) s32 

17's=·4 

s33 

3
34 

s36 

17) C135 

rcl=40 

Cl37 

18) A
36 

~=e62 to 
.A 

I 
I 
i .12 

I 
· f o23 

I 
I 

1.26 
I .14 

53 

I 
: .56 

I. 

I 
1.2 

I 

3.05 1._129.:9832 I .90 . : Mi&P !I -~ I -- -- -- I 
' I • I 1'29.98399

1
• .so :r~ !j ~ I 

- '! l. \ il I I 
' I i I I 

. J 30.9843 I .so iMi&P ljl/2 I GsG8 ,Ma,Me lol304 .t.oOOl 1
1 

G8 
,[30o98441J

1 
.27 IMa ~~ Mi~P&S !+1o1314 .0013 .Pound(6) 

11 I I ' It ' . I 

1
1 I I 1 I 

lOOo 

,f I I I 
95.06 \131~98089 II .07 I.Mi&P I 0 

1

. G,Ga,Ma,Me~ 0 -- IP 
!131~98252 .26 !Me. I Mi ,P&S I 

rl . I I I i ' 
o74 ]132.9800 1

1 

.60 IMi&P 1/2 IF* I 
I 32.9819 .3 ! Ml ! 3/2 I Townes (7) I 

\ I &G
8 II 

II I 
4.18 

1

33.97710 1 

. 1133.97981 ! 
.. 016 11 35.978 l 

. !j I 

75.4 

24;,6 

I \. ,l 

\j I 

1

1134.97867 1 

l34o97884 ! 
I. \ 
II l 
I i .. I 
J 36.97750 l 
!3s .97770 1 

I 
,.307 . 1135.97728 

i 35.9780 
I 

.35 

.37 

1.0 

.,21 

.19 

Mi&P 

~r~ 
jMi&P 

I 
I

Mi&P 
1'a 

.14 

1

: Mi&P 
o09 !;13. 

I 
1 

.37 l}/~ 
loO(P) 1 Mi&P 

I
. o I F*&G8 11 

! ,J 
•, i il 
I I :. 
I -- -- ;' 

! i 

1

1 ! 1 ! 
J i ' 

1

5/2 K'i';.Ma,:Me~ j .8210 .003 j Ga 
! Mi 9 P&S i .821 .,003 (G) G 

I• 3/2 I F ~G&Gg ll 1. 365 .. 005(M!.) Ma.&Me 
jj j l (K+)lo368 -- Ks P&S 

115/2 1 K*PI,fa.~Me~ !1 1.135 
II I MiDP&S II(W.)lJ.~6 

3/2 F 9 G9 G8 ; .68J. 
I I 

I 
l 

.oos(Mi)t Ma&Me 
K~P&S 

.. oo3 (G) I G&G8 



¥ 

.L 

41'1 

A " 

1
,.,, 3::l 

--"J K ,, 
0'' -? -.><.·---. b 

• 

f 

\. 62 to 1.2 

; 
j 

l 
K4o r·~ ,,-t 

\. .Ll I c· .tl 

K4l 

.,,..,",.. 40 
..._.,-'} \A1. 

r:r-i.., =.5 
\,f.t 

Ca 
42 

.... 43 vu 

~ 44 ·.Ja 

Ca46 

48 Cu 

?l) ,, 45 
'" o.)C 

cr:.. =22 . 
Sc. 

Y) ~ 

1 ,1.0 

I l . 
;.0002 

! 

.63 

- ( :~ ~ 49 • n5 -7 ~10m ·..,a ) 
.21(-:)Z.~h en. 49) 

22 

6.7 

96.96 

• 64 

.15 

2.06 

.0033 

.19 

100. 

40.9'739 

II 39.9753 
~~9.9745) 
! 
" 41.9711 

! 42.9723 

I 

44.9669 
44.96977 

1.50 !h1i&P 
S• 

Mi,P&Sl· . 

Mi ,P&SI 

G,G8 ,K,l.fi,ll-1.292 
P&S -1.290 

G ,G8 ,itTa ,Me~ 0C+).215 
Mi,P&S fi+ .217 

.63 1i:\ 
7/2 1 G, Gs , :ta ,Me ~ 4. s 

4 

• UCRL-290 
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ITo ~-

l:{e f. 

.oos(G)l G&Ge 
-- K,Me,P&S 

.ooz(a)l G,G8 ,K,P&S 
• 001 ~I 1-&a&i'i!e 

I 
I 

I 
I 
I 

G, Gs , i:.il.&I~ 
p I

. i>li&P 

I W.i ,P&S 114.6 
· '4.4 to· 4.€) s 



r 

• • 

I j II u:rrr-----,r- IVa l IVb I IVc n Va I ---vo----. ---vra . 
Isotope & i Isotopic Abundanoe1 Zxact Est. I Refo.\1 Spin i Ref'. ll\.fagnetic 1 

. Elemental! 1 Cross Sect:ion (in}&) I ihss- I Error 11 =i 1 ! M>ment ! 
Cross Section (o- in barns) xlo-3 I I I = p, j 

1o- · \. )i ! : . 1 , J n :Ja rn s 1 ; i • . 

22) 1'i46 

tr:!i =5 .2 

Ti47 

Ti48 

T_.49 
l. 

..... 

Ti50 

23) ~1 

~v= 4.5 

24) c~50 
d"",.. =2 .5 
. vr 

Cr52 

Cr53 

Cr54 

5"' 25) Mn " 
~ ...... =13 

.il.U 

26) Fe 
54 

ore =2.5 

t 'I I ! 
' I I ! 7.95 , 45.9661 !1.0 Mi&P l -- -- j --
. I !t(45 .9678) -- S* i t 

I I li ! 
7.95 

I 
73.45 

I I . I 
I 

.14 (""' 6m Ti 
51 

) l ~~:9 (-. 72d TiSl) 

5.51 

5.34 

100. 

I 

In 4.49 

I 
83.78 

9.43 
I 

.0061 2.30 

13 I 100. 

2.5 5.81 

146.9647 1.0 IMi&:P II -- -- I 
47.9631 .50 Mi&P I -- --
47.96570 .38 IMa I 
48.9646 I . 60 II, Mi&P I 

48.964 2.0 NR&:S 

i 51.956 
151.959 

I 
52.956 
~2.9572) 

.40 
2.0 

~50 

.63 

Mi&P 
.Ma&S 

Mi&P 
Ma 

-- !Mi&P 
• 9 (W.a) ff,a&S 

Mi&P 
S* 

7/2 (?) 
(G&G8 ) 

54.957 
(54.9653) 

Mi&P i 5/2 
S* 

53.957 
53.961 

-- I Mi&P I 
2 • 4¢.a) 1~&S I: 

Ma.* ,Mi, $ 
&G 

I, 
I 

I. 

! 
I 

G,G8 ,Ma., Me, ~. 0 
IMi,P&S 

UCR.L-290 
Page 1l 

-vr5 
Est. 

Error 

"VIc 
Ref • 

G, G8 ,Mf:J. ,Me ,Mi • 
P&S 



• 

. . 

I II l · III IVa ·~ IVb 
Isotope_& Isotopic AbundimcE .~act Est. 
.Elemental Cross Section I . (in %) Mus· Error 

Cross Section (o- in . ~rns ) . ~ xlQ-3 
. (tr in barns) . 

56 2.9 91~64 "55. 9568 + Fe -1.7 
55.9571 1.8(Mi} 

Fe 51 .. 
.5 2~21 56.957 --

. y.s6.9609) 

Fe 58 • 36 .34 -- --
" ' 

27) Co 59 60 ... 
22(~ 5.3y Co ) 100. -- --

(Tf, =36 .66(-+ 10.7.m co60) Co . 

-

2aj Ni
58 

4•3 67;76 57.95971 .• 41 
o-'Ni =4; 5 - -

N.EiO 
_l. . 2.7 26.16 59.94981 .33 

.. Ni61 1.25 60.9540 1.5 

Ni62 14.8 3;66 61•94959 ~ 39 

Ni64 2.6 1.16 63.94744 .56 

29) cu6.3 -2.8 69.09 62.957 1.3 
o-cu=3.5 

. 
l:Vc Va. Vb VIa 
~f., Spin Ref.· Magnetic 

I :::i Moment 
. = )l" 

, . 

Mi&P -- -- --
Ma&S 

Mi&P -- -- --
S• 

-- -- -- --

-- 7/2 G,G8 ,Ml,Me 2.7 
Mi ,P&S 2.63 

(3.5) 

Ml -- -- --
~ 

Ma --·' -- --
Mi -- -- --
Me. 

Ma -- -- --

~ 3/2. F,G,Ga,M.a.P 2 .. ,2233-
Me,Mi~ P&S +2.2265 

2.5 
I 2.43 . lf.65jp63,., 1 
1.04 (per 

llMl) ) 
I' 

.. 
UCRL-290 
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VIb 
Est. 

Error 

--

--

--

VIc 
Ref. 

--
--
--

--- G,Me&G8 -- Ma&P -- s 

_ ... --
-- --
-- --

-- --
+ -.0007 G8 

.0025 Pound(8) 
-- G,Ma&Me 
-- P&S 



• 

I 
Isotope & 
Elemental 

Cross Sect~on 
(v in barns)~ 

I 

II 
Isotopic 

(!ross Section 
(o- in barns') 

65 ' 
·Cu !1~8 

30) zn 64 
tr"".. =.9 Zn . 

Zn66 

i • 
I 
I 
j.5 
I 
I 
I I ..... '~ 

! 
l . 
! 
l 

. Zn67 
! . . l 
11.0(~ 57m Zn 69 ) · 
•09(-tl3.8h Zn~9) 

. Zn68 

zn70 

31) Ga~9 
~ =22 

Be. 

Ga71 

32) Ge 70 

tJGe :2.8 

.09 

L'l 

3o4. 

II! 
Abundance. 

(in %) ·I r~i\s s 

30&91 

48.89 

27.81 

4'.07 

18.61 

.620 

60.2 

39.8 

20.55 

" . :! 64.955 
·i 
I ,, 
I 

I 
I .. 
I 

163.957 
·I 
H 

!65.953 
:j 
II 
I 

tl 
'I 

··'r 
L 67.955 
:! 
.I 
I· 
p 
)f 69.954 
!1 ,: 
'i; 
t 
tr 68.956 
I; 
i:. 
j; 
ii 
j( 
i! 
i! 
il 
!1 ,, 
lj 
li 

li70 .. 954 ,, ,, 
F ll 

I. 

I 

:1.3 

2.7 

2.8 

3.5 

3.7 

3.·5 

3.6 

I 
!Ma 

I 

:• 

::.i 

113/2 
II 
II 

II (o) 

Ma :( (0) • It . 
I! .. 

, -- · jl5/a 
1 r 
jM> ~(o) 
\ I· 
Ml 

I· 
tMa 

I. 
' i 
' 

" 
j· 
;i 
H 
i' i: 
\;3/2 

.ti ,, 
;j 
·' f 

:j 
!! . 
~ 

J 
~;: ~q 2 

r ,! 
p 

il 
ii 
j ,, 
~ 

I 
~ 
1 
~ 

VIa i . . I 
lklgnetic : 

Moment ~ 
= P I 

UC~290 
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Ib 
Est. 

Error 

Io 
Ref. 

I 
I' ' F, G, G8 , Ma 11 2. 3817 

'+ . 
Ga . 
Pound(8) 'Me,Mi,P&:l) ii +2.3847 

J II 2.6 
·' II 2.54 

!I 
" ii ., 

1 

s 

,, 
1' s . .... jl 
;! 

· G, Ga ,Ma, !i + • 9 
. P&S 

iS 
I 

'i 

I 

" ~! ,, 
•t 
;} 
II 
11 
ii 
l! 

~ ~ 
H 

' I I[ • 
;F,G,G8 ,Me41 2.016 
lMi,P&~~ !1 ~.0165 
: !I +2.11 

'I 
:! ' 71/. 69 ( 
;;U' I ).l = ;; 1. 270 . 
ll (per r.a) ~ · 
I; \ . 

I . it 
. F .G,G8 ,1h ~! 2. 561 
:Me,Mi,P&Si\ 2.5611 
t :l +2 .69 

~ i 
n 
t! 
If 

ll 
It 
•I 

~ 
·-j 

,-.0007 

i 
! 
f. 

l 
I 
I 

t 
I 

I 
I 
l 
I 
! 

.0030 

--

.003 

.0035 

•. 003 
.,0030 

G,Ma&.Me 
P&S 

1 G, a8 .~..a, Me. 
i Mi,P&S 

·I 

Ga 
Pound ( 6) 
G,J&\,Me,Mi, 
P&S 

Ga 
Pound(6) 
G,Ma,Me,Mi, 
P&S 



• 

I 
. Isotope & 
Elemen-tal· 

Cross Section 
( pr- in barns ) 

- 72 
-Ge 

Ge13 

Ge74 

Ge7,6 

33) As 75 

cr:A =4.3 
- ~ -

---
34) se74 

~e"'l-~ ,,, 

s~·rs· 

Se77 

- 78 Se 

~680 

Se82 

35) Br79 

cr:.B =6.5 r ·. 

II 
Isotopic 

Cross Section 
( o- in barns) 

.38 

.085 (~12h Ge 77 ) 
• 095(~59s Ge77) 

! III I Abundanoet,. 
j (in %) '' 
I 

IVa 
~aot 
Mass 

I -27.31 R -• 

7.61 

36.74 

7.67 

I 
4.3 ._ 1 100. (74.934) I 

22' -· .. , 

_.034(~ 39m Se81 ) 
.4€(417~ s~e1) 

• 05 c~ 67s Se83) 
• 004 (~ 20m Se83) 

( - 80 2. 8 ~ 4. 4h Br - ) 
8.1 (~18m Br80) 

, 

I 
.87 

9.02 . 

7•58 

23.52 (17 .938) 

4!?..82 krs.stt2) 

9.19 • --

50.5 78.942) 

...--

IVb 
Est.­

Errol 
xlo-3 

s'* 

IV11 i 
Ref~ 

!-
-- I 

--I 
I 

l 

Va 1 
Spi,-
=i . 

I 
I 

l -- ! 
-- ! 

I 
I 

-- ! 

1,1 --

! 
I I 

! ~/2 
I 
IJ - -

0 

0 

-- ·I -- 111/2 

-- ~s* 110 

-- - 's* 116 

UCRir290 
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Vb 'I VIa --VIb 
Ref.· ! Magnetic-- Est • 

Moment Error 

( 

li 
I 

I-

l 
f 
I 
! 
I 
I 

i 

:::. )l 

-... 

F.G._G_a,Mlt: +1.5 
Me,Mi,P&:~ ; 

Gs 

Gs 

G8 

I 
} 

i 
l 
I 
' i 
j 

Gs l 
~S Ye .~~, rll 

I 
II 

--

i 
I 

I 

-I 
I 

I "- . 
! --
! 
I 

-1 

i 
) 

t 

-... 

I --
r 

Vlo 
Ref. 

I
:_G,Ma.,.Me ,Mi 
P&:S -I . 

i 

I 
I 

I 

i 
!' 
I 
l 
I 

_ _. 

S* 3/2 F, G, G8 ,:rv.a , it. -2.1os r-.oos Ga 
Me, Mi,P&S 2 .lo66 r .oos 

(2 .no) IC. 021) 
z. 6 i --

2.61 ] --
1 !Jl79 /,u8lc: 
i[l.o(per Mi) 

Pound (9) 
G 
:Ma. ,Me&S 
p 



A 

'(\ 
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I __ __ n · . I_! I _}Va · -~· . ~Vb. -l-- IVc I!~ -va.- - - Vb- --- ~~ ------vTa~-t- -v. 
Isot.ope & ! . Isotopi~ Ab~ndance: Exact Est.: Ref.! Sp~N. Ref. [ ~l!a.r;netic Est. 

_ Elemental ! Cross Sect1on :hn %) · ! r1Bs.s. Error! · ! "'1 i Moment I Error 
_ Cros~ Sec. tiori i (</."' in bnrns) ' ~~· I xl0-31 ; 1 !1l = p : 
~ _1n ~arns) 1 ; 1 • 1 : I __J 

0 

Ref. 

. Br81 

36) Kr
78 

uK· =.045 .r. 
Kr80 

-82 
Kr 

Kr83 

,,. 84 
Kr 

Kr86 

37) Rb85. 

crab ..... ss 

1 
:2.25 

l 
1.26 
I 

i •. 

l 
! 
! 
l 

I 
i 

·\[ ~ cl :1 ~ ' h ~ : • 
· I(· . · ·) f- I " j: I fl J' . + . so~940 ! -- , S* -

1
·;3 2 l F,G,G8 ,rit 

1

- 2.2G68 l-.ooog 
I · 1 ~ I ~ 

'I ; ·j'l 'lV!e,Mi,P&S 11 2.2706 i ~03 
I I : i . 1 
,j I tl : ;! 2.6 I 'I . ,I I 'I 
1 : (i J ; 2 • 61 i ,--

' I . I .I . • ) I 
! iJ i i 1' j 'l ( 2 • 2 7 3 ! ( • 02 3) 
I I ' J I I : I . ' I . ,; I .. , 
! l[ .I ~· [; l :1 i it • !; t~ 
i . ! . I + I ji !; 
I -.342 :1·177.945 I -1.6 i!.it >: -- -- :: 
' l I • I ., 
I ·· • i !; i• r il : , r: , !: 
, 1. ~ 1 •· I 
II 11 , r 1'. 1 1; 

p l ' . 

I 2 • 2 2 3 .! -- 1 -- i --! ti l : ! 
I I! ' . : 
\ 11.50 li[81.93? 1 1.3 jMa 
1 i i 

I
' 11.48 ~: -- -- l -- . 

•. I 
. l ! ! I 

49.5 (}8 
Pound(9) 
Ml., Me&S 
p 
G· 

I I i i 
. . as , n i L 

,.os3(~ 9.4y Kr ) 1. s1 .. o2 !183.939 1.3 ; Ma 
'.096(~ 4.5h Kr85) I jl : 

I !i , 

l 

I 

I 

l.n 
I 

.064 17.43 

72.8 

I 

185.939 

I 

~ ,I 

~ 

.s 
i 
i 

!! . I; 

:?•G8 ~K,Ma~~ 1.3515 
;•~Te ,M1 ,P&S II + 1. 345 

~ooo1 lG8 
• 008 (G) I G , b'8. &Me 
.oos~ I 

mP(p- L2 
Y}i 

I 

27.,2 
I 
~ J 
~ 

1 'I+ 1. 345 
. I.(K+)l.340 

II ' I 

[G,G8 .K,}:a.~ 2.7471 
• >• ·r· p•-s .1 2 7"3 t ~'118 , l'- 1 ' Cl.ll.. q + . • t? 

r \1 +2. 741 
.1 2. 723 

-- lP&S 

~oooa IG8 
. K 

o009~ Ua&Me 

38) sr84 

,;~ =1.8 
t5r 

l 
.56 i ) 

.i 
! I! 2.744 

II 
l' 
II 
I> ;I 

-- P&S 
• ~09(G) G 

I 



oQ 

~- ·-··· II 
Isotopic 

----~ ~-l· ~- - -1 
Isotope & 
-Element. a 1 

Cross Sect:\of"l 
Cross St?ction 

··-<o- i~ ·mrtl~ 
86 Sr 
P.'7 

sr-

Sr88 

39) y89 
. (/~=1.2 

' 
40) ,Zr90 

o--zr ""•4 

Zr9l 

? 92 .... r 

Zr94 

- 96 Zr 

41) Cb
93 

ocb =1.2 

42) }lio92 

<TMo =2. 6 

Mo94 

Mo95 

Mo96 

( o- in barns) 

1.3 

.005 

I· 
--

11 ~ j .• ~ .. 
i ' 
I 
I 
I 
l 
! 
i 
l 

I 

l 
I 
I 
I 

, •. 4~ 
l 
I 

)•60 
! 

11~2 
I 
I 

I . 
i"006 

I 
I 
113.4 

11. 

III IVa IVb 
Abundance Exact. 

.. 
Est •. 

(in%) llass . Error 
x1Q':"'3 

-~ , .. ' --
9.86 -- --

.. 

7.02 -- --

82.56 ...... --
--

100. -- --
-
' 

51.46 -- --
.. 

11.23 -- . --
17.11 

. I -- --. 
> 

17.40 -- --
2.80 . -- --

100. 
-- --

! 
15.86 -- --

"9.12 93.945 + 
-4.2. 

15.7 94.946 4.3 

16.5 95.946 4.3 

• · UCRL-290 
· Page '16 

·rvc ·· Va Vb' VIa- VIb VIc 
Ref Spin Ref.: Magnetic ~t. Ref. 

.=i Moment Error 
-=p 

_, 

-~ (0) s -- -- --
> 

-- 9/2 G,G8 ,.tm, -1.1 -- . G, G8 ,Ma,Me&P 
~&p 

-- (o) S,G&Ga -- -- --

1/2(?) I G, Ge&lo!e -- G,.Me*&~ (0.1 --
(G&!€) 

I 
/ -- -- -- -- -- --. ' 

-- -- -- -- -- ..... 
-
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Bal36 7.81 -- -- --
Bal37 11632 I --, -- --

I 
. 138 

.51 71.66 I (137 .91s > S* Ba . --
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