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BROMINE ISOTOPES PRODUCED BY CARBON ION
BOMBARDMENT OF COPPER

Jack M. Hollander
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

" July 10, 1953

In addition to providing a novel I‘mea.nsvfor the synthesis of
tfansplutonium elements, 1 the accelerated carbon ion beam of the
Berkeley 60-inch cyclotron may also be‘vused convéniently for the
study of neutron deficient nuclides, for it is a property of carbon
ion induced transmutations in any but the lightest elements that the
ratio of protons to _néutrons added to the térget _nucleué is virtually

- always larger than unity, |

_ The 60-inch cyclotron, which accelerates Hé4 (+2) ions t6

~40 Mev, should in theory produce C12 (+6) ions of ~120 Mev.
However, unpubli_shed experiments with G. B. Rossi and A. Gh:lorso2
have shown that the energy spread of the internal lcarbon ion beam is
wide, a most probable energy being pei‘ihaps nearer to 9.0 than to

120 Mev. Beam currents measured through 1. 5 mils of tantalum
absorber, corresponding to the passage of ions with kinetic energies
exceeding ~80 Mev, have averaged between 0.0l and 0.1 pA.

Copper foils have' been bombarded in the carbon beam, and
bromine chemical fractions subseéuently isolated. Their decay
curves showed two activities, with haif-lives of 95%* 3 minutes and
36 + 2 minutes, as shown in Fig. 1.  The first of these is to be

identified with the 1. 7 hour bromine isotope discovered by
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Woodward McCown, and Pool3 and a551gned by them to Br 5, on the
basis of proton and deuteron. bombardments of enr1ched Se74.-- In
the present expemments, the reactlon produc1ng thlS 1sotope
would be vCu. (C9 2n) Br ,, The 36 minute activity has not been
reported previously. |

| The 16 hour positron. emitter. Bf76 has not been observed in’
) any carbon ion bombardments'. of cop.per. From the gross 'ac?t'ii}ity
curves, which decay to background without tailing out into a-"'l'oxii'ger
component a lower limit of ~30 can be set on the ratio of the

(C Zn)Br 75 :to the éﬁéS(C n)Br76 reactioh |

" In an attempt to fix the isotopic ass:gnment of the 36 mmute

bromine relative to 95 minute'Br—[S, carbon ion bombafdmeﬁtéﬂof
1sotop1ca]1y edr:}ched“C‘ﬁO targets4 v‘ver.e made. The CuO samples
carriedn the following 'anélyses: o
..;(‘ZuO_I. | Cu63 99.7 % 0. 3% 'cﬁ65 0. 3% |

63 65

S CuO Il Cu’’1.84%0.02%  Cu'- 98.16  0.02%.

""’Br‘"’?'5 can be produced by cerbon 1one only from Cu65, ‘since a
(C y)Br rea_ctlon would not be likely. Thus,‘- from CuO’l,
any Br ' Which is produced should have come only ffom the* ~0.3%
' "‘.,Gu’és"rema'ining» 1n that sample. - One woﬁld then expect the ratio
Br'7'5-(from', CuO 'H,)/Br75(from CuO ) to Be ~ 300." ‘Actuall-y‘ observed
~in two bombardments -were ratios of 50 and 100, which, considering
the experimental uncertainties in carbon.ion beam current and -
chemical yields, are not inconsistent with the isotopic .enrichment

 reported.
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' The' erosétsetctions for the c-qcé?.sI(G',fa.-Zﬁ-f)~B.r3r§;:-gr e"a»ctié;"i and the

(C xn) 36 min Br ~5 réaction wete. roughly ‘equaly, indicating .

74 ;; .

‘that‘the latter act1v1ty may be due ‘to the: Cu (C 3n)Br:i-or

b5

{(C, 4n)Br Sifeaction.’ Thefe: was:no appearance: of ‘the 7.1 hour
Se73 in anyof th’é1--15’fdmiﬁéi-‘:&é‘é8fy duf‘vie §; . 80v%it:is fairly centain.that
the 36 minute bromine does not decay through that state; but in view
of the present uncertainty in the mode of &ecay of Se73, one cannot
on these grounds eliminate the possibility that the 36 minute bromine
is Br73., However, the folléwing evidence points to its assignment
to Br74: in spite of over a fiftyfold enrichment of Cu()3 in CuO I
as compared with CuO II, the ratio of 36 minute/95 minute
activities was only slightly enhanced in CuO I, and the absolufe
yield of the 36 minute activity was lower by a f.actor of about 50 in
CuO Ithan in CuO II, indicating that the 36 minute activity has
been made in ,Cu'63 by a reaction.with a very low cross éection, and
hence may be assigned tentatively to Br74, by the Cu63(C, n)Br
reaction.

In cé.rbon ion bombardménts of . Cu’630, but not in those of

Cu‘6 5

O, a 4 £1 minute bromine activity has also been observed,
but no further details are presently known about this activity.

I am greatly indebted to I. Perlman for his helpfui comments,
and to G. B. Rossi and the crew of the 60-inch cyclotron for their
help in making these bombardments.

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

Atomic Energy Commission.,

lGhiorsca, Thompson, - Street, Jr., and Seaborg, Phys. Rev.

81, 154 (1951).
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2.-]' .~M. Hollander, ’University of California-Radiation

. Laboratory Report UCRL-1395 (June »1951)“."& Cn
3Woodward, McCown, -and Pool, Phys. Rev.. 74, 870, (1948),
:4These enriched samples were kindly loaned by the Stable

Isotopes Division of the Oak Ridge National Laboratory.,
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I'ig. 1. Typical decay curve of bromine fraction

from Cu + C12 bombardments.
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