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NUCLEAR REACTIONS OF ARSTNIC WITH 190 Mev DEUTERONS 4~ -

H, H, Hopkins, Jr., and B. B, Cunningham

Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California

January 21, 1948

Abstract

Isotopes formed in the bombardment of 33As75 with 190
Mev deuterons range in atomic number up to twenty-four
(or more) moss units lighter than As7®, Identification of
these isotopes was based on chemlcal behavior and half-life
determination, Relative yields have been calculated and
show that 807 of the ohserved reactions produce isotopes
within 8 mass units of As75.

Three new isotopes have been observed: 9,5 d. Se?

(K), 44 m. Se™ (p*), and 52 m., As™ (g*),

Contract No. "=7405~eng-4&

To be nublished as a Letter to the Fditor of Physical Review.
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NUCLEAR REACTIONS OF ARSENIC WITH 190 Mev DEUTERONS
H, H. Hopking, Jr., and B, B, Cunningham

Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California

Januvary 21, 1948

Bombardment of pure arsenie (33As75) with 190 Mev deuterons has led to the
observation of nuclear reactions in which some of the product nuclel are more
than 20 mass units lizhter than the target nucleus. Identification of these and
of other reaction products was made by chemical separation of the various radio-
isofopes into elemental fractions, followed by an investigation of the radiations
associated with each fraction,

The gross rate of decay of the radioisotopes in each elemental fraction was
determined with grgon-filled (10 cm, pressure) Geiger-Miller counting tubes of
the thin windowtype (ca. 2 mg/em,® of mica). The half-lives obtained from the re-
solved deccy curves formed the chief basis for identification of known isotopes.
In those cases in which sufficient activity was available samples were pPlaced
in a crude beta-ray snectrometer and tested for positive or nezative beta-particles

Most of the radiations observed could he assipned to known isotopesy these
isotopes are listed in the table below., The identifications of Zn?z, Cuéo, Ni57,
and Co®% are uncertain as they are based on half-lives obtained with low accuracy
due to the high level of accompanying activities. The assignments of M52 and B
crdl are based on reliable half-life determinations from measurements of a small
amount of activity in the Mn and Cr fractions, The identification of the remain-
ing isotopes 1s beyond doubt,

Several new radioactivities have been observed, Mass assignments have been

made by demonstration of the following decay chains.
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a ? AsT2 GeR

(a) Se’™® 9.5 d. 55 T
(new) (known)
+

. B B _ B )
(b) se™1 44 m.  AsTl 52 m, Gell 70 hr.. Ga't
(new) (new) (known)
6 D SN
(c) Go®8 350 a4, Gab® 63 m.’ n
(unassigned) (1) (known)

"ilkings" of 4873 from Se?3 (ﬁ+,6.7 h,) have failed to produce measurable
activity. This behavior is consistent with the assignment of the 100 d. activ-
ity (R) to 4673,

Rough values for the yields of the isotoves have been determined, The
firures presented in the table are ratios relative to the yield of As72, and are
average figures for several bombardments., The calculations are only approximate
because of errors due to (a) self absorption and absorption in air, (b) scatter-
ing, and (c) unknown counting efficiencies for orbital electron capturing isotopes.

In the colum "Reacticn A" are given the differences in mass and charge
wetkween the product isotopes and the target nucleus, 33As75. Due to the time
roouired for chemical separations, no activities of less than about 15 minutes
helf-life would have been seen, Isotopves of half-life greater than about 200 days
formed in yield less than 0,05 that of As72 would not have been detected,

Salient features of the data are: (a) the low yvield of selenium isotopes
as compared with arsenic isotopes (b) the predominance of neutron deficient
isotopes from s2lenium to 7allium and (c) the presence of proton deficient iso-
topes of the elements below zinc in yields comparable to those of the neutron
deficient isofones,

It will be noted that over 30% of the feactions observed produce isotopes
within 8 mass units of As75, Since these reactions require excitation of less

than ~75 Mev, it appears that the highKenergy deuteron gives up only part of its
o
energy in most of the reactions, This hehavior is consistent with the nicture of




high energy nuclear reactions recently nroposed by Serber.

This work was performed under Contract No, W-7405-Eng-48, with the Atomic
Energy Commission in connection with the Radiation Laboratory of the University
of California, Berkeley, California. The bombardments were conducted by Dr,

Duane Sewell and the 184-inch cyclotron group.
o &)
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+ 200 Mev D'

Half-Life . a14(6) Reaction A

Isotope R§§§§t25n<4> Observed |Literature "’ R:;ei:72 0N | om
34Sezz (f,Y,e') 120 d 160 4(8) 0.11 (5%) 1 | +0
348672 B 6.7 h - 0.09 1 -2
34Se71 K; 9.5 d - 0.1 (100%) +1 -3
34Se74 " ) 44 m - 0.01 +1 -4
53As72 p+,5 R 19.0 d 16 d 1.1 -1
53A571 ﬁ+ 26 h 26 h 1.00 -3
55AS71 B+ 52 m - O 3 -4
5p08 8",k {58 h 40 h 2 - -4

11.4 4 11 d ~2 (3%)

52Ge:: X 250 4 195 a ®5 (100%) -1 | -8
5108 B 68 m 68 m 0.2 -2 -7
316a67 K,¥, 0 83 h 83 h ~3 (5%) -2 -8
szGafs 8" 10 h 9.4 h ~0.1 -2 | -9
SOZnés (8" .1) ~50 h a9 n(9) £0.001 -3 | -3
2R (37 ,1.T.,Y) {51 m 57 m 0.07 -3 -6
o {14 h 13.8 h 0.05
087 8" 61 h 56 n(10) 0.02 -2 | -8
ottt .8, EY) | isn 12.8 h 0.1 -4 | -11
St (8", %) 3.3 h 3.4 h 0.1 (100%) -4 -14
;QCu6O (8") ~20 m 24,5 m(11) 0.06 -4 | -15
o1l 8 56 56 n(10) 0.002 -5 | -9
ngigi (E",Y) 2.6 h 2.6 h 0,001 -5 -10
28N161 o 34 h 36 h 2) 0.0002 -5 | -18
270056_58 (@*) 1.8 h 1.75 h 0.003 -6 -14}
;70O LB LY, K) ~80 d 72 d 0,06 (35%) -6 {:ig
G0 8"y ~16 h 18,2 h 0.003 -6 | -20
;6Fezz (87,v) 43 4 47 4 0.005 -7 -16.
o5 M0 (B 57Y) 2.6 h 2.59 h 0.002 -8 -19
A (B*,Y,K) 6 d 6.5 a 0.0002 (40%)| -8 | -23
24Cr51 (K,¥,6") 26 d 26.5 a 0.005 (5%) -9 | -24
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