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EXCITATION FUNCTIONS FOR SPALLATION REACTIONS ON Cu
F. G, Bartell, 4, C, Helmholz, S, D, Softky, and D, B, Stewart
Rediation Laboratory, Department of Physics,
University of Celifornia
Berkeley, California

 June 20, 1950

Abstract

.'Exéitatign fﬁnétions have beén megéured for 190 Mev deuterons frdﬁ the
184~inch Bérkeléy‘cyciotroﬁ on the natural isotopic mixture of Cub® snd cub®,
ChemicalISeparation of Zn; Cu, Nis.Ca, Fe; and Mn has beenlﬁerformed end the
yields of several of fhé fadioactive isotopes of these eleﬁents‘have beéﬁ'
measured as ajfunétidn of deﬁterén energy; Reéults will be discussed WEich
seem in accord with Serbérﬂs theory of high energy pr§ces$eé and with other

information on the yields of nuclear reactions at these energies,
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EXCITATIGN FUNCTIONS FOR SPAILATION REACTIONS ON Cu
F, 0, Bartell, Ao C° Helmholz, So D, Saftkyg and D, B, Stewart
Redizftion Laboratory, Depar*meau of Pky31c
~ University of Californis

Berkeley, California

June 20, 1950

Measuremamﬁg of the yislds of nuclear reactions as a function of the' energy
the bemberding particles have provided considerable information regarding the
mechanics of the nuclear processes invoived, At low energies the familiar type
of excitabion function is one which rises from the threshold to & meximum end
then falls off rapidly due to the competition from other processes,: Most of
these results are Satisfactorily explaiﬁed by the theoxy of the compound nucleus,
“formed by the addition of the hombarding particle, Early results with the very
high ensrgy pariticles from the 184~inch cyclotren showed a considerably .different
behavior in that the yield did not fall off at high ehergieso Serber(l) has ex-

plained these results.in terms of the inelastic scattering of the impinging par-

(O]

ticle leeving in turn an execited nucleus, This excited nucleus is now the com-
pound nucleus and decaysz by the usual processes, More detailed calculations have
been made for the case ef leu“}'(;_eé,px'l.)(ﬂl.‘1 by Heckrotte and Wﬁlffo(z)

This work was wndert ak&m—fur the purpcse of meking a thorough study of the

d*ffereﬂu radicactivities resulting from the deutercn bombardment of a .single

element, copper, Lindner and Perlmaméﬁ)'have discussed. the factors involved in

the spellation reactions from As, These factors will not be reviewed here, Ex-
v . . . - , - 3 . ° 7
citation functions heve been determined for Znsg;J Zn6§3 Ou649 Gu61 65 -Ni7,

s . .
(1) g, server, Pays, Rev, 72, 1114 (1947)
(2) w, Hesiwotte sod P, Wolff, Phye, Rev, 7%, 264 (1948)

(3) y, Lizdser end I, Perlmsu, Phys, Rev, 78, 499 (1950)
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0061_'? Co5-8 » Fe59 > Fos_%g Mpse; » 1n5? 5 for’zﬁe’d by 194 Mev deuterons on natural iso-
topic c_oppre"r,.v._Thervs'.ta»ok‘”ed_ foil techniQue described for the 184-inch cyclotron
by Thornton a.nd S'enéémeino (4) we.s us;edlo‘_v ‘The folls on whloh ’che chemical separa-=
tions were -pe_r'fg'm;a*weré ‘é'i‘éc'tfclytigs' copper o‘ooz in, thick, 1 in, diameter
discs, '.The's.e‘We_xfe"f_Sio.oeia in & 2 in, oqoare stack of 1/32 in," copoe‘r absorbers
80 aé to‘covvér the ezn.orgyfra.nges de‘siz:ed,i_ It was not pfaoti@éi. 'i:o. pérf;)m the
separs:blons on more than 12 f01ls so 10 wef‘e placed between '194‘ aﬁd C Mev ener=
gies of the deuterons 2 beyond the ra.nge to give an est:.mate of the neut:ron
'back’ground and of ‘ény effeot of@euterons scva‘l;tered into the side of,tho staok,‘
A -,’OO‘l‘._ in, Al foil’ 'of"tfhé same size as "b"hek Cu foils was plla.'ced' a..tflqe high energy
~i.edge of the stack and used as a monitor, The ,A.;.B.?"?(;:1,)a,p)1\159.24 aress section . 048
,barns(s) at 194 Vev was _use.d-i to estimate the cjirbss‘ secti:on_'s for the eiemonts.
" formed, " | |
. The sta_,o‘k"o"f f”oii's wz.as. bombardéd: in the internally, 'defléoté_d' beam ‘of the

184~inch oyclotfo'n__for‘ t_imes of the .ordo;‘ of one ilour,-, Aftevr ohémi.ool 'sepaz;?ew
tions to be descrlbed below ti’ie samp'ies were oountod with mieo. end Window coun-
: ters, a.nd the resulta.nt decay curves resolved to deter’m:.ne a.mounts of dlfferent
1sotope‘s present .No .'speclal- att’enpt Wag,ma'de to determine 1s_otopes "Wlth half=
_11ves less tha.n about one hour, . The AL inoni’oor ﬁas oouiﬂéed u’ndef 'as .r'xearly as
. poss:Lble, the same- geometry 1n order .to mnmlze effeots of baoksca‘bterlng, etc.,,
.tha‘b 1s, if the samples were plated on Pt dlSCS the mom.tor. was ‘mounted on such
a d;sc, et}c,' Expenments showed v*ama:t:lons in oountlﬁg ra{;es of as muoh.as ‘100

.pe.r’cent',,v depending o_n ‘l;he' be._ola‘ng and ,geometry of the sample,s, so ‘the estlmates

(4) R. L, Thornton end K, W, Sensemem, Phys, Rev, 72, 872 (194?)

(5) m, W, Hubbard Physo Revo 75, 1470 (1949)
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of cress section ere certainly no more accurate then to a factor of 2, Fore

a o ) S b s : ® - .
tunately, the 1,4 Mev B-spectrum of Na?® i35 o reasonsble mean of those investi-

gated, though this isotope was chosen because of the convenient half-life and
shsencs of oﬁﬁe: activitiez, The excitation curve for the reaction Aléz(doap)Na24
was aigo used &s a check on the energy values, It has a peak at approximately

25 Mew, which was The energy at the last Cu foil, The deuterons have passed
threugh 2% gfam% end the energy straggling is so large that no detail ié possible
below this, :

Experimentally the major problem was that of getbing quantitative chemical
separation of the elements near Cu from the 4C0 mg of Cu in the féiié;.ahd using
a8t maximum about 3 mg of carrier, More carrier would have affectedlﬁécouﬁting
acourasy, The problem was met by specisl metheds of separation snd duplicaete
equipment fbr processes such as sther extraction, ete,, so that work en 12 foils

could be completed in a few hours, The detsilsare given in the appendix,

783 is the well-known 38 min, 5# activity formed in this case by (d,Zn)
and (d,4n) reachions; 7082, formed by (4,3n) and {d,5n), decays 90 percent by
K capture, 10 percent by ﬁ* emission, and is mainiy_deﬁe&ted by its daughter,
- the 10 min, Guggo(T) The yields are shown on Fig, 1, These activities have the
edventage that there is no background duée to neutrons since Zn cen be formed
only by the %ddition of & charge, Each curve i= presumably a composite of two
doubtie humped cres due tc the two reachions but the energy resolﬁtion'is not

y '3 P ‘& o . 3
sufficient to show this up, The 7082 curve is displaced to higher energy as

(6) . ; o rten s s
6) The pericds, radiastions, etc, of the radiocactive isotopes sre given in the

table of Seaborg and Perlmsn, Rev, Mod, Phys, 20, 585 (1948)

(7) R, W, Haywardg Prys, Rev,, in press,
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would be expested, The fall off at high emergies is not so répid ss might be

ekpectéd»ffom simpls compound nucleus theory, This may be due to exchange cole
lisions between high energy incident protons and neutrons in the nucleus, The
cross section at the maximum, 0,4 barns, is also of the expected order of magni~

tude, the geometrical cross section of = Cu nucleus being ~1 barn,

64 51

Cu”" and Gue

Gu64 is the fam¢11ar 12,8 hr, act1v1ty whose excitation curve by the reac-

(8)

and has & maximum below

tlon (dgp) has been studled by L1v1ng8uon and W“lght

10 Mev, Ciearly this portlon of the gurve is not JlSlble in Fig, 2 where the
yleld of Cub% is plotbed, (Nobe the different ordinates for u®% and Cmﬁ‘“" e
The maxzmum.at ~u40 Mev is presumabLy due to the reaction (d, dn)a (dgpdn)a or .
(p,pﬁ)(nQZn) depvndxng on whether one von51ders the resction as due +a “the deum
teron as & wholé or to cue of its constituents° Qne mlgh% expe@t uhé ﬁax1mam
of these reactions to be at about tw1ce the threshold Pnergy (oi Heck otte and
Wo1££(2)) or sbout 20 Mev, - |

cubt (Fig, 2) is'the well-known 3;4 hr, activity, it requires‘the éxpul-
gion of more neuﬁrons‘andé.consequehtly, the maximum‘in its curve is et higher

64 The shape suggests a Gombxnatxon of qnarpew rego=

energy then that, for Cu®
nance w1th.slow1y varylng.portlon, Why this second portlon should decreaqe above
140 Mev is, howejerh_not et all clear° None'of the @urves caluulated by Heckrotte
and Wolff show such a-deéréaseg even for the case of c, ahmueh m§re'tranéparent
'nueleus; The.maiimum CIoss section for the productaon of uuel is.alSO %mailer

64

then that for Cu’" as would be expected from the addi tionsl competition af

"higher energies,

sy .. o L
(8) R, S, Livingston and B, T, Wright, Phys, Reév, 58, 656 (1940}
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=Be
i,
oy, o ve v . " - . . (',65 : 657 o ° . Py
The e NI isclopes measured were ML end M, The circled points on Fig, 3 were
d"?*"" Y fe""'ﬁ'v'"v o +} N°65 Wh 13 - the N seimte £
adiusted to it a smooth Ni“Y curve, en 80 ag ted, the Ni®' points fit on

8 smoocth curve, This seems good evidence that there weg chemicel lcss in these

- semples, Thke magaitude of the corrections wag aboubt 20 percent, N:% 15 formed
ST fFa o N, " Y a3 rer | :

by the &doap) or {n,p) reactions, and so is present ever beyond the rauge of the

‘deuterons dus Yo neubrons formed in the stack, The threshold for the reaction

]

is low (2,3 Mev), and since the straggling is much greater than 2 'Nev, a yield
should be obssrved down to 0 Mev, The rether brosd appasrent maximum 1n the
curve &% aboub 60 Mev probably ccours at o mmewhat lower enavgyo, This energy

wodeubtedly associsted with the nscessity of ejecting ome or two protons over

s
w0

the Coulemb barrier, If the stripping process in which the neutronm enters the

o

nuclsus ead the proton goes on, gives a large eontribution, the necessary deu-

o e -

tercn snergy will be high because the neutron averages cnly helf of it,  In this
connection, the yield of the (n,p) reaction as & funchion of neubron energy

would be vaiu&%i@ to lknow,

Fraed
Y

The Nﬁ“ surve iz cheracteristic of those with high threshold eue?gleso If

one ealmuiaﬁes the thresheld for ufd(d, 2penINi®7 from a B@mlﬁmplf;@ﬂl mass for-

mul&ocg) ons gets 62 Mev; The &greemenm with the curve can be @onsldered satls=

factory, As will be seen below, there is evidence that c-partisles are ejected
5 units, but dn this case, unless the deu erop. is nkﬂtuweﬂ to form & Zu Gom=

. . e ‘ . o 57
pound nuclsus, ¢ ejections cannot give Ng57,

. Py v S fre : 5 &2
It i@ probably sigeificant thet the decrease of the Ni~ VZﬂG o fnd cubl
cross sechions set in st sbout 60 Mev, when the Ni57 snd cthers listed below

start to rize,

(9)

Cf, Orear, Rcsenfeld, Schluter, "Nuclear Physics, Lestures by E, Fermi,”
pPo €o L - .
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The chemical recoveries on Co Were'the least satisfactory of ail those
performed, The aqtiyities recovered were those of Co°C (72 days), 6@56 (72
days), end C@Ssi(IS hours), In order to separate the first twu,_whieh Have the
‘seme helf-life, the particles.wére counted in & rough 180° megnetic spectro~
graph, The 0656_wi£h 2 1,56 Mev beta spectrum could then be &isﬁinguished from
the 0,47 Mev spectrum of ce%8, & pure stemdard of the latter activity was also
prepared by bombarding Mn with low energy alphas, Since 0o28 decays only 15
percent by positron emission, there is a rather large correction to the observed
- counting rate but the measurement in the maguetic spectrograph made,éertain that
none of the x-rays were counted,

The excitation curves are of the type which rise to a fairly constant yield
between 100 and 200 Mev,  Thesumpriéing thing sbout these curves, however, is

the large yi".eld,9 0,2 barns in the case of 0058; 0,04 barns in the case of Co®®

and Co®%, The results of Good, Peaslee, and Deutsch(lo) on the positron K cap-

ture branching should be sécurate, so that there is no reésoﬁ %o suspect an error

_inithis measure@enf of the large cross section of 0058, It is to be noted that

thé reactions yiéldiﬁg Co58 are ones which might be written (d;d&n) and (d,da3n),

The unusuelly high76rbés section for those rea&iions in which alphé partie1es

can be emitted éfﬁér the excitation of the bombérééd nucleus is diééussed below,
o9 (270 d,j is undoubtedly formed alsc in_these experiments, Since these

activities were week, it was not poSsiBle to detect Co®’ with ceftaintyo How-

ever, the.yieidé:of 6056 eand Goss_may'be somewhat too high,

}éi

‘The 7.8 hr, Fe®2, which is the parent of the 21 m, MuS%®, and the 49 d,

(10) Good, Peaslee, and Deutsch, Phys, Rev, 69, 313 (1946)
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" of the Fe
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Fooo were the iron activities investigated, The results are shown in Fig, 4,
Correcticne similar to those mentioned for Ni were made on the circled points
59 turve with the resultant good Pit to the Feb2 curve,

The Pe5? yield extends apparently to zero energy, end while the energy
definition is poor in thiz region, the curve does indicete that the reaction
procseds 8t low energieéo Using the semiempirical mass formuIegvone finds
that the feaetian C@SﬁngZa)Fess is exoenergetic by about 2 Mevo .A#'lew ener-
 gies the spread in deuteron beam energy is large eompared.to the a bafrier height,
sc one expects o find a yield at O energy, The threshold'for Cﬁ63<da2pajF659
is 8 Mev, end because of the barrier for the a-particle, this‘reeetioe will not
beceme appreciable until higher energies, The rise in the curve beginﬁing 2t
~ B0 Mev might be associated with this or with-reactionsfsueh as 0ﬂ§5(hppa)
or Gaeg(n”3pzn}° In the latter, the threshold is 28 Mev higher§‘whiie;in both,
the neeeesary deuteron energy is increased because the neutron is considered:
as the particle involved end it averages only one=hdlf the deuteron‘energy,
Further werk on these reactlons using low energy deuterons 1s progeeted

The Fe9“ exhibit s the lowest cross seetlon and the highest threshold mes.se~
ured in fhis “work, The calculaxed threshold for Cuss(d 4p9n)Fe52 is 102 Mevo
The eaergetle threShold seems deinitely below this (the energy deflnltlon in
this reglon et".l'm‘uld be good) and’ wauld lndlca.te that a reae‘blon such a.s Cus'?’(d,a2p7n)
or Guﬁs(nvqp?m) was partlelpatlngo vSueh reaetlons are partleularly necessary
if onebpostuiates that only the.neutron or proton give energy te'the 1'1‘u<31eus‘9
though it islimpoftant_te remember that thiS’@ross eeetion ig very small, and
octasionally & p?eto@ or neutron may impart a large fraction of the.deﬁteron

energy te a nua;eueo(ll)

R, Serber, Phys, Rev, 72, 1000 (1947)
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156 {2,56 ar .) and Mn 2 (6,5 d ) were the two Mn isotopes ;nvestlgated

The curves are shown in Eig°_5; The 6 § d, activity is the lower of the two Mnsz
isomeric states, énd is undoubtedly produced to some extent s a decay product

of Fed2 through;Mn52mo The separations of Fe and Mn were performed on all samples
at the seme time snd within & few hours of the end of the bombardment, and since
the excitetion curves are not radically different, the curve shown in Fig, 5
should not be much iﬁ error, Both Mn curves show the rather steep rise begirming
at high ecergies characteristic of a redétion with high threShoid, The celeulated
" threshold for protons and neutrons oub (d EpBn) for Mn®6 is GZ‘Mév? which is
slightly abeve theé observed, indicating that probably a's are invbl&ed9thile
the osloulated threshold for Mn® from CuSS is 99 Mev, and the cbserved threshold
is definitely lowsr, In this case it seems certain that a's rether then ihdi—

‘vidual protons and neutrons are emitted,

Discussion

The sets Of yield ourveé presented above definiﬁelj‘shOW‘that at'ﬁigh
energles of the bcmbardlng particle the typical curve predicted by the compound
nucleus theory at low energies is not found, Thr curves are in agreemsnt w1th
what would be expected from the theory presenued by Snrbero Detailed calcula-
tlons such as extensxons af 1"hose of Ho*nlng and Baumn@ff(l”) might be worth
while to show whether ﬁhe agreement ig as good as could be expected,

Moré.striking is the altermation of the msgnitude of cross ssctions with
the Z of the praauct lSOu@pe superlmposed on & decreasing trend, Table I exem~
plifies this a% 190 Mev, Since one cemnot messure the y:eld of every isotope,

the date is only fragmentery, but it does seem‘%hat the yield of Cu is large,

(12) W, Horning and L, Bawnhoff, Phys, Rev, 75, 370 (1349)
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TABLE

I

<+ >

Vo 4

Mn

Fe

Co

Ni

Cu

ol

0.1

60

59

0.003

58

0.200

57

0.0005

56

0.006

0.040

| s5

0.040

52

.0l2

0.00015

MU 400




. UCRL 757
=12= |

of Ni small, of CQ large, ete, A good example seems to be the cases of Fed?

and Mz®%, in-which the lstber cross section is & Pactor of 100 higher although
UEb requiresithelejésticn 5f ‘en- extra) p’r‘o’ténf rather than. .é. neutron,s . At .veiys. high
energies’ one’ iight expect thai' a.ny bar’mer offect would be negllglble and that
- the yields weuld be about equal, _‘vawe a.’s’Sume that the incid,ept ~parti_cle neutron,
proton, or deuteron, does not stick but only leaves the 's"truck‘nuc_:]'.e'u.s excited,
then we notine ”t';hai; 11252 can be formed by the‘ ‘ejection of two. éiéhas' and ‘three
neutrons from 0"59 while Fesg must be formed by egee‘hlon ef par‘ticles less tightly
“hound to esch obher, | As mentioned aboves the thresholds seem- to- 1ndlca.te that
alphasmay be anitbed, and this altematsion in yield seems vto be »qxor.‘e‘-'_evidence
for the seme thing, Such an alternation is evidenf in the reSultsii' of—“ﬂil’l‘"’éf,
Thompson, and Cunninghem 5) wz.*"h Cu and also,. 'thoug;h no'!: 8o not:.ceably, of

Hopkins and Curm.ngnam( M> Work;ng with Aso

This work was. periarmed under- the au3plces of the A‘t;mnm Energy Comm:n.ss:.on,

(13) M.e.l,i.eé Thomp@on and Cunnlngham_,, Phys., Rev, 74, 347 (1948)

(14) H, H, Hﬂpklﬂ,n and B, B, Cumninghsm, Phys, Rev, 73, 1406 (1948)
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Appendix

The »fo'llowing—chemicai separations were mostly detemined by eonvenience
~ and the relative amoun’ts of the activities present, The Zn separation had to
be. good only for Cu 'renbf‘ré.l, .Sine‘e reiative'a.ﬁiounts of the other activities were
small, The Ni, Co, Mn, snd Fe separations had to be good from sll other activi-
ties, The Fe separation was the most rigorous of them all, haviﬁg,-to be good to
ome pert in 10° from all other elements,

The separation of zﬁ frem the eleznenfs near it was as foiio’vvs: Cu target
foils were dissolved in the minimum neceésary 6N HNO; and 2.1'ng'vef Zn earrier
~added as the nitrate .or 'eﬁ'lfafe, One ml of concentrated HpS0y wa.s _ad&fed and .
the HNO; removed by 'ev?.poirat_ing to S0z fumes, The solution'waie_thep.diluteci
to about 3 N H,50, and 500 mg of 20 mesh Al added, This was boiled until all
the Cu was reduced," and for about 5 minu‘be'e after the solution eppe'are_d‘v.v_a.ter
white, The salutieﬁ wasthen ce'eled end filtered through e :i'api,d filter paper,
the Cu metal being washed with 0,1 N H2804, The éH.W'as. e&jﬁs‘l';ed Vts'abcut' 2 or
3 with NeOH and di’iﬁt'ézﬁsz;, The solution was then saturated mth st to pre-
cipitate ZnS§, centrlfuged and 'bhe supemata.nt which contalned Mn Fe, Co, and
Ni decanted, The prec:.p:.tate was washed Wrbh 0,01 N H2S04 conta:.m.ng st ‘end
then dissolved 1n 3 ml..cencen‘brated HNO,S, Thls solut:.on was then evaporated
to dryness on a stei'ﬁleefe:s'teei .-éifish,; fiezned to destroy any excess _sulfur and
water of hydratieri:',r end was ready to be cownted, |

Copper

The Cu target foil was dissolved in a minimm of dilute HNOg, ‘made up to
250 m1 in a volmn'efrie flask and some convenient small fraction (0.8 percent
to 4 percent) transferred to an electrolytic cell, Two drops of concentrated

H,80, and a small emount of dilute HNO, were added end the solution plated to
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exhaust J.of hy ‘a,b@u:t /2 %o, 11, hom*‘ pﬁla.sam,g aﬁ &T‘Ouu 20 milliemperes out of a
volume of 20 ml, Zm, Mu, Feé, Co, and I\h vum .v:ut plate u_nder these cenditions,
The pl&%ﬁ.«‘&as were quickly ren@veds waghed in a}lmhol » Gried in gir?.an.d were
feady to court, The Ca wags about 2 mg,/om® *M@ko ‘
Nmk@l |

The separstion of NMi from the elements in the regmn cf uapper wes - dcne as

H«

L @N HCl and a few d.mps @f‘ SQ per’cent'

ff:»}ﬂ emgz  The target foll was if ssolved

& 4-7

Hu.O r—vnew Hy0z them being bolled off, About enemhalf ‘to'on‘e mg of Ni
‘ cza.m-:i, ar was added as @hlor:’id@g the golub ion m.eui‘mhzed th - NH4OH 'bhen made
Vsllgh‘t.w acid md? HOY, NHQHSO‘ wag added i;c» reduce i‘“u“’”“” ‘b@ Gu‘? an,d excess S0p
boiled off, CuSCN was precipiteted from the Warm salution w;?.f-th_.a,; few‘."erys‘tals
of NH;SCN, and allowed ho sstble f’cr’ ten minutes, The sélution i.%'é.s‘. filtered.
and the preci'pf,ta:te washed ,with a one percent so‘l; tion of '_NH48QN éo';itagining a
11-&&;1@ NE&SG@O "To .éomplex the Fe, one ml -of“' 50”9%'@91}%}‘ ta.m‘sa,t.amlc 'a-éi-v‘ci was: édde’d
to ‘tii@ filtrate wrw@h weg mads - mughﬁly samonlaoa.u. ani brought to near b0111ng.
The Co, Zn, and G were thus o @mplexed in *the NHQOH and Nl dmetbvl glyox:,me was
I-lfvlf'?ffi}? teted by adding ons to two ml of 1 pemem;vd:ime't‘hf*lcglyomme .1-11 e.thanolo
The precipz}ita“?‘&e was filtered snd weshed with hot water ' d.,.,&:mlved in d.‘,xute HCl
ond z?evpfe@ipi%a'bed ’"'“Wi@ in ordér to fr@é it f‘rom :oc, Iuded Zno Flnallys the
clean precipitate was disgsolved in Gong entrated HN@gg w“aparated, to dryness in
é s"e:;ain‘.lesszf steel dish, 'fliamedvg and wag ready to @omt o
The separation 0*" Co from the elements near Cu presen‘bed more dlf;f:!.culty
than most of the m‘;her ;epavéh ons, The method f“lnax,ly evo]’.,ved essentlally
:consi stéd of renmving gl 1 conbaminant elements which Wou]ld pla’b’e ele@‘tbr >1y‘l;1-==

cal.u,y and Lhezz plat:;ng th@ wem&lung Co onto plahnﬁm d:..scs cau‘t of ammonlaca.l

P qeln
- gplution,
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The Cu target fodivﬁas dissolved in minimum smount of dilute HNO,, 1 mg
eaeh of~Cop §i, and ln carrierss 2 drops of concentrated H,50,4 Were added, and
the soiution dildted to 20 ml, The excess Cu was reamoved by eleetrodeposition
on & staiﬁlees‘steel strip cethode set ieto the beeker using about 1l to 2 amp
at 2 to ] volts When the solutlon was water white, the electrodes were re=
moved 1 mi coneentrated HZSO4 added and the solution evaporated to SO3 fumes
. %o destroy HNO3 _present° Then it was dlluted to 35n50 ml and saturated wlth
HsS to pfecipitate the remaiﬁing Cu, ~ Most of the Zn OGCIuded oﬁ these»CuS pre=
cipitateso' “'A"ftef reeetition of the pfogejdures the. filtxfate, was again boiled
to exﬁel»Hgé,tmade slightly smmoniacel and 1-2 ml of 1 pereent'diﬁethyluglyexime
in ethenol added, ;The Nivand Fe preeipitates were filtered off, the fdltrate
acidified?%ithoﬁﬁoz add evaporated to 50z fuﬁee to destroy the aieoﬂoi; a few
dropseof coneeetfatedeCIIadded and agaih teken totsd fUmee to~iﬁsure removal
ef NGse The solutlon wes transferred to an electrolys1s eell fltted with a Pt
disk cathode made strongly ammonlacal and Co metal depos1ted ae a smoeth
unliorms adherent plate on the cathode by platlng for from 1/? to 1 hour at
about 1 to 2 amperesa_ Mhoz wa.s dep081ted s;multaneously on the stlrrer .anode,
Zy does not plate at these voltageso‘ The eleetrolyte was then removed and re-
plaeed by dlstllled water with the current Stlll on ln order t6 prevent the Co
plate from dlssolv1ng° The anode was qulekly removed and the Co plate washed
in alcohol and drled in alr°

B | Manganese

'ittﬁaeffetdd thaﬁ7Mh eodld be'separated as part of'the pfecees for Fe
isolatiohgﬂ‘The fbile were disselted in & minimum of 6N HNO; end 1 mg Mn cerrier
added aeethe.nitfateoz The solution wes then diluted to about 1 N I-'I‘N('):,)‘9 0.1 g
of KBrOS addedg and boiled for ten minutes or until the MnOz was well coagulated,

There was probably some occlusion of Cu, Co, and Zn on this preeipitateo The
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precipitate was filtered and washed with 6N HNO; until no Cu blue showed in
the wash, then redissolved through the filter paper with concentrated HCl and
'2-mg Cu, lcarrizep;'added_,, The solution was made strongly azmnoziiaqal gnd a few
crystals of‘(NH4)28208 added; Any :occluded Cu, Co, and Zn was caﬁplexed in the
NH,O0H, The excess persulfate was boiled off and the MnOp reprecipitated and
centrifuged, After washing with dilute NH@OH,.the precipitaté_was deposited on
a stainless steel dish and dried, This geparation wa.s pg:hapé ﬁhe ieaSt trouble~
sdmé:ofvéli those done in that the time required was a minimuﬁvaqd thevdegree of
purifiscation and percentage recovery excellent, | | |

Iron

The following separétion for Fe has the advahtages of high puriﬁy (ﬁJ106)‘
end small amount of earrier'necesséryo Since the Fe yiéldeéglveéyiégaila the
Fe halfmlivesrreiatively lohgs end the Fe®? g~ soff,,ﬁheée,gdvantdgeélturﬁed
out to be absolutely'essential» even if-recovery was not agjcéﬁplétg,a§ in sonB
of the other fractions, | | | | .

 Cu foils were'dissoive& in a miﬁimum SN.Hnglana dilutéa?ﬁéii:6?}2;N‘HN03,
1 mg Fe and 1 mg Mn carrier were added as nltrateso The Mh was preclpltated as
| Mnog by addition of about 0.1 g KBrQr and b0111ng for 1¢ mlnntes, flltered and
washedév Fe(OH)3 ‘was preclpltated from the flltr&te by, addltlon of excess NH4OH
and‘centr;fgggdo The Cua‘cos Ni, Zn complexed in the supernatant llquld The
Fe(QE) was'dissblved in HCl /~'5 mg of CuClz added and the Fe preclpltated
twice more, thls number of sweeps being neoessary to get rid of the tremendous.
pxcess of Cu_agtivity, The final_FeQOH)3 precipitate was dissolyad,ln three
&rops concentrated HC1, and ﬁranéferrea to a separatory funnel with 6NjHC1, Ap
equal volume of diethyi ether presaturated with 6N HC1 was added énd'the Fe ex-

trected, Extraction was repeated on the aqueous layer, 1 mg Fe carrier added

to this aqueous layer and extracted agein, 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 HNO,,

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

counting,
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