
Lawrence Berkeley National Laboratory
Recent Work

Title
EXCITATION FUNCTIONS FOR SPALLATION REACTIONS ON Cu

Permalink
https://escholarship.org/uc/item/4qv5t5pp

Authors
Bartell, F.O.
Helmholz, A.C.
Softky, S.D.
et al.

Publication Date
1950-06-20

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4qv5t5pp
https://escholarship.org/uc/item/4qv5t5pp#author
https://escholarship.org
http://www.cdlib.org/


( 
"'\ ·. 
,- I 
' -

>­w 
...J 
w 
~ 
0:: 
w 
m 
I 
<l: -z 
0:: 
0 
LL 
...J 
<l: 
u 
LL 
0 

>­r -
(/) 
0:: 
w 
> 
z 
:J 

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. Diuision, Ext. 5545 

UCRL- .,5? 

UNCLASSifiED 

RADIATION LABORATORY 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain conect 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 wananty, 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. 



Cot~y z.. 

UCRL 757 
Unclassified Distribution 

UNIVERSITY OF C.Ai..IFORNIA 

Radiati oh Laboratory 

Contract No~. W-7405-eng':"'48 

EXCITATION FUNCTIONS FOR.SPALLATION REACTIONS ON Cu. 

F. o. ~artell, A. c. Helm.holz, 

s. D.. Se,ftky~ and·D .. B. Stewart 

June 20, 1950 

Berkeley • California 



Unclassified Distribution 

-2-

INSTALLA"TION 

Argonne National Laboratory 
Armed Forces Special Weapons Project 
Atomic Energy Commission, Washington 
Battelle Memorial Institute 
Brush Beryllium Company 
Brookhaven National Laboratory 
Bureau of Medicine and Surgery 
Bureau of Ships 
Carbide and Carbon Chemicals Div., 

Union Carbide and Carbon Corp. (K-25 Plant) 
Carbide and Carbon Chemicals Div., 

Union Carbide and Carbon Corp. (Y'"'l2 Plant) 
Chicago Operations Office 
Cleveland Area Office, AEC 
Columbia University (Jo R. Dunning) 
Columbia University (G. Failla) 
Dow Chemical Company 
H. Ko Ferguson Company 
Generai Electric Company, Richland 
Harshaw Chemical Corporation 
Idaho Operations Office 
Iowa State College 
Kansas Cjty Operations Branch 
Kellex Corporation 
Knolls Atomic Power Laboratory 
Los Alamos Scientific Laboratory 
Mallinckrodt Chemical Works 
Massachusetts Institute of 'l.'echnology (A. Gaudin) 
Massachusetts Institute of Technology (A. R. Kaufmann) 
Mound Laboratory 
National Advisory Committee for Aeronautics 
National Bureau of Standards 
Naval Radiological Defense Laboratory 
New Brunswick Laboratory 
New York Operations Office 
North American Aviation, Inc. 
Oak Ridge National Laboratory 
Patent BranchJl Washington 
Rand Corporation 
Sandia Laboratory 
Sante Fe Operations Office 
Sylvania Electric Products, Inc. 
Technical Information Division, Oak Ridge 
USAF, . Air Surgeon (R. H. Blount) 
USAF~ Director of Armament (C. I. Browne) 
USAF~ Director of Plans and Operations (R. L. Applegate) 
USAF, Director of Research and Development 

(F. W. Bruner and R. J. Mason) 
US.A.F, Eglin Air Force Base (A. C. Field) 

No. of Copies 

8 
1 
2 
1 
1 
8 
1 
1 

4 

4 
1 
1 
2 
1 
1 
1 
3 
1 
1 
2 
1 

-2 
4 
3 
1 
1 
1 
3· 
2 
2 
2 
1 
5 
1 
8 
1 
1 
1 
1 
1 

15 
1 
1 
1 

2 
.1 



-2a-

INSTALLATION No. of Copies 

USAF, Kirtland Air Force Base (M. F. Cooper) 1 
USAF, Maxwell Air Force Base (F. N. Moyers) 1 
USAF~ NEPA Office 2 
USAF, Office of Atomic Energy (A. A. Fickel and H. C. Donnelly) 2 
USAF, Offutt Air Force Base (H. R. Sullivan, Jr.) 1 
USAF, Wright-Patterson Air Force Base (Rodney Nudenberg) 1 
U. S. Army, Atomic Energy Branch (A.·W. Betts) 1 
U. S. Army, Army Field Forces (James Kerr) 1 
U. S. Army, Commanding General, Chemical Corps Technical Command 

(J . A. MacLaughlin thru Mrs. G . Benjamin) 1 
U. S. Army, Chief of Ordnance (A. R. Del Campo) 1 
U. S. Army, Commanding Officer Watertown Arsenal (C. H. Deitrick) 1 
U. S. Army, Director of Operations Research (Ellis Johnson) 1 
U. S. Army, Office of Engineers (Allen O'Leary) 1 
U. S. Army, Office of the Chief Signal Officer 

(Curtis T. Clayton thru G. C. Hunt) 1 
U. S. Army, Office of the Surgeon General (W. S. Stone) 1 
U. S. Geological Survey (T. B. Nolan) 1 
U. S. Public Health Service 1 
University of California at Los Angeles 1 
University of California Radiation Laboratory 5 
University of Rochester 2 
University of Washington 1 
Western Reserve University 2 
!Jestinghouse Electric Company 4 
University of Rochester (R. E. Marshak) 1 
California Institute of Technology (R. F. Bacher) 1 

Information Division 
Radiation Laboratory 
University of California 
Berkeley, California 

Total 144 



UC:HL 757 
Unclassified Distributio~ 

EXCITATION FUNCTIONS FOR SPALLATION REACTIONS ON Cu 

Fo 0., Bartell.~~ A., C~ Helmholz 9 S., D., So:rtky.., and D., B., Stewart 

Radiation Labo:r:'atocy9 Department of Physics 9 

University of California 
Berkeley, California 

June 209 1950 

Excitation functl.ons have been measured f'or 190 Mev deuterons f:r.om the 

184-inch Berkeley cyclotron ~n the natural isotopic mixture of cu.63 and cu65., 

Chemical separation of Zn, Cu.., Ni tJ Co 11 Fe tJ sx.td Mn has been performed and the 

yields of several of the radioactive isotopes of these elements have been 

measured .as a function of deuteron energy., Results will be discussed which 

seem in accord With Serberu s theory of high ·energy processes and with other 

information on the yields ·Of nuclear.reactions at these energieS 0 
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Measu.ll:''€!l!le~'lt:s of the: yields of DJ.l.clea:!\" reactions as a function of the energy 

the bom.b~s.rdi.ng; pa;rti-0le12: hav,e pro'Vided C;onsiderable information regarding the 

meQ.ha.n:tc.s of the mwlea.r processes involved, At low energies the .familiar type 

of exc;Jt.ai;:'i.on £'-unction is one which rises f:rom the threshold to a. maximum and 

then f'a.Us o£'f r-apidly due to the Gompeti.t.ion from other processes" Most of 

these resul:bs are satisfactorily explained by the theoxy of the compound· nucleus :;t 

form.ed by the addit;ion of the bombarding partioleo Ear'ly results w:i th. the very 

high ene)tg;y pa:r't;J.<\'Jles fr,:lm the l84r~:l!..nch cyclotl'."on showed a considerably different 

behavior in that the yield di.d not f'all oi~f at high energieso Serber(l) has ex-

plained these :r·esu.l ts-. in -i:;erm£ of the inela.s"tic scattering of the impinging par-

ticle leaving in turn an exci tad nuclelv:;o This excitednucleus is now the com-

pound nuolt:•u.~; and dea}a.y~ by the usual proce13seso More detailed oa.loula.tions have 

been made foT the case of c12(p 11 pn)c11 by Heckrotte and Wolff o (
2 ) 

This wc.J'k was undertaken. ±'or the purpoE.:e of maki.ng a thorough study of the 

dif'ferent ~~·adioaoti vi ties :result;ing from the deuteron bombardment of a single 

Lindner and Perlman.( 3) have discussed the factors involved in 

the spallation :rea.ctions from Aso These factors will not be reviewed here.,. Ex-

63 62 64 Cu61 h N• 65 N" 57 ci ta.·tion fo.nc~l;;ions he.ve been detemined fer Zn. • 11 Zn . ' 0 Cc<l v ~ 1. iJ l. • 

(1) Ro Ser~':Je::c 9 Physo Rev0 
'72 ]Jl.l4 (1947) :.._b 

(;~) Wo He"::krot·t~-$ ~~~,:1 Po W~lff~ Physo RtS"Vo '7':{ 
~/) 264 (1948) 

(3) Mo L:J:r.dr<.e:r end Io Pe:rdme.:nD Physo Reiro I!!~ 499 (1950) 
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co61 0 co58
8 

Fe59 
11 

Fe52:
9 

Mn56 9 Mn52 
9 formed by 194 Mev deuterons on natural .iso­

topic coppero The stacked foil techniques described for the 184-inch cyclotron 

by Thorr.t.ton an.d Senseman9 (4) was usedo The foils on which the chemical separa­

tions were performed were electrolytic copper o002 ino thick,g 1 ino diameter 

discs o These were pl~ced in a 2 ino square stack of 1/32 i~o ·copper absorbers 

. so as to cover the energy ranges desir,edo It was not practical to perfo:rrm. the 

separations on .more than 12 foils s so 10 were placed between ·194 and 0 Mev ener­

gies of the deute:rons 9 2 beyond the range to give an estimate .of the neutron 

background and of any effect ~f deuterons scattered into the side of the stacko 

A .;Obi in., Al foil of the same size as the Cu. foils was pla.ced a.tthe high energy 

/ :··edge of the stack and used as a monitor., 27 ''>4 The Al (d»ap)Na~.o cross seqtion .,048 
I . . - :· 

barns(5 ) at 194 Mev was used to estimate the cross sections for the elements 

·formed., 

The stack of foils was bombarded in the internally deflected beam of the 

184-inch cyclotron for times of the order of one hour" Arter chemi.cal sepax-a~ 

tionS to be. describ~d below11 the Samples were counted with mica end Wf.nd()W coun­

ters, and the r.esultant decay curves .:resolved to determine amounts of different 
. . '. . ' ' . 

isotope·s present.. . No. special attanpt Wa.s. made to detemr.ine isotopes with half= 
,, '.'. . . .. . - . . 

lives less than about one hour .. 
. ' . j • ' -. : . • 

The .· Al moni.~or was coun,ted tinder D as nearly as 
. . . . ' 

possible, the same geometry in order 'to minimize effe~ts of. backscatteri:P,g,; etc. J 
. . . - ' ·' . 

that is..,. if. the samples. -:were plated on Pt discs.., the moni t;or. was mounted on such 

a disc 0 etco E:Xperlmentf;l showed variations in counting rates of as much as 100 

percent.o. depending on the backing and geometrY- of the sample., so the estimates 

(4) Ro L., ThOrnton an-d R~ Wo Sensemen D Physo Rev., 72.9 812 (1947) 

(5) H., w .. Hubbard/} Phys" Rev., '75 9 1470 (1949) 
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of craSis section are Clertainly no more accurate than to a factor of 2 0 For~ 

tunate1;y·"' the 1,4 Mew ~=spectl:"UUI1 of N:a24 is a reason:ble mean of those investi-

ga.ted.9 thou.g:h this isotope was chosen becru se of the oonYenient ·half,;,life and 

.. . 24-
The excitation curve for the reaction Al 27 ( d 9 ap )Na 

was also ·u.sed as a ohe1:'lk on the energy valueso It has a peak at approximately 

25 Mev 0 whi,~h "11'1-as the ene!r"gy at the last Cu foil~ The deuterons have passed 

I ~ . 
th::'c.u.gh 2.;8 g'/ :m;t' sm.d the energy straggling is so large that no detail is possible 

below th5.;9l., 

Experimentally the major problem was that of getting quantitative chemical 

separati.on of t;he elements near Cu from the 400 mg of Cu in the foils:> and using 

at maxim:.m1 about 3 mg of carrier~ More carrier would have af'fected ~=counting 

accuracy, The problem was met by speci& methods of separation and duplicate 

equipmer;:tl;fb>:>: proc.esses zuch as ether extraction, etco, so that work on 12 foils 

could be completed in a few hours o The details are given in the appendix., 

Zn,63 h: the well•oknown 38 mil1, 0 ~+ activity fo:r.med in this case by (d,~~2n) 

an.d (d
11
4n) reactions~ zn62

1J formed by (d 9 3n) and (d 8 5nL, decays 90 percent by 

K captureP 10 percent by ~+ emissioniJ and is mainly detected by its daughter" 

(';''" ("") 
the 10 min .. Cu"'~ o ·' The yields are shown on :F'lg., 1.. These activities have the 

advantage the,t there i.s no background doo to neutrons s.i.nce Zn can be formed 

only by the -addition of a charge 0 Each curve i.s presumably a composite of two 

double h:ur.1.ped ones due to the two reactions but the energy r·esolution is not 

sufficient to show this upo The Zn62 curve is displaced to higher energy as 

(6) 
The pe:i":J..o•::t\1£ ra.diationB., etc., of the radioactive isotopes e.re given in the 
table of Seaberg and Perlman 8 Rev .. Mod., Phys" ~D 585 (1948) 
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would be e:xpeQ:tedo The fall off at high energies b. not so rapi.Ol. e.:s might be 
• 

expected flft:>m simple ~ompound nucleus theory0 This ma.y be due to exchange col~ 

lisions between high energy incident protons and neutrons in the nucleus., 'l'he 

cross section at the maximum!) 0.,4 barns 9 is also of the expected order of magni~ 

tude 0 the geometrical cross section of a Gu nucleus being rVl. barn., 

Gu.
64 is the familiar 12.,8 hr., activity whose excitation curve by the reac­

tion (d0p) has been studied by Li vi~gston and Wright ( 
8

) end has a. maximum below 

10 Mev., Cle_a:rly this portion of the curve is not visible in Fig~ 2 where the 

yield of cu.64 is plotted., (Note the different ordinates for cu64 and Ct.a61 .,) 

The maximum at ~ 40 Mev is. presumably due to the reaot.ion ( d 11 dn) 0 ( d 9 p2n) ~ or 

(pDp:u)(n,l)2n) depending on whether one considers the reaction as due to the deu-

ter.on as a vlhole or to one of its constituents., One might expect the maximum. 
. ' . . 

of these reactions to be at about twice the threshold energy (of'., Heckrotte and 

Wolff( 2)) or about 20 Mev 6 

cu61 (Fig., 2) is the well=lmown 3.;4 m·., activity., It requires the expul-

sion of more neutrons and 9 consequently~ the maximum in its curve is a:t higher 

energy than thati for c't164 ., The shape suggests a combination of' sharpS!:' :reso= 

nance with slowly varying portionc · V~11.y this second portion should decrease above 

140 Mev is 0 ho~ev:e~l) not at all clear., None of the ~u~es ca~cule.ted by Heckrotte 

and Wolff show such a decreas.e 0 even for the ca.se of 0 9 a. much more transparent 

nucleuso The maximum cross section for the producti.on of Cu61 is al'so smaller 

thari that ror cu64 as would be expected from the additional competition at 

(8) 
Ro S., L:bringst'..on and B., T~ Wrlght 0 Phys., Rev., 58!) 656 (1940) 
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Ni 

'D,~ 1~ 1\ll iscAt~pE1S IDSaS'.Ired 1ii1Bre m65 
w.d Ni51o The circled points on Figo 3 were 

a.d.j<.;tst<SJ& ~t;<Oi fit a mnooth Ni05 curve,. When so adjusted~ the Ni5T points·f',it on 

a smooth c·u~'Y$o This ~eem.!:i good evidence that there "OOat$ che:mi<Jla.l less in these 

te;;."cn e~;;t:•:tgy ·liltH 1 b€'• high because the neutron averages· only half of ito In this 

.-·t~·o 

T:b,,:;; Ni ~-' ,;· :m-'.lr1'e is char.act:eristic of those 'With tilgh thre8iho1d me:rgi eso If 

one caltnlla.+.es the t:nre~hDld folt Ov.t63 ( d 0 2p6n)Ni 51 f'r.;:.m a. rs;rem_iempiricai mass for­

mule,D ( 9 ) one get~. 62 Me~o The agreement 'With the Q\U:Mfe can. b<s c;on:sidered satis-

pound. :rrucl·su;:, v a ~ ,jecd;;ioni6i oa1mc)t give Nt 5?, 

(9) 

It. is p:rtoba'bly si g;rd.1~ic<ar;..t that the decr.·ease of' the Ni 65; zn62i:9 a.n.d cu61 

Cfo Orear·
0 

Rcsenf'eld9 Schluter'.v wNucleal' Physi0s 9 Le~t<'lre~ by Eo Fe:rmi/' 
Po eo 
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The chElllical recoveries on Co were the least satisfactory of· all those 

. . • - ·. 58 { ) . 56 ( perfor.meda The act1vities recovered were those or Co 72 days 9 Co 12 

days) 0 , and Cc55 (18 hours)e In order to separate the first twou which have the 

same half=life9 the particles were counted in a rough 180° magnetic spectre~ 

grapho The Co56 'With a la5 Mev beta. spectrum could then be distingui.shed from 

the Oa41 M'ev spectrum of co58 e A pure ste.ndard of the latter a.ctivi ty was also 

prepared by bombarding Mn with low energy alphaso Since Co1 58 decays only 15 

percent by positron emission» there is a rather iarge correction to the observed 

·counting rate but the measurement in the magnetic speotrogr·aph made. certain that 

none of the x~rays were countedG 

The excitation 6urves are of the type which rise to a. fairly constant yield 

between 100 and 200 MeV., The surprising thing about these ciurves 9 however 9 is 

the large yield0 0.,2 barns in the case of co 58 ~ 0.,04 barns in the case of co56 

and Co55e The results of Good0 Peaslee 9 and Deutsch(lO) on the positron K cap-

ture branching should be aocurate 3 so that there is no reason to suspect an error 

. in. this measurement of the large cross section of Co58 e It is to be noted that 

the reactions yielding co 58 are ones which might be writt~n (d9 da.:n) and (dl)da3n). 

The unusually high cross section for those reactions in .which alpha particles 

can be emitted after the excitation of the bombarded nucleus is discussed below. 

Co57 (2'70 d.,) is undoubtedly formed also in these experimentse Since these 

activities were weak0 it was not possible to detect Co57 with certainty" How~ 

ever9 the yields of Co56 and Co58 may be somewhat too high8 

Fe 

The 7 8 8 hr., Fa52 
9 which is the parent of the- 21 m.,. Mn52E'-9 and the 49 d., 

(lO) Good
9 

Peaslee
9 

and Deutsoh
9 

Physe Rev0 69
9 

313 (1946) 
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Fe
59 

·mH3!'e the iron a.cthi ties investigated., The results are shown in Figo 4 0 

Corret•tic~ns similar t;o those mentioned for Ni were made on the circled. points 

··~ .,'; 'of the F~59 ·ouJMre with the resultant good tit to the Fe52 curve., 

The Fe59 yield extends apparently to zero energy 11 and while the energy 

def~~nition :i.a poor in thi~ region» the curve does indicate th!ilt the reaction 

p:rr)r.>eed~J e,t low energies., Using the semiempirical mass ·formuia
9 

one finds 

th.Sj; the r·eac:t:iLon. C·ii:.65(da2a)Fe59 is e:x:oenergetic by about 2 Mev., At low ener-

gl.es the spread in d.eute:ron beam energy is large compared to the a. barrier height. 

so one expects to fi.nd a yield at 0 energy., The threshold for cu63(d8 2pa:.)Fe59 

is 8 Mev 11 ar.:.d because of the barrier for the a:~particle II this react.ion will not 

become appreciable until higher energies., The rise in the cilrve l;leginning at 

rJ 50 Mev m.1Lght; be as:oo©iated irdth this or with reactions· such as eu63(n9 pa) 

In the latter.~> the threshold is 28 Mev higher 9 while in both1 

the necessary deuteron energy is increased because the neutron is considered 

as the particle involved and it averages only one-half the deuteron energy& 

Further work on these reactions using lovv energy deuterons is projected& 

T:b .. e Fe52 eihibi ts the lowest cross section and the highest threshold meas­

·ured in tr..is worko The calculated threshold for cu63(d.94:p9n)Fe52 is .. 102 Mevo 

The ene!-getic threshold seems deinitely below this (the energy definition in 

this region should be good) and would indicate that a reaction such as Cu 6Z(d,a2p7n) 

or cu63(n8 ap7n) was participating., Such reactions are patticulariy necessary 

if one postulates that only the neutron or proton give energy to the nucleus, 

though it is important to :remember that thirs' CJross section ill very small.o and 

occa:sionally a proton or neutron may impart a large fraction of the deuteron 

energy 'to a. nu~lEH18 0 (11) 

(11) . 
R., Serber!) P'.nys., Re·v., ?21) 1000 (1947) 
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Mn 

wm.56 (2 .. 56 hr .. ) and Mn.52 (6 0 5 d,.) were the two Wm isotopes investigated., 

The curves are shown in Figo 5 0 The 6,5 d, activity is the lower. of the two Mn52 

isomeric states., and is undoubtedly produced to some extent a!E: a decay product 

of Fe 52 th!"ough Ml!li.52m, The separat:i.ons of Fe and Mn were performea on all samples 

at the same time and wi fr;hin. a few hours of the end I()Jf the b0mbar·dm.ent.., and since 

shou.ld not be; much in eJrroJl" o Both M.!l curves show the !''ather steep rise beginning 

··at high energies char·a.cterlstic of' a X"eaction with high. threshold, The calculated 

threshold f'or p:r·otons and neutrons out (d9 5p8ln) f'o:r,: M:,:.i'.56 is 62 Mev0 'Which is 

slightly· above the ob:se!"ved9 indi.~atin.g that probably a v s are involved[) While 

·- . .. 52 - .. 63 
the calculated thresb.old for Mn from Cu is 99 Me·'?' 9 and the _obselt"Ved threshold 

is def'ini tely lowel'o In this case it seems certain tha.t a~ s x'a:ther· than indi-

·vidual protons end neutrons are emi ttedo 

Discus. s~.on 

The s~ts of yield curves presented above definitely show that at high 

energies of' the bombarding particle the typical cunre predicted ·by the compound 

nucleus theory at low energies is not foundo The curves are in agreement with 

what would be expected from the theory presented by Serber o Detailed calcula~ 

tions such as extensions of those of Horning and Ba.umhcff•(l?.) -might be worth 

While to ShOW '11\Thethell:' the agreement iS aS good !lfS COUld "be expected. .. 

More st~king is the alternation of the magnitude of cross sections with 

the Z of the product isotope supeZ""'.A.ntposed on a d~Jrea.sing tlfsndo Table I exem-

plifies this at; 1.90 Mev o Since one c:ar.!Ilot measur·e the yield of every isotope • 

the data. i~ onl;y- fra@llentary 9 but it does se~&m· "'chat thiS! yield of' Cu is largeP 
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TABLE I 

Z-+ Mn Fe Co Ni Cu 

t 
61 0.11 

60 

59 0.003 

58 0.200 

57 0.0005 

56 0.006 0.040 

55 0.040 

52 .012 0.00015 

MU 400 
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(.tf lJi small I> of Co iar·geD etc., A good example seems to be the cases of Fe 52 

and :Mm\52:.9 in whi~h the le:ttelf 'cross section is a factor of 100 higher 8.1 though 

energies onei might expect that any barzri~r effect would be negligible and 1;hat 

. the y:l.elds would be abcnit equa.1o . If we assume that the incident particle neutron, 

protl.",;.ul) or deu:te:ron8 does not sticjk but only 1eaves the struck nucleus excited. 

5'"' ·i~hen we notll.0e that Mil. ;;:: oan be fonned by the ejection· of .two alphas and three 

neut:.ron.s f'rom Cu.53 ~> 1.'Vhile Fe52 must he formed by ejection of particles less tightly 

'bound to ea~·h othe).!"4 . As mentioned a.bovea the thresholds seem to ind:i.c:ate that 

Jphas may be ani ttedD and t.b.is· :al tarnation in yield seems to be more evidence 

for the Be.:m:e thirJJ.go Such an al tarnation is evident in the results: o.fl·:Mil1'er, 

Th . . d' c • h (lS) "Lh c d. ~ th. h t t• 'bl .. f. · _om,pson 0 filll unn~ng oon · . w:J.:lj; . r.t an a..lSoa. ·.aug no so no. J.cea. y, ·o . 

Hopkit1.s and Curm:tngham ( 14 ) ~ rk:ing ·with As o 

This work wae: peri'ormed. v.nder the auspices of the Atcmi.o .Energy Commission. 

(13) 

(14) 

Miller 9 Thompson.D and Cunningham.!> Physo Revo 74 9 347 (1948) 
: ... 

Ho Ho Hopkins and B0 B., Cunninghama· Phys., Revo ~0 1406 (1948) 

. .-~ ' 
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Appendix 

The following chemical separations were mostly determined by convenience 

and the relative ~oi.ints .of the activities present. The Zn sep~ration had to 

be. good only for Cu ranoval~ since relative amounts of the other activities were 

smallo The Ni» Co• Mn, and Fe separations had to be good from all other activi-

ties. The Fe separation was the most rigorous of them all, having to be good to 

one part in io6 f'"roin all other elements. 

Zinc 

The separation of Zn from the elements near it was as follows: Cu target 

foils were dissolved in the minimulJ1 necessary 6N HN03 and 2 mg of Zn carrier 

added as the ni trat·e or sulfate.. One ml of concentrated H2so4 was, added and 

the HN03 renoved by evaporating to S03 fumes. The solution was then diluted 

to about 3 N H2so4 and 500 mg of 20 mesh Al added.. This was boiled until all 

the Cu was reduced. and for about 5 minutes after the solution appeared water 

white.. The solution was then cooled and filtered through a rapid filter paper, 

the Cu metal being ~ashed with 0 .. 1 N H2so4.. The pH was adjusted to about 2 or 

3 with NaOH and dilute H2so4 o The soiution was then saturated with H2S to pre­

cipitate ZnS, centrif~ged;, and the supernatant which contained Mn, Fe, do, and 

Ni decantedo The precd.p:i.te.te was washed with 0 .. 01 N HzS04 contai~i~g H2S and 

then dissolved. in 3 llil concentrated. HN03o This solution was th~ evaporated 

to dryness on a stainless • steel dish, flamed to destroy any excess sulfur and 

water of hydration, and was ready to be co'llnted .. 

Copper 

The Cu target foii was dissolved in a iD.inimum of dilute HN03.o made up to 

250 ml in a volumetric f'iask and. some convenient small fraction (OoS percent 

to 4 percent) transferred to an electrolytic cell.. Two drops of concentrated 

H
2
so

4 
and a small amount of dilute HN03 were added and the solution plated to 
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:~he sspalt"a.tioXL. of' Ni. from the elements in the region of' .copper was done as 

., , Hz~O,'?,n t't·.e e:?!:~~e&'s H;zOz then 'being boiled of'f o Abo.U,l!.t one=half to· on~ mg of Ni 
.'\.• 

1 ° "l..t"' "d """'1.. flril.l s 1.g;!1 ·LY a~1. · Wl tt.lt ~v' ., 

boiled C1ff''c, CuSC:N wars pr·ecipi.ta.ted f'rom the wa:nn solution with a.:. f~w crystals 

of: NH,4SC:&Tp and allowed. to settle for ten minutes., The solution .was .fil tared. 

and. the pY"e-o.i.i:rLta..te 1111-ashed with a. on® pellr::::entsolut:icm of NH4 SCN conta,ining a 

Ht·.tle NH:!I.:SO::;:o ·To complex the Fe,9 one ml of' 50'pel.tcen:t. ta:ratarlc acid :was added 

tc the fil tra.te wh.l.©h we:~ madt5 !3Hg:htly a.mm.oniaofl;l and blt"ought t.o near: boilingo 

. ' ' 

The Co 9 Zn0' a::1d (l11}. Wtal'e th'l~ :('wmple:x:ed in the mr4 oH and Ni. dimethyl glyoxime was 

pre?ipl-te.ted by a8.di.ng cm::0 to t1rro ml of 1. pelrcer.!..t d:i.methyl,=glyorlm.e .in ethanol o 
' . . ' '·.·· ' 

The precip:i.tate was f"ilte:i"ed e.nd waShed wit;h hot water,?. dissolved in dil~te HCl, 

e.nd repre.r.;ipi:bated twi<Ce .in o!'der to free :itt; f''lrortJ. occluded Zno . J!ina.lly :J the 

clean precipita·te was d.isoolved. in oonoerrtr·ated HN030 e·rnporated t.o · dr;Ylless .in 

a stainless ste€11 disht> flamed,? and was readY. to <eo:oo:llto 

Cobalt 

The sepa.ration of Go f'rom t.he elements near Cu presented mort;l difficulty 

than most of the other sepa.rationso The method. finally evolved ess.entially 

cally and then pla.tJ.ng the remaining Co onto platin\IJI!l. disos out of ammoniacal 
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The Cu target foil was dissolved in minimum amount of dilute HN039 1 mg 

each ~f- Co a Nia and Mil ca:rriers 9 2 drops of concentrated H2so4 were added9 and 

the solution diluted to 20 mlo The excess Cuwas :removed by elect:rodeposition 

on: a stainless steel strip cathode_set into the beaker using about 1 to 2 amp 

at 2 to 3 voltso When the solution was water white.., the electrodes were re­

moved.., l ml concentrated H2so4 added and the solution evaporated to so3 fumes 

to destroy HN03 presento Thi:m it was diluted to 35=50 ml and saturated with 

H2S to precipitate the remaining Cu. ·Most of the Zn occluded on these CuS pre­

cipitates., After repetition of the procedure D the fi 1 t:rate was. again boiled 

to expel H2s.., made slightly ammoniacal and 1~2 ml of 1 percent dimethyl-glyoxime 

in ethanol added.. The Ni and Fe precipitates were filtered off., the filtrate 
' ' ,• 

acidified with HN03 and evaporated to SO:; fumes to destroy the aicohol 3 a few . 

drops· of concentrated HCl added and again taken to so
3 

fumes to insure removal 

of No3 ., The soltition was transferred to an electrolysis cell ·fi tt.ed .with a Pt 
. . . . . . . . . 

disk cathodeJJ made strongly ammoniacal» and Co 'lii.etal depoid.t~d .as a f!moothD 

unii'orrn..l) a_aherent plate. on the cathode by· plating for from 1(2 to :J,. hour at 

about 1 to 2 ampereso . Mn02 ·was deposit.ed simultaneously· on th~ stirrez:- :anoden 
' ' ' 

Z:a does· not plate at, .these voltages,;· The electrolyte was then removed and re= 

placed 'by distillea'· water with the current still on in order to prevent the Co 
• • < 

plate'from dissolvingo The anode was quickly removed and the Co plate washed 

in alc9hoi and dried in air o 

Manganese 

It was. found than Mri could be separated as part of the process for Fe 

isolationo The foils were dissolved in a minimum of 6N HN03 and 1 mg Mn carrier 

added as the nitrateo The solution was then diluted to about 1 N HN039 Ool g 

of KBro3 added0 and boiled for ten minutes or until the Mn02 was well coagulated. 

There was probably some occlusion of Cu0 GoB and Zn on this precipita:teo The 
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precip:l..tate was filtered and washed with 6N HN03 until no Cu blue showed in 

the wash.~~ then redissolved through the filter paper with concentrated HCl and 

.· '2 mg ·Cu ·carrier· added., .The solution was made strongly ammoniacal and a few 

crystals of (NH4 ) 2s2o8 added6 Any :occluded Cull Co,; and Zn was complexed in the 

NH4 0H& The excess persulfate was boiled off and the Mn02 reprecipitated and 

centrifugedo. After washing with dilute NH40Hll the precipitate was deposited on 

a stainless steel dish and driedo This separation was perhaps the least trouble-
. . . .... 

some of all those done in that the time required was a minimum and the degree of 

purification and percentage recovery excellento 

Iron 

The following separation for Fe has the advantages of high puri~y (""-'106 ) 

and mnall amount of ca:ni:er necessaryo Since the Fe yield was. very S!llallj) the 

Fe half-lives·relatively long» and the Fe59 ~= softa .these advant~ges.tur~ed 
, . ' ' . 

out to be absolutely essential» even if recovery was not a~ complet~ as in some 

of the other fractions., 

Cu foils were dissolved in a minimum 6N EN03 and diluted t? 1 or 2' N. HN03o 

1 mg Fe and 1 mg Mn car·rier were added as nitrateso . The. Mn was. precipitated as 
. . 

Mn02 by addition of about. 0.,1 g KBr.03 and boiling for 10· mfnutes 9 filte~ed and 

washed.,. Fe(OH)3 was precipitated from the filtrate by, a~di tion of e~cess NH40H 

and centrifuged& The Cu0 Co 0 Ni0 Zn complexed in the supernat~t 1iq~ido The 

Fe(OH)
3 

was dissolved in Hta.~~ _,.,_, 3 mg of CuCl2 added 0 and the Fe precipitated 

twice more 9 this number of sweeps-being necessary to get rid of the tremendous 

excess of C:u e.ctivityo The final Fe(OH) 3 precipitate was dissolv,ed in three 

drops concentrated HC1 0 and transferr'ed to a separatory funnel with 6N HCl., An 

equal volume of diethyl ether presaturated with 6N HCl was added and the Fe ex­

tll"acted& Extraction was repeated on the aqueous layerD 1 mg Fe carrier added 

to this aqueous layeZ' and. extZ'acted againo All ether phases were collected with 
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water and the ether boiled off in a 'hot water bath, then Fe(OH) 3 precipitated 

from this solution., This was dissolved in several drops concentrated mro3, 

evaporated to dryness on a stainless steel dish 1 flamed, and was ready for 

counting; .. 

Information Division 
scb/6~21~50 




