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ABSTRACT

Ths experimentally determined exponential dependence of apontaneoua 

f is s io n  ra ta  on z2/ !  has baan ussd to  derive an expression fo r  the da- 

pandsnoa of the f is s io n  activation energy on Z2/ i .  This expression has 

be ta  ussd to calcu late  the activation energy fo r alow neutron induced 

f iss io n  sad photofisaion. Ths co rre la tion  with the experimental data 

on th sss  types of f is s io n  teens to  be q u ite  good.
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T - 10"a  x 10178"3,75 2 /* M C .

The rata of spontaneous fission for even-even nuclides hat a simple 

exponential depiiidbhce^ bn t^/A and a plot of tba logarithm of tha 

■halMifo* 'for th is  process to . Z2/ a (Fig. 1 of references 1 and 3) 

yiCtf* tha relationship

1‘r t i  i I*.*'* t . :  # • '  r*

t  - 10*a  x J
<* k *1 * • * •

I t  i#*tha purpose of th is  note to  point out how th ii  information can ba 

ralatad to tha activstion energy for fitalon  and hanea ba oorralatad 

with tha known information on alow nautron and photofiation of heavy 

mid idee.

Tha barriar penetration probability for spontaneous fission hat 

baan shown to  haws tha gsnaral forrf 10“^ *  whara Cl is  tha energy 

daficit a t tha saddle point^^ and in  particular Frenkel and Matropolis^ 

haws derived for tha liquid drop modal tha ralationahip

T •  l<ra  x  107-854* MO (2)

whara 61 is  in Mar, On tha assumption that their treatment for tha rata 

process is  essentially oorrect so that tha general form of (2) la valid, 

oven though tha oaloulation of a l  i s  not, as avidanosd from tha failure 

• to account for amparimintal spontaneous fission r a t e s /  we can relate 

(l) and (2) and obtain
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T .  l<ra  x 107 «  t 22-7 * O-*77 f t * )  s«c (3)

■hsrs flB • (22.7 - 0.477 X2/*) U*». (4)

Hottwr, (2) actual!/ applies only to U2**® (Z2/ !  • 35.56) of different 

degrees of excitation, and oxtanalon to  dlffaront values of zfyi lead* 

to a somewhat aoro complicated expression. When th is la rtlatad to (1) • 

we find that &l can ba approxlaatal/ represented over a limited range 

of Z2/*  by

AE •  (19.0 -  0.36 zVi) Ho t . (5)

Whan &K la ealoulatad uaing (5) and compared with the binding energy
’  A

(NX) of the added neutron0 for each of the nuolldea ahoee alow neutron
7

fiaalon croaa sections or upper limit a are known, remarkable agreement

la  observed aa shown In Table I . Something approaching a quantitative

correlation la  attained i f  the Individual values of RBS-AK are compared
t

with the corresponding values of Of/<*r  (of •  fiaalon, op • n,Y croaa 

section for aloe nautrone) fo r each nuclides since the probability for 

gamma amission might be approximately the tame for a ll  these nuclides, 

the ra tio  Of/crr  asy give a good measure of the relative probability for 

fission® and banco can be used to  better advantage for comparative pur- 

poses than alone. 3uoh a plot la  shown in  Fig. 1 share the available 

points, perhaps fortuitously, are rather well represented by a straight 

lin e  with seme exceptions discussed below.

Perhaps a ll  of the presently available data on three types of 

fission  (spontaneous, slow neutron, photo) are consistent with the view 

that an odd nucleon has the effeot of slowing the fission proooss

.

*
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Table I

Correlation w» Slow Neutron Piaeionabllitjr with potential Barrier 
to P in ion  and Corresponding Neutron Binding Energjr

m %>-;

M l

Nuclide At (Her)
IK *
(Rr») <M»t )

Slow Neutron 
Pieeionabilitj*

R. 226 6 .7 4 .9 -1 .8 *

R.22* 6 .8 4.6 - 2 .2 -

AO227 6.5 3.X - 1 .4 -

Th227 6 .2 7.0 0 .8 ♦

“ f t 22* * ' 6 .3 5.4 - 0 .9 -

Th229 6.3 '  6 .7 0 .4 ♦

Th230 6 .4 4 .6 - 1 .8
«-

•

Th232, O ' ... * .  •• *
6 .5 4 .8 - 1 .7 -

6 .6 4 .7 -1 .9 -

p .230 6 .1 6 .9 0 .8 4

P. 23L 6.1 5.4 - 0 .7 m m

P .232
* • *

6 .2 6 .7  . 0 .5 4 _ 4

p.233 6 .3 5.1 - 1 .2 -

<P- O
' O

sj
i 

• 
• 

O
 o

o

t ?
5 .4

> 0
“0 .7
-0 ,6

4
•f

0*35 > 6 .1 6 .5 0 .4 4

0^38
* 3if, 4 i‘ 6 .2

«
4 .8 -1 .4 •

5 .7 7 .1 1 .4 4

Rp237 5 .9 5 .2 -0 .7 •

rp2» 6 .0 6 .4 0 .4
«

4

IP23’ 6 .0 5 .0 - 1 . 0 * m

continued
i f
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Nuclide «  («•»)
N£Ea
(* " )

NBK*-fiK
(H».)

Slow Neutron 
Flasionabilityk

PU2» 5.7 5 .7 0 .0  , ♦
r

P»2*  . 5 .8 6 .5 0 .7 4

Pu2* 5.9 6 .2 .  0 .3 4

to2U 5.5 5 .3 -0 .2 -

A .* * 5.6 6 .5 0 .9 4

A.2*2 5.6 6 .5 0 .9 4

*.243 5 .7 5 .2 -0 .5 7

C.2 4 2 5.4 5 .9 0 .5 ?

^neutron binding energj  for nuclide with mass number 

A ♦ l-from ref. 6

k* denotes o^ greeter than about 1 bam,

-  denotes o^ less than about 1 barn

!
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(possibly due to larger radii than corresponding even-even nuclides . 

giving smaller valves of Z2/ ^  which Z2/A i t  meant to represent). In 

the spontaneous fission cap  nuclides with odd nucleons have rates up 

to sqm 103 times slower than corresponding even-even nuclides (Fig. 1
o

in reference 1). In the case of photofission odd nucleon nuclides 

like U233, U235, and Pu23*. have thresholds 0.4 -  0.5 Mtv nearer the top 

of the barrier than U238 and Th232 corresponding to  rates sows 102 - 103 

times slower than those of 0238 or Th232, indicating that the slowing 

effect of an odd nucleon is  operative even at excitation to near the 

top of the barrier. However, the probability for gasma re-eaission 

M j be less  for the oven-even nuclides, due to  a larger level spacing, 

which weans that fission is  relatively favored and would occur at lover 

excitation relative to the barrier height; thus the odd nucleon asy 

alow the photofiseion process in a manner analogous to  the effeot in 

spontaneous fission or due to  i t s  effect on level spacing and therefore 

on the probability for cos^etitive game emission. If  vs apply thass 

considerations to  sloe neutron fission, we must think in terms of tbs 

Intermediate fissioning nucleus *iich is  formed upon capture of the 

neutron. Thus i t  would be interesting to set i f  even-odd nuclides 

(even protons, odd neutrons), where the intermediate fissioning nuclei 

are of the even-even type, undergo slow neutron induced fission with 

greeter probability than othsr nuclear types at comparable excitation 

energy. Unfortunately there are no presently known oases for NB-AI <0 

but only for nuclides which are apparently excited above the barrier in 

the slow neutron fission process; those that fora intermediates with an 

odd nucleon (see especially Cm2**2) stem to be alowsr in undergoing th is

aU

.

* * * * *



UCRL-1935

process; again either *>f the two mechanisms f6r the slowing effect of 
an odd nucleon may be operative. The variation in the positions of the 
points for the even-odd nuclVtfcs in the region above the barrier 
(NBB-aB > 0) may perhaps be explained by a small ncyi-unifora variation 
in the probabilitj for gamma emission.

The empirical relationship (1) depends, of course, upon how the 

line is drawn through the points representing the measured spontaneous 

fission rates of the even-even nuclides. In order to examine this 

point further, other possibilities were examined; for example, a line

drawn somewhat higher with a steeper slope gives more weight to the
3 231point for U and passes somewhat above such points as those for 

Cm^S U ^ # and T h ^  as it might do if these latter nudideo have 

slightly shrunken radii due to proximity to closed subshells. Such con

siderations lead to somewhat different constants in relation (5) but do 

not change perceptibly the results In the correlations presented in 

Table I and Fig. 1.

It is a pleasure to acknowledge helpful discussions with 0. 

Rasmussen, Jr., J. M. Hollander, D. R. Inglls, and G. Friedlander and 

the help of M. J. Hollander with a number of the calculations. This 

work was performed under the auspices of the U. 3. AEG.
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Fig . 1. Plot of oc»paratiira flow neutron fiw ionab ilU y . 

Of/Op donotaa ra tio  aleafnautron flaaion to n,Y cn>ia Motion 

( 5  a ign ifies uppar l im it)» N3B-»6i danc-tas diffaranca batwaan
f  ■‘i

nautron binding antrgy and potantial b a rria r.


