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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. . 
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SPALLATION PRODLi"CTS OF AHSENIC Y!ITH 190-f1ev DEUTERONS 

H. H. Hopkins, Jr. 
Department of ChemistrJr and Radiation Laboratory 

University of California, Berkeley, California 

July 7, 1949 

Recent inv8sti[~ationsl of the nuclei formed when arsenic is bombarded with 

190-Llev deuterons in the lG4-inch cyclotron have been extended. 

The tarGet material consisted of twice sublimed arsenic. Spectrographic 

analysis
2 

showed no impnritJr in sufficient quantity to account for the formation 

of an;)" of the iso':.opes re~orted here with the observed yields. 

The use of improved chemical separations and c01.mting techniques has enabled 

the identifi~ation of 33 nuclear species among the elements from chromium through 

seleniu.m. Table I lists the isotopes identified, the observed and literature 

half-lives3, and the yields relative to that of As72. Since some of the yield 

fisures depend on the extent of electron capture, the percentage of electron 

capture used in the yield calculation is indicated after the yield fiGure in 

parentheses. The ;rields re~)orted here are all accurate to within a factor of 

tv!O and most are accurate to within 30%. The uncertainties lie in the electron-

capturing ratios and counting efficiencies. 

Table I contains tHO chanGes in isoto'')e assignment differing from those 

previously re')orted. l The 44-m:i.nute selenium and 52-minute arr:enic dauchter are 

Dlaced at mass 70 since careful sepGr-tions revealed no active germanium dau3'hter. 

The 40 ... hour r:ermanium cannot be found ':.rhen germanium is chemically separated from 

the 60-honr As 71, so is assip,ned to mass 69, in agreement with the work of Poo1.4 
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T-able 1 . , 

Isotopes Produced by ,y}s75 + n+ (190 r.1ev) 

1 Radiation 
Isotope Type .Lit. Half-Life3 Qbs. Half-Life Yield Re1.As 72 (5) -_ .. _-
34

Se75 K 1'27 days 120 days 0.14 (100%) 
Se73 13+ K 6'.7 hrs. 6.7 hrs. O. 27 f~)7qb ) 
Se72 

. , 
0.077 6 K 9~5 days 9.7 days 

Se70 r+ M-min. ____ '"'"' 44 min. 0.00k.... 

33As74 0+ ,P- 17.5 days 19 days 1.25 
As73 K 90 da:rs (long) 2' 
As72 p+ 26 hrs·. 26.7 hrs. 1.00(6) As71 K 60 hrs. 60 hrs •. 0'.72 
As70 0+ 5.'2 min. 52 min. 0.1 

32Ge71 K 11 days 11 daJTs 2.0(100%) 
Ge69 0+,K 39.7 hrs. 40 hrs. 0.95 (£)7CPfo.) 6~~ Ge U K 250 days ·Q50 d~ws 0.29 
Ge 67 (:1 + 23 min. 21 min. 0.1 
Ge66 P+(7 ) 1/+0 min. "'-....-·150 min. 0.003 ,... _.- ... ---~ 
G 70 S- 20.3 min. 20 min. 0.018 31 a68 Ga 0+ 63' min. 70 min. 0.56 
Ga67 K 73.3 hrs. 80 hrs. 1.0(100%) 
Ga66 p+ K 9.4 hrs. 9 hrs. 0.56 (.-,.,70%) , ----- +-ett-__ 

Zn72 0- 49 hrs. ~",.,-50 hrs. 0'.00022 
30zn69m I. T. 13.3 hrs. 13.5 hrs. 0.015 

Zn65 K 250 days (long) 0'.2 (100%) 
Zn63 8+ 3\3 min.' 39 min. 0.02 (6) 
Zn62 K 9.5 hrs. 10 hrs. 0.002 ---

29Cu67 p- 56 hrs. 61'hrs. 0'.013 
"Cu6!.;, r+,f:\-,K 12.8 hrs. 12.3 hrs. 0'.20( ,'\.5~) 
,Cu62 p+ ,K 10.5 min. 10 min. 0'.10 
Cu6l p+ 3.4 hrs. 3.3 hrs. 0.03 -----,--- - . , 

?GNi66 B- 56 hrs. 56 hrs. 0.0006 ,_u1a65 B- 2.6 hra. 2.6 hra. 0'.0030 
-Ni57 (.1+ 36 hrs. 34 hrs. 0.00003 --.-
C 61 s- 1. 75 Ilrs. 1.33 'lrs. 0'.014 27 0 5"" Co u 8+ K 72 days long 0.006 (.-,-,35%) , 

~~j C0 55 8+ 1[1.2 hrs. ~,.l8 hrs. 0.0002 ._----------------'. 

, . 
26Fe59 0- 46.3 days 46 days· 0.005 .. , ~6.. ._-----------

56 
' I 

25Mn52 r 2.59 hrs. 2'.6 hrs. 0.0026 
Mn B+ K 5.3 days 6.2 days 0.0003 C, ... 65% ) , --

24Cr5l K 26.5 days 25 days 0'.002 (100%) 
,:CrL,9 B+ 41 0 • 40 min • 0.00006 • '7 m~n. 

~--------
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It is reasons.ble to assume that stable nuclei are formed in the spallation 

process with yields not far different from those of the adjacent isotopes. On 
. ~} 

,. this basis we assign a yield to each isotope which we cannot obsnrve, following 

the trends apparent among the observed isotopes. The resultant yield pattern can 

be described as follons: 

(1) For each element belor! arsenic, the J~ields of the isotopes increase 

tm'Tards the line of nuclear stability. 

(2) For each Mass number the yields of isobars increase tovmrds the line of 

stability. 

(3) The 10rJer the atomic number, t~1e lower becor.les the total yield of a given 

element. 

From a consideration of the q values of the reactions and tho enerGY necessary 

for coulombic barrier penetrations, ne concll'de: 

(1) Reactions leading to arsenic, germanium, and gallium isotopes are mostly 

non-capture excitation reactions,in which only a fraction of the deuterorls 

energy :.s imparted to the nucleus. These comprise> 90% of all the reactions 

(2) Less likely processes involving preliminary capture of the deuteron lead 

to isotopes of lowor lying eloments. 

(3) The formation of nuclear species lower than Fe57 involves the emission of 

one or more al;1ha-particles. Such reactions occur ",-,,1% of the time. 

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

Commission. 
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