UCRL_3%

ey 2

UNIVERSITY OF
CALIFORNIA

Radiation
Laboratory

o 3

TWO-WEEK LOAN COPY

~ This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Diqision, Ext. 5545

\_ J

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
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SPALLATION PRODUCTS OF ARSENIC WITH 190-Mev DEUTERCHS

23

H. H. Hopkins, Jr.
: Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California
July 7, 1949

Recent invéstigationsl of the nuclei formed when arsenic is bombarded with
190-Mev_deutérons in the 134-inch cyclotron have been extended.

The target material COnsisted of twice sublimed arsenic. Spéctrographicv'
analysis2 showed no impurity in sufficient quantity to account for the formation
of any of the ischopes renorted here with the observed yields.

The use of improved chemical separations and counting techniques has enabled
“the identification of 33 nuclear species.among the elements fromvchromium through
selenium. Table I lists the isotopes identified, the observed and literature
half-livesg, and the yields relative to that of AsT?, Since some of the yield
figures depend on the extent of electron capture, the percentage of electron
captﬁre‘uséd in the yield calculation is indicated after the yield figure in
parentheses. The yilelds renorted here afe~all accurate to within a factor of
two and most are accurate to within 30%. The uncertainties lie in the electron-
cabturing ratios and counting efficiencies, |

Table 1 éontains twwo changes in isotoﬁe assignment differing from those
previously reworted.l The A4-minute selenium and 52-minute arcenic daughter are )
pléced at mass 70 since careful separ-tions revealed no active germanium daughter.

The 40-hour mermanium cannot be found vhen germanium is chemically separated from

the 6Q-hour As7l, so is assigned to mass 69, in agreement with the work of Pool.4
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Isotopes Produced by 33As75 + D" (190 Mev)

] Radiation : , ‘

Isotope Type Lit. Half-Life3 Obs. Half-Life Yield Rel.as72 (5)
Se7'.5 K 127 days -

Y _ 27 days 120 days 0.14 (100%)
Se;g Bt K 6.7 hrs. 6.7 hrs. 0.27 2?~WO%)
§e7o K, 9.5 days 9.7 days 0.077(6

e R 44 min. ~s 4l min. 0,004
T )
33Asg4 RT R 17.5 days 19 days 1.25
ﬁs7g §+- 92 days - (1ong) 2
] R 25 hrs. 26.7 hrs 1.00
71 , i ’
170 g 60 hrs. 60 hrs. 0.72(6)
8 g 52 min, 52 min. 0.1
71 '

32G669 K+ 11 days 11 days 2.0(100%)
GeO? g+ K 39.7 hrs. 40 hrs. © 0,95 émuqu)
Cogr I, 250 days 250 days 0.29(6)

, in. 21 min. 0.1
Geb6 3*(?) 140 min. ~~150 min. 0.003
Ga’0 B- 20,3 mi 0 m
1 .3 min. 20 min. 0.018

3 Gagg f'!+ 68‘ minc . 70 minc O'o 560
gaéé g+ 78.3 hrs.. 30 hrs. 1.0(100%)

a K 9.4 hrs, 9 hrs. 0.56 (~.70%)
72 -
7n S 49 hrs. ~.50 h )

3020, S ) TSe 0.00022
gzggm %.T. %368 hrs. 13.5 hrs. 0.015
e K 32 mgiyg (1ong)i 0.2 (100%)

6 ! 3 . 39 min. 0.02
7n 0 9.5 hrs, 10 hrs. 0.002(6)
290ugz R= 56 hrs, 61 hrs. 0.013
“Cupy PTLRTK 12.9 hrs. 12.8 hrs. - 0,20(~.50%)
.Cu61 RK 10.5 min. 10 min.: 0.10
Cul 13 3.4 hrs. 3.3 hrs. 0.03

ZSN?gg B: 56 hrs. 56 hrs,: 0. 0006
Ni g 2.6 hrs, 2.6 hrs. 0. 0030
Ni57 et 46 hrs ' )

: 36 hrs. 3/ hrs. 0.00003

2§go§é 8- 1.75 hrs. 1.83 rs. 0.014
G Gr T b 0:%6 (o)
) Je2 hrs. - 18 hrs. 0.0002

26Fe59 p- 456.3 days‘ 46 days- 0.005
. 56 - ’ ’ ‘

25gn52 B+ 2.29 hrs. 2.6 hrs. 0.0026

n51 BT,K 5.3 days 6.2 days ~0.0003(~_65%)

248r49 g+ 26.2 days 25 days ~ 0.002(100%)

Lr 4L.9 min. 40 min. 0.00006
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It is reasoncble to assume that stable nuclel are formed in the spallation
prodess with yiélds not far different from those of the adjacent isotopes. On
this basis we ageign a yield to each iéotope which we cannot obsnrve, following
.the trends.apparent among the observed isoﬁbpes. The resultant yield pattern can
be described as follovs: | \
(l)v For each element below arsenic, the yields of the isotopes increase
towards the line of nuc}éaf stability.
»(R)HYFor each mass number the yields of isobars increase towards the line of
stability.
(3) The loﬁer the atomic number, the lower beéomes the total yield of a given
~ element, |
From a consideration bf the 0 values of the reactions and the énergy necessary
for coulombic barrier penetrations, we conclndes |
(1) Reactions leading to arsenic, germanium, and gallium isotopes are mostly
non-capture excitation reactions,in ﬁhich’only a fraction of the deuterols
energy %s imparted to the nucleus.These comprise 3>90% of all the reactioné
(2) Less likely processes involving preliminary cépture of the deuteron lead
to isotopes of lower lying elements.
(3) The formation of nuclear species lower than Fe?? involves the emission of

one or more alvha-particles. Such reactions occur ~.1% of the time.

This work was performed under tho auépices of the United States Atomic Energy

Commission.
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