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ABSTRACT
The axperimentally determined exponential dependence of spontaneous
fission rate on Z2/A has been used to derive an expreasion for the de~
pendence of the fisasion activation energy on Zz/A. This expression has

been used to calculate the activation energy for slow neutron induced
fission and photofiassion. The correlation with the experimental data

on these typea of fisaion seems to be quite good.
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The rate of aspontaneous fission for even-even nuclides has a simple
exponential dependence’™> on Z2/A and a plot of the logarithm of the
nhalf-life" for this process vs, 22/A (Pig. 1 of references 1 and 3)

yields the relaticnship

2
T . 1002 ¢ 10878-3.75 Z9/A 4o | (1)

It is the purpose of this note to point out how this information can be
related to the activation energy for fission and hence be correlated
with the known information on slow neutron and photofission of heavy
nuclides.

The barrier penetration probability for spontaneocus fission has
been shown 10 have the general form 107k2E where AE is the energy
deficit at the saddle point®’” and in particular Frankel and Metropolis’

have derived for the liquid drop model the relationship

T« 1074 x 107-850E ggc (2)

where AE i3 in Mev, On the assumption that their treatment for the rate
process is eaéentially correct so that the general form of (2) is valid,
sven theugh the calculation of AR is not, as evidenced from the failure

to account for experimental spontaneocus fission ratea,l we ;an relate

(1} and (2) and obtain




~dy UCRL-1935

- g 10_21 x 10’?385 {:’22-? - G,iﬁ-'?? Zz/a) 38C (3)

4

whers AE = (22,7 - 0.477 Z2/4) Nev. (4)

However, (2) actually applies only to U<38 (z2/4 = 35.56) of different
degrees of excitation, and extension to different values of 22/A leads
to a scmewhat more complicated expression. When this is related to (1)
we find that AE can be approximately representad over a limited range

of ZZ/A by
5E = (19,0 - 0.36 Z2/A) lev. (5)

When AE is calculated using (5) and compared with the binding snergy
(NBE) of the added neutron6 for sach of the nuclides whose slow neutron
fission cross sections7 or upper limits are known, remarkable agreement
is observed as shown in Table I. Something approaching a quantitative
correlation is attained if the individual values of NBE-AE are compared
with the corresponding values of °f/°r (Of = fission, o, = n,Y cross
gsection for slow neutrons) for each nuclide; since the probability for
gamma emission might be approximately the same for all these nuclides,
the ratio cfﬁvr may glve a good measure of the rselative probability for
fission8 and hence can be used to better advantage for comparative pur-~
poses than o, alone, Such a‘plot is shown in ?iga 1 where the availabls
points, perhaps fortuiiocusly, are rather well represented by a straight
line with some exceptions discussed -balow,

FPerhaps all of ths presently available data on three tjpes of
fission (spentanscus, slow néutrong photo) are consistent with the view

tnat an odd nucleon has the effect of slowing the fission process
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Table I

Correlation of Zlow Heutron Fissionability with Potential Barrier
to Fission and {orresponding Neutron Binding Energy

NEE®R  NBE®-4E  Slow Neutron
Nuclide AE (Mev) (Mev) (Mev) FissionabilityP

Ra<26 6.7 L9  -1.8 -
Ra228 6.8 L.6 -2.2 ‘ -
2c227 6.5 5.1 ~1.4 -
he27 6.2 7.0 0.8 +
m3<8 6.3 54  -0.9 -
29 6.3 6.7 0.4 +
1h230 A 4.6 -1.8 -
<32 6.5 4.8  -1.7 -
pr 23k 6.6 L7  -1.9 -
pa<30 6.1 6.9 0.8 R
pa<il 6.1 5.,  =0.7 -
pa<i? 6.2 6.7 0.5 .
pa<33 6.3 5.1 -1:2 -
0%132 5.9 5.9 0.0 .
U’; 6,0 607 0,7 +
g2k 6.0 5.4 -0.6 -
g0 6.1 6.5 0.4 +
<38 6.2 4.8 -1.4 -
HpRoh 5.7 7.1 1.4 .
Np=>7 5.9 5.2 0.7 -
Np=oe 5.0 6.4,  O.b .
qp<o? 5.0 5.0 ~1.0 -

continuad
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NBE®  NBE2®—E Slow Neutron

Nuclide —AE (Mev) (Mev) (Mev) Fissionability®
pu238 5.7 5.7 0.0 +
pu*39 5.8 6.5 0.7 +
pust 5.9 6.2 0.3 +
a2 5.5 5.3 0.2 -
An242R 5.6 6.5 0.9 +
42 5.6 6.5 0.9 +
am<h3 5.7 5.2 0.5 ?
Cm4? 5.4 5.9 0.5 ?

a

A+ 1 from ref. 6

b

~ denotes o less than about 1 barn

neutron binding energy for nuclide with mass number

+ denotes g, greater than about 1 barn,
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{posaibly dus to largsr radil than corresponding even-sven nuclides
giving smeller walues of 32/r3 whizch szg i3 meant to represent), In
the spentaneous fission case nuclides with odd nucleons have rates up
t> some 103 times slower than corresponding even-even nuclides (Figz, 1

9

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

like U233, 0235, and Pu239 have thresholds 0.4 - 0,5 Mev nearer the top

of the barrier than U238

and Th232 corresponding to rates some 102-'103
times slower than those of U30 or Th®32, indicating that the slowing
effect of an odd nucleon iz operative sven at excitation to near the
top of the barrier., However, the probability for gamma re-emission
may be less for the even-even nuclides, due to a larger level spacing,
which means that fission is relatively favored and would occur at lower
axclitation relative to the barrier height; thus the odd nucleon may
glow the photofission process in a manner analcgoué to the effect in
spontaneous fission or due to its effect on level spacing and therefors
on the probability for competitive gamma emission. If we apply these
considerations to slow neutron fission, we must think in terms of the
intermedizte fissicning nuclesus which is formed upon capture of the
neutron. Thus 1t would be interesting to see il evsn-odd nuclidss
{even protens, odd neutrons), where the intermediate fissioning nuclei
are of the sven-even type, undergo slow neutron induced fission with
greater probability than other nuclsar types at comparable excitation
energy. Unfortunately there are nc¢ presently kxnown cases for NBE-AE <O
but only for nuclides which are apparently excited above the barrier in
the slow neutron fission proceas; those that form intermediates with an

.- 242 , : :
odd nucleon (ses especially Cwm™* ) seem to be slower in undergoing this

G
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process; again either of the two mechanisms for the slowing effect of
an odd nucleon may be operative., The variation in the positions of the
points for the even-odd nuclides in the region above the barrier
(NBE-AE >0) may perhaps be explained by a small non-uniform variation
in the probability for gamms 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 possibilitiss were examined; for example, a line
drswn somewhat higher with a steeper slope gives more weight to the
point3 for 11231+ and passes somewhat above such points as those for
e, 1238 and th?32 a5 it might do if these latter nuclides 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 J, 0.
Rasmissen, Jr., J. M, Hollander, D. R. Inglis, and G. Friedlander and
tﬂe help of M. J. Hollander with a number of the calculations. This

work was performed under the auspices of the U. 8. AEC.
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Fig. 1. Plet of comparative slow neutron fissionability.
crf/crr denotes ratio slow neutron fission to n,Y eross section
{2 signifies upper limit), NBE-2E denotes difference between

neutron binding energy and potential barrier.



