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ABSTRACT 

A compilation of the reported half-lives of some of the most commonly used 
long-lived actinides is given. « Best » values and limits of errors are 
proposed. The compilation shows where further accurate measurements 
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ι . Introduction 

In addition to its general importance an accura te 

knowledge of the half l ives of the actinides is of par t icu lar 

in te res t in the quantitative determinat ion, by a radioactivity 

measurement , of the number of atoms present in a sample 

(e. g. samples for c ross section m e a s u r e m e n t s ) . Combined with 

a determinat ion (e .g . by m a s s spec t romet ry) or a knowledge 

of the isotopie composition, the m e a s u r e m e n t of the radioactivity 

is the mos t simple and probably also the mos t accura te mean 

for the nondestruct ive determinat ion of the amount of ma te r i a l 

in a sample, provided that the decay constants of all the present 

nuclides a r e accura te ly known. Unfortunately, as al ready stated 

by Hanna et al . in 1969 , severa l new halflife m e a s u r e m e n t s 

♦ A A ■ *K 1 ♦ / f
 2 3 3

TT
 2 3 4

TT
 2 4 1

TD 

repor ted during the las t years (e. g. for U, U, Pu, 
241 

Am) were in ser ious d i sagreement with the previously accepted 
va lues . The same authors repor ted that at that t ime the halflife 

239 
of Pu seemed to have escaped so far this malady and they 
ass igned an e r r o r of + 0.2% to the adopted mean value. Two years 

(2) 
l a te r a carefully per formed new m e a s u r e m e n t yielded a value 

quoted with an accuracy of + 0.2% but differing 1.3% from the 

previously adopted mean. A further typical example is that of 
241 

Am. In I967, as a resu l t of two previously repor ted values, 
(458.1 + 0. 5)y ' 3 ' and (457.7 + 1.8)y *4 ' a mean of 458y was 

"(5) 
adopted . In 1967 and 1968 three new values were repor ted: 

(432.7 + 0.6)y ^6\ (436.6 + 3.0)y ^ and (433 + 7)y ^ and in 

(9) I97I a value of (433 + 2)y was proposed . One year l a te r Jove 

and Rober t published a new value of (426.3 + 2 . l ) y 

These examples show that it is very difficult to evaluate repor ted 

ha l f  l ives . In this r epor t we do not at tempt to give an evaluation 

but r a the r give a compilation of published data, along with what 

we consider to be "bes t" values and l imi ts of e r r o r s . One of the 
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aims of this compilation is to show where high accu racy 
m e a s u r e m e n t s still seem to be recommended in o rde r to r e so lve 
some existing d iscrepancies , including the apparent sys t ema t i c 
differences between values obtained with α-counting, c a l o r i m e t r i e 
and m a s s spec t rome t r i c techniques. 

2. Compilation of repor ted half- l ives 

Half-life values of some of the mos t commonly used 
long-lived actinides (generally only those repor ted s ince about 
1950) a r e compiled. The l i t e ra tu re data a r e s u m m a r i z e d in the 
tables Al to A14 of the appendix. Where avai lable, the m a t e r i a l 
used for the determinat ions is specified (% of the isotope under 
investigation re la t ive to the e lement) . The pe rcen tages , usual ly 
determined by m a s s spec t romet r i c analys is , a r e given as quoted 
by the authors (atomic % or weight %). F u r t h e r m o r e a very brief 
descr ipt ion of the methods used is given. Unfortunately, often 
the methods a r e not well descr ibed and impor tant data a r e m i s s i n g : 
e. g. s toichiometry, chemical purity, (both very impor tan t when 
the number of a toms a r e determined by g r av ime t r i c methods) , 
investigation of possible radioactive impur i t ies and thei r contr ibution 
to the counting r a t e s , e tc . 
The half-life values a r e given with the e r r o r s quoted by the au tho r s . 
General ly it is difficult, and even impossible , to compare these 
e r r o r s , as often they a re not c lear ly defined. In some c a s e s it is 
the s tandard e r r o r of the mean of severa l individual r e s u l t s . In 
other cases it may be the standard deviation, or the pure s ta t i s t i ca l 
e r r o r , or a combination of s ta t i s t ica l and sys temat ic e r r o r s , even 
summed up in different ways by different au thors . It may be 
1σ, 2σ, or 3 0 - e r r o r s , e tc . 
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2. 1 2 3 2 U (Tab le A l ) 

The two r e p o r t e d v a l u e s , quo ted wi th an e r r o r of 

+ 1 .3%, differ by 2 . 6 % . S ince the m o s t r e c e n t va lue is b a s e d 

on a d e t e r m i n a t i o n of the spec i f i c a c t i v i t y of h ighly e n r i c h e d 

m a t e r i a l by two i ndependen t m e t h o d s a h i g h e r conf idence can be 

a t t r i b u t e d to i t . T h e r e f o r e , one can adopt for the ha l f - l i f e of 
232 

U a va lue of 

(72 + 2)y 

The r a t h e r high u n c e r t a i n t y i s of l e s s i m p o r t a n c e for the def in i t ion 
232 of U - s a m p l e s by a c t i v i t y m e a s u r e m e n t s . In m o s t U - s a m p l e s U 

i s only p r e s e n t a s a c o n t a m i n a t i o n . Due to i t s h igh spec i f i c ac t i v i t y 
232 the c o n t r i b u t i o n of U and d a u g h t e r s to the count ing r a t e s can be 

d e t e r m i n e d a c c u r a t e l y and d i r e c t l y , wi thou t a need for an a c c u r a t e 

knowledge of the d e c a y cons t an t , by a - or γ - s p e c t r o m e t r i c a n a l y s i s . 

2 . 2 2 3 3 U (Tab le A2) 

233 A c c u r a t e knowledge of the U ha l f - l i f e is of i m p o r t a n c e 

for the d e t e r m i n a t i o n of f i s s i o n c r o s s s e c t i o n s . S o m e e a r l i e r 

e x p e r i m e n t s wil l have to be r e v i s e d when a p r e c i s e r e l i a b l e va lue 
( l ) 233 b e c o m e s a v a i l a b l e . U i s s o m e t i m e s useful to sp ike u r a n i u m 

s a m p l e s of low spec i f i c a c t i v i t y for the p u r p o s e s of q u a n t i t a t i v e 
/o c \ 2 3 3 

a n a l y s i s . The U - s p i k e m a t e r i a l can be s t a n d a r d i z e d a c c u r a t e l y 

by α - c o u n t i n g , but an a c c u r a t e va lue for the ha l f - l i f e is e s s e n t i a l . 

Unfo r tuna t e ly , the s p r e a d of the m e a s u r e d v a l u e s is m a n y t i m e s 

l a r g e r than that e x p e c t e d f r o m the c l a i m e d a c c u r a c i e s . Hanna 

e t a l . ' ' e s t i m a t e d f r o m the p u b l i s h e d da ta (1952-1969) a b e s t 

v a l u e of (1 .593 + 0. 024)10 5 y . 

The r e p o r t e d v a l u e s can be subd iv ided in to 3 g r o u p s . 
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The f i rs t 6 resu l t s (19521967), all based on αcounting techniques, 
5 

yield a mean of (1.617 + 0.008)10 y. Then (19671968) two r e su l t s 
5 

yielding a mean of (1.554 + 0.003)10 y have been published. One 

of the two values was obtained by αcounting, the other one by 

ca lo r ime t r i e techniques. Therefore , the m o r e than 4% lower value 

can not be explained only by the apparent ly sys temat ic d i sc repancy 
(2, 19) 

between halflife values obtained by αcounting and by c a l o r i m e t r y 
5 

F o r the third group (19691973) three values , all nea r to 1.59 10 y, 

a r e available ' . The excellent ag reement between these r e s u l t s 

and especial ly between the ANL and CBNM values, based on carefully 

and accura te ly performed measurement s using s eve ra l independent 

methods, solves the previously existing d i s c r epanc i e s . F r o m these 

m e a s u r e m e n t s following "best" value can be adopted: 

(1.592 + 0. 003 ) l 0 5 y 

2 .3 2 3 4 U (Table A3) 

234 
The halflife of U is of g rea t impor tance since the 

decay of this isotope is dominant in mos t u ran ium s a m p l e s . 
234 

Accurate knowledge of the Udecay constant will allow, from 

activity m e a s u r e m e n t s and knowledge of the isotopie composit ion, 
235 

an accura te calculation of the amount of U, especia l ly U, in 

mos t of the t a rge t s used for c r o s s section m e a s u r e m e n t s . 

Here also, due to the large spread in repor ted va lues , the si tuation 

till to 1971 was unsat isfactory. The values repor ted between 1952 
5 

and 1965 yield a mean of (2.50 + 0.03)10 y. The mean of th ree 

new values (19691971) is (2.443 + 0 .004) l0 5 y . Since the CBNM ^ 3°^ 

value is based on a high degree of technique var ia t ion ( severa l 

independent methods, severa l m a t e r i a l s ) , and is confirmed, within 

(29) (31) 
the l imi ts of claimed e r r o r s , by the ANL and A E C L  v ' 
values one can adopt as "besf 'va lue , as a l ready recommended 

(87Ì 
by the 1972  IAEA Panel on Neutron Standard Reference Data v ; 
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and in agreement with the value selected by De Volpi : 

(2.446 + 0. 007)l0 5y 

The 0 . 3 % e r r o r (30-basis) s eems , at present , to be sa t i s fac tory . 

2 .4 2 3 5 U (Table A4) 

For the determinat ion, by activity m e a s u r e m e n t s , of 
235 the amount of U in highly enriched U-samples , with very low 

U-concentra t ions (< 0.1%) the half-life of U is needed. The 
g 

mean of the values repor ted before 1971 is (7.03 + 0.10)10 y. 
The stated uncertainty is the s tandard deviation; it was commonly 

(38 39) thought that the accuracy was not be t ter than 2-4% ' . Such 
a situation is cer ta in ly unsat is fac tory for accura te c ro s s section 
de te rmina t ions . 

(38) For tunate ly , Jaffey et al . applied improved techniques with the 
goal of reducing the e r r o r to not m o r e than + 0 .2%. The resu l t 

g 
of their carefully performed m e a s u r e m e n t s was (7. 038 + 0. 005)10 y, 
thus agreeing within 0 . 1 % with the mean mentioned above. The 
quoted e r r o r (less than 0.1%) however is only the s t a t i s t i c a l 
s tandard e r r o r of the mean based on the sca t te r of the observed 
data. Employing the same e r r o r philosophy as for the CBNM-
m e a s u r e m e n t s on U by adding to the 3CJ-statistical e r r o r 

g 
an upper l imit of 0.005 10 y for possible sys temat ic effects, 
as es t imated by the authors , one gets an e r r o r of + 0 . 3 % . 
Since this resul t is obtained from the mos t accura te m e a s u r e m e n t s 
one should (at l eas t as long as no further accura te m e a s u r e m e n t s 
a r e repor ted) adopt as "bes t" value 

(7.038 + 0 .020) l0 8 y 

In order to be su re that possible sys temat ic effects a r e not 
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underes t imated a second high accuracy determinat ion, p re fe rab ly 
with seve ra l independent methods, is des i r ab le . 

2 .5 2 3 6 U (Table A5) 

y o L 
The half-life of U is of l e s s impor tance for the 

definition by activity m e a s u r e m e n t s of commonly used U - s a m p l e s , 
"? *\ fi 

where only smal l concentrations of U a r e p resen t . 
The repor ted values a r e spread over about 5%. According to 

(41) Flynn et a l . l ikely sources of sys temat ic e r r o r s could explain 
the deviation of the f i rs t resul t in Table A5 but no explanation 
could be given for the d iscrepancy between the two other va lues . 
Therefore it is not very meaningful to propose a bes t value as long 
as no new accura te m e a s u r e m e n t s a r e per formed. As long as r e s u l t s 
of such m e a s u r e m e n t s a r e not available one can adopt the m o s t 
accura te resul t , but •with an appreciably higher uncer ta in ty : 

(2.34 + 0 .02) l0 7 y 

2 .6 2 3 8 U (Table A6) 

(38) Jaffey et al . per formed careful m e a s u r e m e n t s on 
238 highly depleted m a t e r i a l . The ' U-act ivi ty of the two samples used 

was respect ive ly 90 .7% and 99. 7% of the total α-ac t iv i ty . Since 
the obtained value for the half-life is confirmed by another p r e c i s e 

(45) m e a s u r e m e n t one can adopt the ANL-value as "bes t " value, 
235 but with an increased e r ro r , as obtained for U (3σ s t a t i s t i c a l 

sys temat ic e r r o r ) : 

(4.468 + 0. 010) l0 9 y 

? 3ft 
2.7 Pu (Table A7) 

Lit t le information is avai lable . Because of the unce r t a in t i e s 
242 on the Cm-isotopie composition and the Cm half-l ife for the 
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method based on the growth of Pu one should a t t r ibute 
a higher confidence to the r e su l t s obtained by the ca lo r ime t r i e 
method, however with a considerably higher uncer ta inty as 
quoted, mainly because of the general ly existing d iscrepancy 
between resu l t s obtained by ca lo r ime t r i e methods and counting 
techniques. Several f igures between 87.4y and 87.8y, all 
a t t r ibuted to ca lo r ime t r i e de terminat ions performed at Mound 

(47-50) Labora tory , a r e repor ted without detai ls . It s eems likely 
that the more recent values a r e revised figures of the previous 
ones . As long as no new accura te m e a s u r e m e n t s a r e performed 

2 38 one can adopt for the half-life of Pu: 

(87.8 + 0.8)y 

2.8 2 3 9 P u (Table A8) 
239 The half-life of Pu is very important for fission 

(2) c r o s s section de te rmina t ions . Before the 1971-value of Oetting 
was published the s i tua t ion seemed to be very sa t is factory . The 
mean of 8 values ' (including one ca lo r ime t r i e d e t e r 
minat ion ' ' was (2.4365 + 0.0041)10 y. The mean of 4 values 

quoted by the authors with an accuracy of + 0 .2% or 
be t te r was also (2.4365 + 0.0044)10 y. Only one ca lo r ime t r i e 

(51) value , with a c la imed e r r o r of 1%, deviated 1.1% from the 
mean . The situation was completely per turbed by the recent c a l o r i 
m e t r i e determinat ion of Oetting on a very pure ma te r i a l , yielding 
a half-life value (claimed to be 0 .2% accura te) which is 1.3% lower 
than the mentioned mean. High accuracy m e a s u r e m e n t s a r e urgently 
needed to resolve this d iscrepancy. Measuremen t s will be s ta r ted 
soon at CBNM. Until new data a r e available one can adopt as 
half- l i fe: 

(2.430 + 0. 025)l04y 
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2 4 0 
2 . 9 Pu (Table A9) 

3 
The repor ted values, with a mean of 6.52 10 y, a r e 

spread over 8%, although most values a r e c la imed to be bet ter 

t h a n 1% accu ra t e . 
^u t Λ (19,54, 57,61) . _ . 
The mean of 4 values, quoted with an e r r o r l e s s 

3 
than 1%, is (6.62 + 0.10)10 y. Combining both m e a n s with the 

p rec i s e ca lo r ime t r i e value of Oetting one can adopt: 

(6.55 + 0 .07 ) l0 3 y 

■ 

Accurate m e a s u r e m e n t s should be per formed in o rder to reduce 

the uncer ta inty . 

241 
2. 10 Pu (Table AIO) 

Here we have a very par t i cu la r s i tuat ion. Four 

m e a s u r e m e n t s , using the ' Am-growth method, yield a 

mean of (14.0 + 0.15)y. Three m a s s s p e c t r o m e t r i c m e a s u r e m e n t s 

yield (14.9 + 0 .25)^^6 mean of the two m o s t p r e c i s e 

m e a s u r e m e n t s being (15.0 + 0 . l ) y . One m e a s u r e m e n t 

based on the changes of the reac t iv i ty yields a value between both 

m e a n s . 

The d i sc repanc ies of up to 7% between the different methods , 

especial ly the growth- and m a s s s p e c t r o m e t r i c method, should be 

reso lved by careful m e a s u r e m e n t s using all avai lable independent 

methods . As long as resul ts of such m e a s u r e m e n t s a r e not avai lable 

one should adopt: 

(14.5 + 0.5)y 

>y S 
(70,75) 

The 0. 34y i somer i c state repor ted by Stepan and Nisle ' was 

not observed by other invest igators 
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? 4 ? 2.11 Pu (Table A l l ) 

The spread of the repor ted values, with a mean of 
5 

3.77 10 y is 6%. The mean of the two values determined relat ive 
to the half-l ives of 2 4 ° P u and 2 3 9 P u is (3.87 + 0 . 0 l ) l 0 5 y . Since 
the e r r o r on the re fe rence half- l ives is not considerably higher 
than 1 % one can adopt for the Pu-half - l i fe : 

(3.87 + 0. 05) l0 5y 

2 4 4 2. 12 Pu (Table A12) 

The mean of the two values m e a s u r e d on enriched 
23Q 7 4 0 242 7 

m a t e r i a l , relative to 7 Pu, Pu, and Pu, is (8.23 +0 .05 )10 y. 
On the basis of an uncer ta inty of about 1% on the re ference half-
l ives one can adopt 

(8.2 + 0. I ) l 0 7 y 

?41 2 .13 Am (Table A13) 

Comments have been given in the introduction. One 
can adopt the mean of the four recent de te rmina t ions : 

(432 + 4)y 

2. 14 2 5 2 C f (Table A14) 

Since 1965 four accura te values (quoted e r r o r s of 
252 0.2 to 0.4%) have been published for the half-life of Cf, 

a nuclide often used as a s tandard for neutron sou rces . One can 
adopt the mean of these values : 

(2. 64 + 0. 02)y 
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C o n c l u s i o n s 

F r o m the a v a i l a b l e d a t a " b e s t " v a l u e s a r e p r o p o s e d , 

t o g e t h e r wi th e s t i m a t e d u n c e r t a i n t i e s . T h e s e f i g u r e s a r e s u m m a 

r i z e d in t ab l e 1. If a c c u r a c i e s of 0 . 2 - 0 . 3 % would be p u r s u e d 

a lo t of new a c c u r a t e d e t e r m i n a t i o n s shou ld be p e r f o r m e d . T h e 

m o s t u r g e n t m e a s u r e m e n t s a r e the P u - i s o t o p e s (for w h i c h the 

h a l f - l i v e s a r e not b e t t e r known than to abou t 1%), e s p e c i a l l y 
239 241 252 

P u and Pu , and Cf. L e s s u r g e n t , but s t i l l i n t e r e s t i n g , 
232TT 235TT 236TT , 2 4 1 . . 

a r e U, U, U, and A m . S p e c i a l e f fo r t s shou ld b e 

m a d e in o r d e r to r e s o l v e the d i s c r e p a n c i e s b e t w e e n the v a l u e s 

ob ta ined wi th α - c o u n t i n g , c a l o r i m e t r i e and m a s s s p e c t r o m e t r i c 

t e c h n i q u e s . 
T a b l e 1: P r o p o s e d ha l f - l i f e v a l u e s 

Nuc l ide 

232 
u 233 
u 234 
u 2 3 5u 

2 3 6u 
2 3 8u 
2 3 8 P u 
2 3 9 P u 
2 4 0 P u 

P u 
2 4 2 P u 
2 4 4 P u 
2 4 1 Λ 

A m 2 52 

Half 

(72 + 2 

( 1 . 5 9 2 

( 2 . 4 4 6 

( 7 . 0 3 8 

( 2 . 3 4 

( 4 . 4 6 8 

( 8 7 . 8 

( 2 . 4 3 0 

(6. 55 

(14. 5 

( 3 . 8 7 

( 8 . 2 

(432 

(2. 64 

- l i fe 

)y 
+ 0 . 0 0 3 ) l 0 5 y 

+ 0 . 0 0 7 ) l 0 5 y 

+ 0 . 0 2 0 ) l 0 8 y 

+ 0 . 0 2 ) l 0 7 y 

+ 0 . 0 1 0 ) l 0 9 y 

+ 0 .8 )y 

+ 0. 0 2 5 ) l 0 4 y 

+ 0 . 0 7 ) l 0 3 y 

+ 0. 5)y 

+ 0. 0 5 ) l 0 5 y 

+ 0. I ) l 0 7 y 

+ 4)y 

+ 0 .02 )y 
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5. Appendix 

Tables Al to A14 s u m m a r i z e the mos t in teres t ing l i t e r a tu re 
data. 

Mater ia l : % isotope investigated means the abundance, in 
atomic % or weight % (as given by the authors) , 
of the isotope for which the half-life is de termined. 

Method : U-determinat ion by isotopie dilution means always 
m a s s spec t rome t r i c isotopie dilution ana lys i s . 



Table A l . Half-life of 2 3 2 U 

Author (Year) Mate r ia l 
% isotope 
invest ig. 

Method Half -life 
in units of 

one y 

R e m a r k s 

Se l l e r s at al . (1954) ( Π ) 

Chilton et a l . (1964) (12) 

0. 14 

99.2 

232 
2ΤΤα-counting; U determinat ion 
by isotopie dilution m a s s spectro
m e t r i c analysis 
ca lo r ime t ry and 2na-counting; 
U - d e t e r m . by coulometry 

73. 6 + 1.0 

71.7 + 0.9 

ι 
ΓΟ 
ΓΟ 
I 



T a b l e A2. Hal f  l i fe of 
233 

U 

Author (Yea r ) M a t e r i a l 

% i s o t o p e 

i n v e s t i g . 

Method Half  l i fe 

in u n i t s of 

1 0 5 y 

R e m a r k s 

Hyde (1952) ( 1 3 ) 

S e l l e r s et a l . (1955) 
(14) 

9 6 . 4 

B i g h a m et a l . (1959) 
(15) 

99.7 

Dokuchaev and Os ipov 

(1959) ( l 6 > 

11 (1961) ( 1 7 ) 
P o p p l e w e 

Ihle et a l . (1967) 
(18) 

Oet t ing (1968) 
(19) 

Kei th (1968) 
(21) 

~ 95 

99.8 

87.8 

96.9 

> 99.9 

2ΤΤαcounting; g r a v i m e t r i c U  d e t e r m . 

α  a c t i v i t y d e t e r m i n , wi th c o u n t e r s 

of known g e o m e t r y ; g r a v i m e t r i c 

U  d e t e r m i n . 

2 n a  c o u n t i n g ; U  d e t e r m i n . by 

i s o t o p i e d i lu t ion ; r a d i o c h e m i c a l 

p u r i t y a n a l y s i s by α  s p e c t r o m e t r y 

low g e o m . α  c o u n t i n g ; g r a v i m e t r i c 

U  d e t e r m . ; r a d i o c h e m . p u r i t y 

a n a l y s i s by α  s p e c t r o m e t r y 

low g e o m . α  c o u n t i n g ; g r a v i m e t r i c 

U  d e t e r m . 

l iquid s c i n t i l i , α  c o u n t i n g ; g rav ina . 

U  d e t e r m . ; r a d i o c h e m . pu r i t y 

a n a l y s i s by α s p e c t r o m e t r y 

c a l o r i m e t r y ; g r a v i m e t r i c U d e t e r m . 

low g e o m e t r y α  c o u n t i n g ; U  d e t e r m . 

by i so top i e d i lu t ion 

1. 62 + 0. 01 

1.615 + 0 . 0 0 4 

1. 603 + 0 .008 

1.626 + 0 .008 

1.615 + 0 . 0 0 9 

1.621 + 0 . 0 0 3 

1.554 + 0 . 0 0 3 

1.553 + 0 . 0 1 0 

r e c a l c u l a t e d by 

Hanna U ) f r o m 

the r a t i o 

X na t U A 2 3 3 U 

o r i g i n a l va lue of 

1. 540 c o r r e c t e d 

for 2 3 2 U d a u g h 

t e r s a s quoted 

by De Volpi ( 2 0 ) 

con t inued on next ¡page JDB 



Table A2-bis . 

Author (Year) Mater ia l 
% isotope 
invest ig. 

Method Half -life 
in units of 
io y 

R e m a r k s 

Durham (1969) (22) 

Jaffey et al . (1974) 

Vaninbroukx et a l . 
( 1 9 7 4 ) (24 ) 

(23) 99.5 

> 99 .9 

low geom. α-counting 
in te rmed . geom. α-counting; U-
de t e rm. by t i t ra t ion; radiochem. 
purity analysis by α - spec t rome t ry 
4ττα-, liq. scint . and low geom. -
α counting; U - d e t e r m . by coulometry 
and isotopie dilution; radiochem. 
purity analysis by a- and v - spec t ro -
m e t r y 

1.583 + 0.007 
1.5911+ 0.0015 

1. 5925+ 0.0040 

the quoted e r r o r 
is only the 
s tandard e r r o r 

ι 

ι 



Table A3. Halflife of 
234 

U 

Author (Year) 

Kienberger (1952) (26) 

Fleming et al . (1952) 
(27) 

(15) 
Bigham et al . (1959) v ' 

White et al . (1965) 
(28) 

Meadows (1969) 
(29) 

De Bièvre et al. (1971) 
(30) 

Lounsbury and Durham 
(1971) (31) 

Mater ia l 
% isotope 
invest ig. 

94. 7 

96. 0 

0.6 

1.2 

0 . 7  1 . 1 

0 .2 99 . 9 

Method Half life 
in units of 

IO5 Y 

1. 1 

2τταcounting; g rav imet r ic Ude term. ; 
chemical purity de te rm. by spec t ro 
g r a p h ^ analysis 

in termed. geom. αcounting; g rav i 
m e t r i c Ude te rm. ; chemical purity 
by spect rographic analysis 

2TTacounting; Ude te rm. by isotopie 
dilution; radiochem. analysis by 
α spec t romet ry 

low geom. αcounting; Ude te rm. by 
grav imet ry , spectrophotometry, and 
coulometry; radiochemical analysis 
by α  spec t rome t ry 

2πα and low geom. αcounting; 
Ude t e rm. by t i t ra t ion 

4πα, liq. scint. , and low geom. 
αcounting; Ude te rm. by gravimetry , 
coulometry and isotopie dilution; 
radiochemical analysis by α  s p e c t r o 
m e t r y 

low geom. αcounting; Ude t e rm. 
by isotopie dilution 

2. 520 + 0. 008 

2.475 + 0. 016 

2. 519 + 0.025 

2.47 + 0.03 

2.439 + 0.014 

2.446 + 0. 007 

2.444 + 0.012 

R e m a r k s 

according to 
De Volpi (20) 
e r r o r should be 
0. 033 105y 

calculated by 
Hanna (1) from 
data on "enr iched 
U" 

rv3 
en 
ι 



T a b l e A4. Ha l f  l i f e of 
235 

U 

A u t h o r ( Y e a r ) M a t e r i a l 

% i s o t o p e 

i n v e s t i g . 

Me thod 235 
a c t i v i t y ¿ j Î > U ,_ a c t i v i t y U 

?^ft ~ 234 
a c t i v i t y " Ö U a c t i v i t y U 

Half  l i f e 

in u n i t s of 

10 8 y 

R e m a r k s 

N i e r (1939) ( 3 ^ 

Knigh t (1950) ^3 3^ 

S a y a g (1951) ^ 3 4 ' 

F l e m i n g e t a l . (1952) ** ' 

W ü r g e r et a l . (1957) ' 3 5 ' 

Whi t e e t a l . (1965) 
(28) 

na t U 

" e n r i c h e d 

2 3 5 U " 

na t U 

9 9 . 9 

n a t U' 

99.3 

(36) 

D e r u y t t e r e t a l . (1965) n a t U 

m e a s u r e m e n t of R f r o m P b / U 

r a t i o s 

m e a s u r e m e n t of the spec i f i c a c t i v i t y 

m e a s u r e m e n t of R and R ' by 

i o n i z a t i o n c h a m b e r e n e r g y a n a l y s i s 

i n t e r m e d . g e o m . α  c o u n t i n g ; g r a v i 

m e t r i c U  d e t e r m . ; c h e m . p u r i t y 

by s p e c t r o g r . a n a l y s i s 

m e a s u r e m e n t of R and R' by ion 

c h a m b e r and α  γ c o i n c i d e n c e 

coun t ing 

low g e o m . α  c o u n t i n g ; U  d e t e r m . by 

g r a v i m e t r y , s p e c t r o p h o t o m e t r y , and 

c o u l o m e t r y ; r a d i o c h e m . a n a l y s i s by 

α  s p e c t r o m e t r y 

m e a s u r e m e n t of R and R' 

so l id s t a t e d e t e c t o r s 
u s i n g 

7 . 0 4 + 0 . 1 5 

7. 10 + 0. 16 

6. 94 + 0 . 2 5 

7. 13 + 0. 16 

6 .84 + 0. 15 

7. 13 + 0 . 0 9 

6 .92 + 0 . 0 9 

r e c a l c u l a t e d 

v a l u e , c i t e d by 

Jaf fey ( 3 6 ) 

r e c a l c u l a t i o n by 

Jaf fey (3&) y i e l d s 

6 .92 10 8 y 

con t inued on nex t 

r e c a l c u l a t i o n by 

Jaf fey ( 3 8 ) y i e ld s 

6 .97 10 8 y 

Page 



Table A4-bis . 

Author (Year) 

(37) 
Banks and Silver (1966) 

Jaffey et al . (1971) ^38^ 

Mater ia l 
% isotope 
investig. 

nat U 

> 99.9 

R 
? , Method activity ^-^U , activity 

R — 
235 U 

«.· · * 2 3 8 T T 

activity U 
234 activity U 

Half -life 
in units of 
i o 8 y 

measu remen t of R by m a s s spec t ro 
m e t r i c determinat ion of 2 0 7 P b / 2 0 6 P b 

in termed. geom. α-counting; U-de 
t e r m . by t i t rat ion; radiochem. purity 
by α - spec t rome t ry 

7. 09 + 

7. 038 + 0. 005 

R e m a r k s 

recalculat ion by 
Jaffey (38) yields 
7.02 10 y 
quoted e r r o r is 
only standard 
e r r o r 

ι 
no 

ι 



Table A5, Half-life of 2 3 6 U 

Author (Year) Mate r ia l 
% isotope 
invest ig . 

Method Half -life 
in units of 7 
10 y 

R e m a r k s 

Jaffey et a l . (1951) ^ 4 ° ' 

F leming et a l . (1952) 
(27) 

2 2 . 1 - 3 7 . 6 

97 . 0 

Flynn et a l . (1972) (41) 99.6 

activity de te rm. by ion chamber 
energy ana lys i s ; U-de termina t ion 
by neutron induced fission counting 
in te rmed . geom. α counting ; 
g rav ime t r i c U-determinat ion; chemical 
purity by spect rographic analysis 
in te rmed. geom. α counting; U-
de te rmin . by t i t ra t ion; radiochem. 
purity by α - spec t rome t ry 

2.46 + 0. 06 

2.391 + 0. 018 

2.3415+ 0.0014 ι 
ΓΟ 
CO 
I 



Table A6. Half-life of 238 U 

Author (Year) 

Kienberger (1949) ' 
Kovarik and Adams 
(1955) (43) 
Leachman and Schmitt 
(1957) (44) m) 

Steyn and Strelow (1 960) 

Jaffey et al . (1971) ^ 3 8 ' 

Mater ia l 
%> isotope 
invest ig. 

depleted U 
nat U 

depleted U 

nat U 

> 99.9 

Method 

2πα-counting; g rav imet r i c U-de te rm. 
α-act ivi ty determin, by ion chamber ; 
no specification about U de te rm. 
2ττα-counting; U-de te rmin , by g rav i 
m e t r y and colometr ic analysis 
liq. seint, α counting (separat ion of 
θ-emitt ing daughters before counting 
and cor rec t ion for growth); g rav i 
m e t r i c U-de te rmin . 
in te rmed. geom. α-counting; U-
de te rm. by t i t ra t ion; radiochem. 
purity by a - s p e c t r o m . 

Half -life 
in units of 9 
i o v y 

| 1 

4.49 + 0. 01 
4.507 + 0.009 

4 .56 + 0.03 

4.4683+ 0. 0024 

R e m a r k s 

quoted e r r o r is 
only s tandard 
e r r o r 

I 

i-O 
I 



p -3 Q 

Table A7. Halflife of Pu 

Author (Year) Mate r ia l 
% isotope 
invest ig. 

Hoffman et a l . (19577 

E iche lbe rge r et al. 

(46) 

L icne lberg 
(1965) (47) 

Jordan (1967) 

Benson (1969) 

(48) 

(50) 

Method 

.. , 2 3 8 D , 242_ 
growth of Pu from Cm by 
αcounting 

ca lo r ime t r i e determinat ion 

ca lo r ime t r i e determinat ion 

ca lo r ime t r i e determinat ion 

Kalf life 
in units of 

one y 

R e m a r k s 

86.4 + 0.3 

87. 60 + 0.06 

87.40 + 0.04 

87.75 + 0. 05 

based on T1 /_ · 
242 ' 
" ¿ C m 162. 7d 

should be cor 
rec ted to 
(87.80+0. 05) 

(49) 
ι 

GO 

O 
I 



Table A8. Halflife of 2 3 9 P u 

Author (Year) Mater ia l 
% isotope 
invest ig. 

(51) 
Stout and Jones (1947) 

Cunningham and Werner 

( 1 9 4 9 ) ' 5 2 ) 

Wes t rum et al . ( 1 9 4 9 ) ^ 

Wallmann (1951) 
(54) 

Farwel l et al . (1954) 
(55) 

Markin (1959) 
(56) 

Dokuchaev (1959) 

Ihle et al. (1966) 

(57) 

(58) 

> 99.9 

99.9 

99.9 

99. 1 

94.4 

Method Kali life 
in ¿nits of 

i i o
4
 y 

ca lo r imet r i e activity de te rm. ; 
gravim. Pu de t e rm. 

2nacounting; g rav imet r ie Pu de t e rm 

2naand low geom. αcounting; 
gravim. Pu de t e rm; chemical purity 
by spectrographic analysis 

low geom. αcounting; gravim. 
P u  d e t e r m . ; chem. purity by 
spec t r . anal . ; radioch. purity by 
α  spec t rome t ry 

2τταcounting; Pu de t e rm . by g rav i 
m e t r y and t i trat ion 

low geom. αcounting; gravim. Pu
de te rm. 

low geom. αcounting; gravim. Pu
de te rm. ; radiochem. purity by 
α  spec t rome t ry 

liq. scint. αcounting; gravim. Pu 

de te rm. ; radiochem. purity by 

α  spec t rome t ry 

cont 

2.411 + 0. 024 

2.430 + 0.037 

2.440 + 0.070 

2.436 + 0.010 

2 

2 

2 

440 

441 

439 

+ 

+ 

+ 

0. 

0. 

0. 

048 

003 

003 

2.435 + 0. 006 

inued on next page 

R e m a r k s 

ι 
CO 



Table A8-bis 

A u l li o r (Year) Mate r ia l 
% isotope 
invest ig. 

Oetting (1968) (19) 

(2) Oetting (1971) v ; 

94 

> 99.9 

Method Kalf -life 
in units of 4 10 y 

ca lo r ime t r i e activity de t e rm. ; gravim 
Pu de t e rm. 

ca lo r ime t r i e activity de te rm. ; 
gravim. Pu de te rm. (e lectro refined 
Pu meta l ) ; chem. purity by spec t ro 
graph, analysis ; radiochem. purity 
by α - spec t rome t ry 

2.431 + 0.005 

2.4065 + 0. 0050 

R e m a r k s 

co r rec ted figure 
for the 1965-
value of . 
(2.418+0.003)10 y 
(59) 

ι 
CO 

I 



Table A9. Halflife of 
240 

P u 

Author (Year) 

West rum (1951) 
(60) 

Inghram et a l . ( 195 l / 6 1 ^ 

Wallmann (1951) v ' 

Farwe l l et a l . (1954) 
(55) 

Butler et al . (1956) 

Ì57Ì 
Dokuchaev (1959) V ; 

(62) 

Oetting (1968) 
(19) 

Mater ia l 
% isotope 
i n v e s t i g . 

34.4 

1.6 

26.2 

7 .6 

95.7 

Method 

2παcounting; gravim. P u  d e t e r m . ; 
chemical purity by spect rographic 
analysis 

m a s s spec t romet r i c de te rm. of 
236u/235u (growing from 2 4 0 P u and 
2 3 9 p u respect ively) 

low geom. αcounting; gravim. Pu 
de te rm. ; spect rographic purity 
analys is ; rad iochem. puri ty by 
α  spec t rome t ry 

2nacounting; Pu de t e rm. by gravim, 
and t i t ra t ion 

2τταcounting (specific activity) 
αenergy analysis 

low geom. αcounting; gravim. Pu
de te rm. ; radiochemical analysis by 
a  s p e c t r o m . 

ca lo r ime t r i e activity de te rm. ; 
gravim. Pu de t e rm. 

Half life 
in units of 

3 
io y 

R e m a r k s 

6.24 + 0. 12 

6. 58 + 0. 04 

6.76 + 0. 03 

6.30 + 0.60 

6. 60 + 0. 10 

6. 62 + 0.05 

6. 524+ 0. 010 

based on Τ 
239 

l / 2 ' 
P u 

2 .44 ·10 y 

recalcula ted to 
6 .537 ·10 3 y by 
Schmorak (63J 
with Ε (a ) = v o 
5. 1677 MeV 

ι 
CO 

co 
I 



Table AIO. Half l i fe of 
241 

P u 

Author (Year) 

Í64' 
Mac Kenzie et al.(1953)v 

Rose and Milsted (1956) ' 

Brown et al . ( I960) ^66^ 

Smith (1961) ( 6 ? ) 

Nis le and Stepan (1970) 
(68) 

Shields (1970) ^ 

Cabell and Wilkins (1971) 
(7071) 

Z e i g l e r and F e r r i s (1973 

(73) 

Mate r i a l 
.% isotope 
invest ig . 

14. 5 

76. 5 

96.2 

94 .0 

3 1 . 9 ' 

3 . 0 

Method 

241 
growth of Am by a  s p e c t r o m . 

" " Yspectrom. 

" " a  s p e c t r o m . 

II II II 

changes in react iv i ty 

changes in isotopie ra t ios by m a s s 

spec t rome t ry 

II II II 

II II II 

Half life 
in units of 

one y 

14. 1 + 0 . 3 

13.8 + 0. 3 

14. 1 + 0 . 3 

13.9 + 0 . 3 

14.63 + 0.27 

14. 6 + 0.4 

15. 10 + 0. 14 

14.89 + 0. 11 

R e m a r k s 

"correc ted by 
El l i s (9) on the 
bas i s Τ /  2 4 1 A m 

I 433y 

(9) 
cited by El l i s V 7 ; 

1968value was 
14.98y ( 7 2) 

pooled value of 

observat ions in 
6 l abora to r i e s 

co 

I 



Table A l l . Half-life of 2 4 2 P u 

Author (Year) 

Butler et al . (1956) v ' 

Butler et al. (1956) ^Z' 

Mech et al. (1956) ^ΊΊ' 

Bemis et al . (1969) V ; 

Durham and Maison 
(1970) (79) 

Mater ia l 
% isotope 
investig. 

98.9 

96 .3 - 98.7 

99 .9 

90 

Method 

242 238 
Pu activity re la t ive to Pu by α - spec t rome t ry 

specific activity by ion chamber 
energy analysis 
Ο Α O *} Λ (\ 

Pu activity relat ive to Pu 
by α - spec t romet ry 
242 239 Pu activity re la t ive to Pu 
by α - spec t rome t ry 

242^ . . , 2 3 8 ^ Pu activity re la t ive to Pu 
by α - spec t rome t ry 

Half -life 
in units of 5 io y 

3.65 + 0. 05 

3.79 + 0.05 

3.88 + 0. 10 

3.869+ 0. 016 

3. 66 + 0.07 

R e m a r k s 

(9) cited by El l is v ; 

bas is Τ / - 238pv 

= 87.75y 

240 basis Τ1 /_ - Pu 
= 6 .537 ·10 3 y 

239 bas is Τ / - Pu 
4 

= 2.440· 10 y 
m 238„ bas is T. /_ - Pu 

= 87.4y 

CO 
en 



244 
Table Al 2. Half-life of Pu 

Author (Year) 

Diamond and Barnes 
(1956) (80) 

Butler et al . (1956) ( 6 2 ^ 

F ie lds et a l . (1966) *81^ 

Bemis et al . (1969) ^ 7 8 ' 

Mate r ia l 
% isotope 
invest ig. 

0. 05 

0. 08 

54 - 68 

7 4 . 2 - 7 6 . 9 

Method 

separat ion of daughters ; y - m e a s u r e -
ment 

separa t ion of daughters ; β - m e a s u r e 
ment 
244 240 Pu activity re la t ive to Pu 
and 2 4 2 p u Dy α - s p e c t r o m e t r y 

244 239 Pu activity re la t ive to Pu 
by α - s p e c t r o m e t r y 

Kalf -life 
in units of ι 7 ; 10 y 

7. 6 + 2. 0 

7.5 + 2. 0 

8. 18 + 0.26 

8.28 + 0. 10 

R o m a r k s 

• 

bas i s Τ ι - 2 4 0 P u 

= 6.58· I O 3 / and 
242„ 

T l / 2 P u = 

3 . 7 9 ' 1 0 5 y 
239 bas i s Τ / - Pu 

4 
= 2 .440 . 10 y 

ι 
co 
en 
ι 



Table Al 3. 
241 

Halflife of Am 

Author (Year) 

Hall and Markin (1957) 

(3) 

Wallmann et al . (1958) 

(4) 

Oetting and Gun (1967) 

(6) 

Stone and Hulet (1968) 

(7) 

Brown and P robs t 
(1968) (8) 

Jove and Robert (1972) 
(10) 

Mater ia l 
% isotope 
invest ig. 

Method Kalf life 
in units of 

¡ one y 

low geom. α counting; gravim. Am 
de te rm. ; spectrographic purity 
ana lys i s ; radiochem. purity by 
α  spec t rome t ry 

idem 

ca lo r ime t r i e activity de te rm. ; 
gravim. Am de te rm. ; chem. purity 
by spectrography and spark source 
m a s s spec t rom. ; radiochem. purity 
by α  spec t rome t ry 

low geom. αcounting; g rav im. Am 
de te rm. ; spec t rogr . purity analys is ; 
radiochem. purity by a  s pe c t rom. 

low geom. a  and 2παcounting 
coulometr ic Am de te rm. 

ca lo r ime t r i e activity de te rm. ; 
gravim. Am de te rm. ; spec t ro 
graphic analys is ; α  spec t romet ry 

458. 1 + 0.5 

457.7 + 1.8 

4 3 2 . 7 + 0 . 7 

436.6 + 3. 0 

433 + 7 

426. 3 + 2 .1 

R e m a r k s 

same m a t e r i a l as 
used by Oetting^) 

ι 

CO 

I 



Table A14. Half-life of 252 Cf 

Author (Year) 

Eastwood et a l . ( 1 9 5 7 ) ^ 

Metta et a l . (1965) ^83^ 

De Volpi and P o r g e s 
(1969) (84) 

Mijnheer and /gc\ 
Van den Hauten ( 1 9 7 3 ? ' 

Spiegel (1974) 

Mate r i a l 
% isotope 
invest ig . 

50 

79.2 

50 

79.3 

Method 

m e a s u r e m e n t of the decay of 
spontaneous fission (ion chamber) 
and α counting ra te (2πα) 
decay of spontaneous fission 
(2ΤΓ-counting) 

decay of neutron emiss ion ra te with 
a manganese bath facility 

idem 

idem 

1 

Kalf -life 
in units of 

y 

2.55 + 0.15 

2. 646 + 0.004 

2.621 + 0.006 

2.659 + 0.010 

2.638 + 0.007 

R e m a r k s 

t 

I 
co 
CO 
I 
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