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NUCLEAR HEACTIONS OF ARSENIC WITH 190 Mev DEUTERONS

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 3JAs75 with 190

Mev deuterons range in atomic number up to twenty-four

(or more) mass units lighter than As75. Identification of

these isotopes was based on chemical behavior and half-life

determination. Relative yields have been calculated and

show that GO% of the obse~led reactions produce isotopes

within 8 mass units of As75 •

Three new isotopes have been observed: 9.5 d. Se72

Contract No. "T-7405-eng-4P

To be nublished as a Letter to the Fditor of Physical Review.
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NUCLEAR REACTIONS OF ARSENIC VIlTH 190 Mev DEUTERONS

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

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

January 21, 194[5

Bombardment of pure arsenic (3~s75) with 190 l~v deuterons has led to the

observation of nuclear reactions in which some of the product nuclei are more

than 20 mass units liGhter than the tareet nucleus. Identification of these and

of other reaction products was made bj~ chemical separation of the various radio-

isotores 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 argon-filled (10 em. pressure) Geiger-~1U11er counting tubes of

the thin wh1dow1ype (ce.o:3 mg/cm.2 of mica). The half-lives obtained from the re-

solved decey curves formed the chief basis for identification of known isotopes.

In those cases in which sufficient activity was available samples were placed

in a crude beta-ray srectrometer and tested for positive or negative beta-particle~

Most of the radiations observed could ge assigned to known isotopes; these

isotopes are listed in the table below. The identifications of Zn72 , Cu60, Ni57 ,

and C0 55 are uncertai.n as they are based on half-lives obtained :7ith low accurac~r

due to the high level of accompanyinc; activities. The assignments of r.'In52 and

Cr51 are based on reliable half-life determinations from meast~ements of a small

amount of activity in thetfu and Cr fractions. The identification of the remain-

:l.ng isotopes is be~~ond doubt.

Several new radioactivities have been observed. Mass assignments have been

mlS.n.€, 9Y demonstration of the fol1onin.'?; deca~r chains.



I
I

e- K )
(a) Se72 9.5 d. As72

(new) (known)

Se7l
rt ,.

As7l(b) 44 m.
(new) (new)

~+ .. ~
26 hr. Ge72

,B+~
52 m 0.e7l. "

(known)

UCRL..47
"c-r;e 5

B+
40 hr'., > Ga71

I ~+ ') 6n
68 m,Zn 0

K
250 d. t Ga68

(known)
(c) Ge68

(unassigned) (1)

"IIilkings" of As73 from Se73 (p+,6.7 h.) have failed to produce measurable

activity. This behavior is consistent 'liJith the assignment of the 100 d. activ­

ity(2) to As73.

Rough values for the yields of the isotol~S have been determined. The

figures presented in the table are ratios relative to the yield of As72, and are

average figures for several bombardments. The calctuations are only approximate

because of errors due to (a) self absorption and absorption in air, (b) scatter-

ing, and (c) unknown cOllnt~.ng efficiencies for orbital electron capturing isotopes.

In thA column "Reaction C>. it are civen the differences in mass and charge

00tween the product isotopes and the target nucleu$, 3JAs75 • Due to the time

:C'oC'uired for chemical separat:l.ol1s, no activities of less than about 15 minutes

~alf-life TIould have been seen. Isotopes of half-life greater than about 200 days

formed in yield less than 0.05 that of As72 liOuld not have been detected.

Salient featuxes of the data are~ (a) the low yield of selenium isotopes

as compared with arsenic isotopes (b) the predominance of neutron deficient

isotopes fro~ s3lenium to gallium and (c) the presence of proton deficient iso-

topes of the elements below zinc in ~rields comparable to those of the neutron

dEficient isotopes.

It vlill be noted that over GO% of the reactions observed produce isotopes

within 8 mass units of As75. Since these reactions require excitation of less

~~a~ N75 Mev, it appears that the high( el1erf.~Y deuteron gives up only part of its
~

energjY in most of the reactions. This behavior is consistent ':lith the picture of
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high energjT nuclear react:i.ons recently proposed b;r Serber. (3)

This work was performed under Contract No. W-7405-Eng~48, with the Atomic

Energy Comnlission in connection vdth the Rafiation Laboratory of the University
,

of California, Berkeley, California. The bombardments were conducted by Dr.

Duane Sewell and the l84-inch cyclotron group.



Type of (4)
Half-Life Yield(6) Reaction 6

Isotope Lite~;~m- ReI As 72 (7) --Radiation Observed 6Z M.
75 (K,r,e-) 120 d 160 d (8) 0.11 (5%)348e +1 +0
73 ~+ 6.7 h 0.09 +1 -2348e -
72 K 9.5 d 0.1 (100%) +1343e - -3
71

I ~+ 44 m 0.01 +1348e - -4
74 I - ""

33
As I ~ ,~ , r 19.0 d 16 d 1.1 0 -1

72

I ~+ 26 h 26 h 1.00 0 -333
As

As 71 I ~"" 52 m - 0.3 0 -4
,33 71 I ~+ ,K {38 h 40 h 2 -1 -432 C..e

I 11.4 d lld ""2 (3%)
68

I K 250 d 195 d ~5 (100%) -1 -63Z
Ge

Ga 68 ~+ 68 m 6!3 m 0.2 -2 -7
31 67

K,Y,e- 83 h 83 h (5%) -2Ga "'3 -8
31 66

~+ 10 h 9.4 h -0.1 -2 -93}, Ga "'2
,.. ....... ' (B- ,y) I N50 h 49 h (9) ~0.001 -3 .. 330'"""69 ,

'. (- ) I"'n , \~ ,LT.,Y {51 m 57 m 0.07 -3 ... 630 /
..1-

114 h 13.8 h 0.05

!'Jr.CI167 ~- 61 h 56 h (10) 0.02 -4 -8
\~" 64

(~- , ~+ , K, y) 15 11 12.8 11 0.1 .. 11I :;It' ':~u -4.,,' 61
(~+, K) 3,3 h 3.• 4 h 0.1 (100%) -4 -14"'9 C1..~

I. 60
(~+ ) .... 20 m 24.5 m(ll)

29 CU 0.06 I -4 -15
Ni 66

B- 56 h 56 h (10) 0.002 -5 -9
28 .65

(~- , y) 2.6 h 2.6 h 0,001 -5 .. 1028N1

Ni
57 ~+ 34 h 36 h 0.0002 ... 5 -18

28 61
(~- ) 1.8h 1.75 h (12) 0.003 ... 6 -14Co

27 56-58 ...
"7

eo I ((3 .. Y,K) ""80 d 72 d 0.06 (35%) -6 {-19c.

1..... ,c055 + -17
~ ,Y .v16 h 18.2 h 0.003 -6 -20IG I ,59
(B-,Y) 43 d 47 d 0.005 -7 ..16I26Fe

I Mn56 (f ,r) 2.6 h 2.59 h 0.002 -8 -19
25 52

(~+,r,K) 6 d 6.5 d (40%) -8 -23?f)~ffn 0.0002
.• ' 51

(K,Y,e-) 26 d 26.5 d 0.005 (5%) -9 -24;)1. Cr
I! ~ ±

l.~

75 +
ISOTOPES PRODUCED BY 33AS + 200 Mev D
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