Lawrence Berkeley National Laboratory
LBL Publications

Title
"Fission" of Medium Weight Elements

Permalink
bttgs:ééescholarshiQ.orgéucgitempmefGOg
Authors

Batzel, Roger T
Seaborg, Glenn T

Publication Date
1950-05-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at https://creativecommons.org/licenses/by/4.0

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9bm0f609
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

UCRL_76

Cy. 2

UNIVERSITY OF
CALIFORNIA

Radiation
SHaboratory

. BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Copy 2

UCRL=716
Unclassified Distribution

UNIVERSITY OF CALIFORNIA

Radiation Laboratory

Contract No, W=7405-eng-48

WFISSION® OF WEDIUM WEIGHT ELEMENTS

Roger T, Batzel and Glenn T, Seaborg

May 29, 1950

Berkeley, Califcornia



Cal

res

Carblde and Carbon Chemicals Div, L S
S Uniton Carbide and Carbon Corp, (K=-25 Planty) i
Carbide and, Carbon Chemicals Div, . ‘ S
) Union Carbide and Carbon Corp, (Y-12 Plant)’
'Chlcago Operations Office : g
‘Cleveland Area Office, AEC™

Unclassified Distribution

- INSTALLATION:

Argonne National Laboratory : .
Armed Forces Special Weapons PrOJect e
Atomie Enepgy Commission, Washington

" Battelle Memorlal Instltute o

Brush Beryllium Company .. .
Brookhaven National Laboratory
Bureau of Medicine and ourgery
Burean, of Ships.

.

Columbia University (J R, Dunning)
Columbia University\(G, Fallla)'
Dow Chemical Company ' '

H, K, Ferguson Company

~General Blectric Company, Richland

Harshaw Chemical Corporation

- Idaho Operations Office
‘Iowa State College

Kansas City-Operations Branch
Kellex Corporation:

Knolls Atomic Power Laboratory
Los Alamos Seientific Laboratory

‘Mallinckrodt Chemical Works

Massachusetts Institute of Technology (A, Gaudin)

- Massachusetts Institute of Technology (A,.R, Kaufmanp)um;w“w“
' Hound - Laboratory

National Advisory Committee for Aeronautlcs
National Bureau of Standards

Naval Radiological Defense Laboratory

New Brunswick Laboratory

New . York Operations Office

" North American Aviation, Inec,

Oak Ridge National Laboratory
Patent Branch, Washington

Rand Corporation

Sandia Laboratory

- Santa Fe Operations Office-

Sylvania Electric Produets, Iic,
Technical - Information D1V131on Oak Rldge

USAF, Air Surgeon (R, H, Blount)
' USAF Director of Armament (¢, 1. Bromne).*

USAF, Director of Plans and Operatlona (R, L. Annlegate)

USAF, Director of Research and Development
. : : (F, W, Bruner, and R, J, Mason) -
. 'USAF,  Eglin-Air Force Base (A, C, Field) e e

iagds Gy

" No, of Copies

HFEFPORFRRHEPOR O DD D @HE R GR DR QR0

2R

-

<18:
K'.?‘l
1

T
3

Fee a2y




- INSTALLATION: | .. No, of Gopies

USAF, Kirtland Air Force Base (li, F, Cooper)

UaAF lMaxwell Air Force Base (F, N, Moyers)

USAF NZPA Office , o

. USAF Office of Atomic Znergy (A, A, Fickel, H, C, Donnelly)

USAF Offutt Air Force Dase (H, R, Sulllvan Jr, )‘ '

USAF Wright-Patterson Air Force Base (Rodney Nudenberg)

. Army, Atomic lnergy Branch (A, W, Betts) '

Army, Army Field Forces (James Kerr) :

Army,'Commandlng General, Chemical Corps Techniecal Command
(J. A, MacLaughlln thru Mrs, G, Benjamin)" -

Army, Chief of Ordnance (A, R, Del Campo) ,

Army, Commanding Officer Watertown Arsenal (c. H, Deltrlck) o

Army, Director of Operations Research (Ellis Johnson)

Army, Office of Engineers. (Allen O'Leary) . R

Army, Office of the Chief Signal Officer ) “;f o Lo
{Curtis T, Clayton thru G, C, Hunt) T e

Army, Offlce of the Surgeon General (w S, otone)

. Geological Survey (T, B. Nolan) .

U S Public Health Service

Unlverulty of California at Los Angeles

University of California Radiation Laboratory

University of Rochester

University of Washington.

liestern Reserve University

Westinghouse Electric Company

Univ, of Rochester (R, E, Marshak)

. H-HE'H'H W

R

3
-

ad cqggcfddc
U)UJ hhmhnon (2 I

JwHﬁwHQUPHFﬁﬂ

Total

K
L
.

Information Division
Radiation Laboratory
University of California
Berkeley, California

e



.

-

UCRL-716
Page 3
#ETISSION® OF MEDIUM WEIGHT ELEMENTS
Roger E. Batzel and Glenn T. Seaborg

Raddatlon Laboratory and Department of Chemistry
University of California, Berkeley, California -

May 29, 1950

The fission reactlon has been observed with high energy accelerator projectiles
for elements as light as tantaluml but has not been reported for medium weight
elemerts The present note presents evidence for the occurrence of reactions which
are probably most properly descrlbed bV the term "flsslon" and which seem.to occur
w1th very small yield throughout the region where this type of reaction is only
siightly exoergic or even endoerglc with respect to mass balanoe°

In the coorse ofedetailed investigation of the spallation of copper and the
variation of the product yields with energy of the bombarding partiole the threshold
for formatlon of radiocactive 013 (38-minute half-life) from elemental oopper was
studied. The energetlcally most economical way in which 013 mlght be formed by
spallation reactlons is by emission from the bombarded copper nucleus of nuoleons
in groups such ae alohaapartioles instead of single nucleons. The energetic re;.

guirements for the reaotion CuéB(p9pn6a)GIB89 in which the maximum number of alpha-

“particies are emittéd; include (1) the mass difference between the reactants and

the produéés end (2)>the excitation energy which the alpha-particles must have in
order to oaes.over hhe codlombio barrier Since the reaction is ehdoergic With
respect to atomlo masses, about 5C Mev must be supplied by the impinging proton
to make up the mass dlfference If the alpha-particles are oon31dered as comlng
out consecutlvely, a value of about 50 Mev can be obtained for the coulomblo re-
quirement and thus the threshold Ior this spallation reaction is roughly 100 Mev.
The production.of 0138 was definitely cbserved at proton bomberdmenidenergies
begiming at about 66%76.ﬁev hith a croes section of some lOa32 om2 which ihoreased
smoothly with'energy'ﬁolébeut 10°3L n? at 100 Mev. The identification was made

in all cases through chemical separation, measurement of half-life ﬁith a Geiger
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counter and observation of the sign of the beta-particles with a simple beta-ray
spectromgtera The possibiliﬁylthat the qbserved activify might be due to iﬁpurities ‘
in the coppér was éliminated‘through analysis by radioactivation methods for all
possible iﬁpurities which might account fér the observed yield of 0138° In order
-to explain the loﬁ threshold it must be assumed that substantially largér particles
than alpha-particles are emitted.gnd the reactions are therefore of a type which
might more préperly be termed fission. As an example, the extreme reaction
Cu63 PP —— 013§ + Alzs + n, which is energetically most economical but still
,endoefgic, has a threshold of about 50 Mev as calculated by adding the amount of
energy necessary to make up the mass difference to the excitation energy required
for the potential barrier assuming that the fragments are sbherical aﬁd tangent
at the nuclear radii (taken as 1.48 x 10713 Al/3 cem). This calculated thréshold
is admittedly very rough, bﬁt illustrates that the threshold for this type of
reaction is definitely lqwer than fof the above described spallétion reaction;
The cross section is calculated on the basis of the single isotope observed and
.QOes not correspond to a total fission crosé section, in the sense that £ﬁé term
is ordinarily used, where the'yield of all the fission products is suﬁmedo

This rgsult.made it seem worthwhile to investigate' other elem;ntsiiq the
middlé pértién}of the periodic system in order to see whether ahalég;;én;eécfions
might_océur aéja general ruieo Bromine was bombarded and the vafiaﬁ&on with

energy of the yield of radioactive Schh (3.9=hr. isomer) was studied. The threshold
| | Ly

¢

for tﬁe reaétion Br79(p,p7n7a)Sc is about 180 Mev and that for Br79 P ——
schb P3§ *v2n is abouﬁ 80 Mev caléulated as above. The Sc’l"l+ was observed Qiiﬁ
proton energiesiof 125 and 140 Mev with cross sections of about 10“32 cmé;‘With
the value at the'higﬁgr energy several times that at the lower energy;, and the

yield was too smll to measure at 70 Mev. Special purity ammonium bromide was

synthesized and used in all bombardments.
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The ' comparable reactions for silver, Ag ' (p,pénlOa)Co  and Ag +p >

61 L5

Co°* .+ Sc '~ + 2n, have calculated thresholds of about 210 and 60 Mev, respectively.

In this éase the fission reaction is exoergic by about 10 Mev., The isotope Co
(1.8 hours) was observed at an energy of 180 Mev with an approximate cross section
of lOQBz'cm2 based on elemental silver, but the results must be termed borderline
due to the difficulty in resolving the 0061 due to the silver from that formed by
a smal1 amount of copper impurity. Radioactivation methods were used to determine
the amount of copper present. Unfortunately, the yield of Co61 from the‘copper.
impurity was about as much as that from the silver itself.

: The formation of gallium isotopes from tin bombardment was also studied,; and
isolétion 6f the gallium fraction showed the characteristic activities of Ga66
{about 9 hours) 'and-,Ga72 (about 14 hours). The calculated threshold for

Snlls(pg'anOa)Ga72 is about 230 Mev and that for the reaction Sn118 + P

45

>
Ga72 + Ca’” + 2n is about 70 Mev; the fission reaction is exoergic by about 10 Mev,
Thé'Gaéé and Ga72 were observed at energies of 150 and 180 Mev with cross sections
based oﬁ elemental tiﬁ of about 10332 cm? and with the vaiues ét the highér several
times those at the lower energy; ﬁhe yield at 100 Mév was too small ﬁo:identify
and no yield was detectable ét 80 Mev., |

Apparently, when the energy threshold requirements are met; large fragments
are emitted among the competitive products of nuclear reactions throughout the
entire range of atomic numbers of the elements. This is certainly not surprising
and the measured yields reported here seem to be quite’reasonableo It seems cer-
tain that the size of the fragments varies continuously from those (neutrons,
protons, deutefonsg alpha-particles, etc.) which accompany what we for convenience

2'
>3 Lis, etc.),

call spallation reactions; through intermediate sizes (for example,
and on up to sizes such that the nucieus is split essentially into several pieces

of comparable weight. Apparently a number of reactions in which there occurs the
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latter type of nuclear splitting have been observed in the present investigation
and perhaps the term "fission" is as proper a name as any to apply to this process.

It should be emphasized again that the above cross sections are calculated

on the basis of the single isotope observed and do not represent the total fission .

cross sections for the éiven elements in the sense that this term is ordinarily
used. It should also be pointed out that the number of cases in which similar
reactions can be studied at present is very limited due to the strict requirements
on purity of the bombarded substance, the high factor of radiocactive purification
necessary, and the sensitivity needed in detecting the product isotope.

The bombardments were carried put on the 184-inch cyclotron, and the required
energy was obtained by adjusting the ‘distance of the target from the periphery
of the tank. We wish to thank Mro.James T. Vale and the group operating the 184- -
inch cyclotron for the irradiations performed“in the course of these studies.

This work was performed under the auspices of the U. S. AEC.

lPerlmang Goeckermann, Templeton, and Howland, Phys. Rev. zg, 352 (1947).
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