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_ '̂  Abstract v̂  

I t has been shown by bombardment with deuterons of a sample 
of U238^ g rea t ly depleted in u235 and U^^^, t ha t the 50-year 94 
a c t i v i t y and 2.0 day 93 a c t i v i t y are formed in approximately the 
same y ie ld as with the na tu ra l mixture of uranium Iso topes , 
These a c t i v i t i e s are thus shown to a r i s e from the U238 nucleus , 
and from considerat ions of the energy of the compound nucleus 
(u238-f-d), i t appears most probable tha t they are produced by 
a d, 2n react ion as follows: ^ 

tj23S(d,2n)93238 u ^^ ^^^ > 9^238 

Introduct ion 

Two isotopes of element 94 are known. They fere a r t i f i c i a l l y 

produced, emit a l p h a - p a r t i c l e s , and have been assigned hal f - l ives-

o f ^ 5 0 years^^*-^' and--'30,000 years^^J. 

The-^30,000-year 94^^^ grows from the 2.3-day 93^5^ which 

in turn grows^^' from the 23-minute uranium made from u238 î y 

neutron capture . 

The 2.3-day 

93239 i s a lso produced in the bombardment of uranium with 

deuterons'"^ ' . I t has not been determined v/hether 9'^^^'^ i s 

produced d i r ec t l y by the d,n reac t ion , whether i t grows from 

^ e 23-minute u239 produced by the d,p r eac t ion , or v/hether i t 

produced by both mechanisms. The pjrowth of 94^3^ has not been 

?or inclusion in the 
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observed from the deuteron-produced 93'-39 becaune i t i s masked 

by the growth of the 50-y6ar 94 from the 2.0-day 93 a lso pro

duced in the deuteron bombardment of uranium^^'. I f the 2.0-day 

93 I s produced a t a l l in the neutron bombardment of uranium i t s 

y ie ld ( in terms of the number of atoms) i s l e s s than 1/10,000 

tha t of the 2.3-day 93^^^' In a 13 Mev deuteron bombardment the 

r a t i o of the same y i e l d s ( 3 ' i s 1/8. (These are the r e l a t i v e 

th i ck - t c rge t yie lds obtained from the 60-inch Berkeley cyclotron.) 

These data did not make possible the assignment of a de f in i t e mass 

number to the 50-year 94 and i t s 2.0-day 93 paren t . The mass 

numbers 235 a îd 238 seemed the most probable. 

In order to study fur ther the problem of assigning a mass 

number to the 50-yeQr 94 and 2.0-day 93 we have bombarded with 

deuterons, in the 60-inch Berkeley cyclotron, a sample of separated 

U "̂  isotope which had been prepared i n the 37-inch Berkeley 

spectrograph. In t h i s u238 sample the r a t i o of u238/u235 had been 

increased by a factor of 30 over t ha t of the normal uranium. The 

experimental d e t a i l s follow. 

Experimental Proced.ure 

Sixteen mg of Xt'%Oa(0'^y^) was mounted in a uniform layer 

covering an area of 9 cm^ on a 5-mll platinum disc 4 cm in diameter. 

The platinum disc was soldered to an oMlqae (11** laeldonee) 

copper t a rge t and bombarded »vith deuterons for 315 microampere-

hours in the 60-inch Berkeley cyclotron. The 14 Mev deuteron beam 

passed through two 1-mil aluminum windovi?s and about 10 cm of 

helium a t a pressure of 25 cm of mercury before s t r i k i n g the UoOg. 

For comparison, 16 mg U30g{natural i so top ic mixture) was mounted 

in the same way and bombarded for 500 microampere-hours. As a 



check to see tha t the two t a rge t s got the r e l a t i v e bombardment 

indicated by the number of microampere hours, the gamma-ray 

a c t i v i t i e s of the U^Og samples and the platinum backings were 

measured a t equal i n t e rva l s a f t e r the bombardments. The gamma-

ray r a t i o s of U30g (na tura l mixture) to JJ^OQiXf^'^^) and t h e i r 

platinum backings were I . 4 and 1.6 residectlvely, in agreement 

with the number of microampere-liours received. 

Thirty hours a f t e r the end of each bombardment, the TJoOg 

t a rge t s were dissolved in n i t r i c acid and the 93 and 94 f rac t ions 

Iso la ted by the usual rare earth f luoride p rec ip i t a t i ons from 

oxidis ing and reducing media-*''. Elements 93 and 94 were separated 

from each other about 50 hours a f t e r the end of the bombardments. 

The 94 f rac t ions were mounted on platinum and the a lpha-

pa r t i c l e s counted on a l i nea r ampl i f ie r . One per cent a l iquo t s 

of the 93 f rac t ions were evaporated on platinum and the grov/th 

of the a lpha -pa r t i c l e s followed. The a lpha -pa r t i c l e s in both 

samples grev; with a 2»0't.0,2 day period. Other a l iquo t s of the 

93 f rac t ions were mounted on cellophane and aluminum absorption 

curves taken on a Lauritsan e lec t roscope. By ext rapola t ing the 

hard portions of the beta-ray absorption curve as has been done 

before^3)^ the yield of the 2.0-day 93 as well as the yield of 

the 2.3-day 93^39 can be ca lcu la ted . The sumirary of the y ie lds 

of the various t ransuranic isotopes produced in the bombardment 

of the th in U30g t a rge t s with I3 IKev deuterons i s given in Table 1. 

The calculat ions have taken in to account the donversion e lec t rons 

in the 93239 beta-ray spectrum, and the lower ionizing efficiency 

of the 1 Mev b e t a - p a r t i c l e s of the 2.0-day 93 (as compared to the 

eff iciency of the soft b e t a - p a r t i c l e s from 93239), 
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Table 1 

Isotope 

50-year 94 (af te r decay of 
93) 

2.0-day 93 (at end of a 
short bombardment) 

2.3-day 93^39 (at end of a 
short bombardment) 

Microeuries per Microampere-Hour 
from U30g(great
ly depleted^in 
U235 and u234) 

5«2 X 10-5 

0.31 

1.4 

from U30g (natural 
mixture of isotopes) 

4.4 X 10"5 

0.25 

1.3 

Discussion 

The fact t h a t the y ie lds are not dependent on the amount of 

u235 or U^34 in deuteron bombarded uranium samples c lea r ly proves 

tha t the 50-year 94 and tiil 2.0-day 93 are made from u238^ and 

confirms the assignment of the mass number 239 to the 30,000-year 

94, 2.3-day 93, and 23-minute uranium. 

The haj.f-life of the 5C-year 94 calculated from the y ie lds 

in Table 1 i s about 30 years . This i s in subs t an t i a l agreement 

with the 50-year ha l f* l i f e previously reported(3) considering 

tha t the estimated e r ro r for both values i s about a fac tor of 

two • 

The r e l a t i v e t h i n - t a r g e t y ie lds of the 2.0-day 93/93^39 

(and the 50-year 94/94^39) a re I /5 as compared to 1/8 for t h i c k -

t a rge t y i e l d s . The difference between these numbers, 1/5 and 

1/8, i s not necessar i ly s ign i f ican t because the aluminum absorption 

curves, on which the r e l a t i v e yie lds are based, were taken on 

di f ferent instruments . (The absorption curves of 93 rad ia t ion 
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from th in t a rge t s were taken with an e lec t roscope, those from 

thick t a rge t s with an e lec t rometer (3) . 

From a consideration of the energy of the compound nucleus 

(U238^<i) the d,2n reac t ion seems the most probable, the d,n 

reac t ion poss ib le , and the d,3n r a the r improbable. Of the two 

more probable schemes, the u238(d,2n) 93^38^ 93238 Z?"^ 94238 

scheme i s favored, although i t •aooonters ttim oinor d l f f l oa l ty 

tha t 94^38 f a l l s a t a considerable distance from the uranium 

curve in the Geiger-Nuttal l p l o t . Choice of a scheme involving 

U238(d,n)93239 (2.0-day) followed by 93^39 ( 2 . 0 - d a y ) - « j f ^ 94239 

(50-year) would lead to the more ser ious d i f f i c u l t y of having to 

postula te isomeric pa i rs i n 93^39 and 94^39, each pa i r decaying 

independently. For these reasons we bel ieve tha t the most probable 

assignments of the 2.0-day 93 and 5C-year 94 are 93238 and 94238 

produced by the following reac t ions : 

u238(a,2n)93238 

93^^^ 2 : 0 ^ 9423s 

This work was made possible through the cooperation of 

Professor E.O. Lawrence and the personnel of the Radiation Laboratory 

in supplying and bombarding the samples used. 
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