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High Energy (&,p) Reactions -

Louis Maurice Slater
Department of Chemistry and Radiation Laboratory
University of California, Berkeley, California

ABSTRACT
Excitation functions for the‘(d,p)'reaetion on Uz38 and Th23?
| 232 have been run in the energy
range of ‘the deuterons of the Berke€ley 60-1nch cyclotron. Excita-
tion functions for the (d,p) reaction on U238 232 198 dllo,
Zr965 and’ Mn55~have also been run in the energy range of the."
deuterons»of‘the Berkeley 184-inch cyclotron. The experimentally

observed high-energy (d,p) excitation functions all. exhibit remark-

ably similar absolute cross-section.values.

Recent experimental and theoretical'work on total nuclear cross
sections for neutron capture together w1th the success of the shell
model of nuclear structure suggestr that a nucleon enterlng the
nucleus from the outside, to some extent will move like an indepen-
dent particle in a potential trough and interact relatively weakly.
with the other nucleons.

Calculations were made to determine availabie vacancies for
neutron capture to bound levels corresponding to those of a '"particle :
in a box," A sphericel potential well was assumed for the nucleus
with dimensions corresponding to those calculated for the various
nuclei studied. The number of available neutron vacancies was shown
to be similar for all of the nuclei studied,'thus lending support to
the proposed model, ’

-Additional support for the model was furnished by the experi-

mentally observed greater cross-section values for the formation of
111m

‘Pd lllg than for the formation of higher spin valued P4 in the

(a,p) reaction on Pa’i0, It was shown that previous work on the high
20 210
?(d:p)Bl

with the proposed model; in fact, lower cross~-section values for the

energy Bi (RaE) excitation function was not a variance

formation of RaE than for the isotopes studied here were to be exPected.
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High Energy (&;p) Reactions
Louis. Maurice Slater,
Department of Chemlstry and Radiation Laboratory

University of California, Berkeley, Callfornla

- Mafch, 1954

A. INTRODUCTION

THe Qppenheimer—Phillips or "sfripping” re‘actionl has”been known
© for some time. Included in this'general’type.of réaction'are the
b(d,p)_aqd (&,n) reactions. Related to thase are tﬂe inverse or
"pick-up" reactions such as (p,d) and' (n,d). Experimentally the (d,p)
reaction has been studied more than the (d,n) reaction. Spectra and
angular &iétribﬁtion'of protons'fesulting'fromfthe'(d;p)araaction have
beenystﬁdiad‘experimentally. Differentia% cross section as a functioa
of- angle has been treated theoretically for the "stripping" and

"pick- up processes by various 1nvest1gators -However, tofal or
1ntegrate& cross sectlons for the (d,p) reaction and especially for
" the (d n) reaction have been rather neglected experlmentally and
theoretlcally'by‘1nvest1gatorsi

Wha;e tofal cfoééjsectian values for the "stripping"” reaction

have been studied experimentally, the~energy;of,the deuferoﬁs*used,
‘usually #ariad‘from'zero to not more than ZO‘Mev.. The only
exceﬁtion‘to this is' the ﬁizog(d,p)Bizlo exc1tat10n functlon as stu-
died by Si—Chang Fung.2 He employed’deuterons ranging-in~énergy_from

2ou(d,p)BiZlO'exc:itation

ko to 190 Mev 1n ‘an exten51on of the Bi
functlon aS'studled by Kelly and Segfé3 for deuterons of energy ‘20 Mev
and lower. However, in actuality the total (&;p) excitation function

.'was,not megsured foffonly-RaE Was*dbéerved. Because of it's great

half-life, the other isomer of BiZlO was not observed.

-6-
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Because of“the availability .of thIn'f01ls .of “uranium and thorlum,

'exc1tat10n'functlonsTforxthe'reactions U238(d )U239

Th232(d;p)Th 33 were“run"for"deuteronS‘of'energy”up'to‘ZO'MEv by bom-~

"bardments on the Berkeley 60-inch‘cyclotrgp. Because.the yield of

Th?33 was-determined from ‘the activity of its daughter Pa®33, the sum
23z(d;p)Th233‘and Th233(d,n)Pa%33'excifation functions was

also’ easily obtained by not scavenging for initially formed-protactin-

ium. The Th232(d,n)Pé233 éxcitation'function“was obtained by difference.

232

The U23‘§(d,p)U23 and Th (&5p)Th233‘excitation‘functions were

extended by deuteron runs-made on uranium and thorium using the

:deuteronS'of'the Berkeley 184-~inch cyclotron which have a’ maximum

energy of 195 Mev. Comparison of the resulting (d,p) excitati?n
functions with that on B1209 showed that the‘latter was' considerably
lower in magnitude and fell off much mbre'shérply'with increasing
deuteron enefgy. It was suspecfed that perhaps the reason for this
discrepahcy was related to the fact that Bizlo was one neutron and
one proton beyond major closed shells.

Bevauseof-the lack"of“experimental'work“on"high“energy"(d;p)

'reactionsman&"in"the“hcpéwof“expiaining“the*discrepancy”noted'above

as well as obtaining'a"generai explanation of total "stripping"
reaction” cross section values, it was decided to study additional
high-energy (&;p) reactions. Study bf*high-energy'fd;ﬁ%*reactions is

generally easier than study of the corresponding low-energy reactions

because of~the- difficulty in obtainlng ‘pure “uniform foils of- about-
3'1'm11 in thicknessmnecessary“for"lOWHenergy“deuteron reactions. Foils

‘much greatéer.than 1 mil in thickness"cause too large a degradation of

deuteron energy in the region of 20 Mev or less. Also, the "stripping"
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reaction excitation functions in the high;energy'region are ‘quite
~ smooth compared to the region near the peak° This results in the
need for fewer experimental points to fix the excitation function
: 1n the hlgh=energy deuteron region,

The ch01ce of target materlals for study of high-energy (d,p)
reactions by chemreal separation is rather severely limited., .First
" the target material must-be aﬁéﬁldhie in the form of almetaliic foil
ot fairiy high melting peint.and very high purity. It is very 4iffi-
cult :b'prepare powder targets of sufficient durability, thinness,

and uniformity for use in fhese experiments, The isotope resulting

from the (d,p) reaction must have a reasonably long half-life to enable”

chemical separation from contaiinating activities.’' It is to be noted.-
that where high=energy deuterone'areAeﬁpleyed the (d,p) reaction can
only be studied on the heaviest isotope of a partiedlar~element if

' there are two or more isotopes in the target material, The highter
crossBsection vaiued (d,dxn) reactions on the heaviest isotope would
: result in the same products as (d,p). reactlons on lighter 1sotopes°
lTherefore all (d,p) reactions reported below have been- corrected

for 1sotoplc ‘abundance as given in the Table of Isotopesau The -
smaller the abundance of the heav1est 1sotope of ‘an element, the
harder it is to experlmentally observe the (d,p) reaction. -Unless
the 1sotope resultlng from the (d,p) reaction has a radioactive
daughter of reasonable half=1life, 1ts half=life should be unique
among the half-lives of- activities produced by (d,dxn) reactions

on the various ‘isotopes in the target element. (d,p) cross section
'values arelduite,small for high=energy deuterons, ahd activities with
comparable half-life meke very difficult or impossible the detection

of the product activity of the (d,p) reaction.

-
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Because'bf“the above considerations, successful study of high energy

(d,p) reéétion81weréjlimite¢ toithe £following cases:

. ‘ 232(d,p)Th 33

P! %%(a,p)pt 9
111g ;4 1iln

llO(d p)Pd

290 (a;p) 297

Mnss(d;P)Mn56

The only case studied near aAclosed shell is that of

1lg |, 11m 111

llO Pa- . The 65Pd is one neutron past the closed

(d p) P&’
sub—shell of 64 neutfons. However, in the model described in the
discussion, effects caused by closed shells would—be taken into

w ‘ ‘ account by the accompanying changes.iﬁ such general parameters as the

* nuclear radius and binding energy.

- B. EXPERIMENTAL PROCEDURES

1. Target preparation.--Uranium discs of 1 mil and 0.5 mil thick-

ness andothorium discs of 1 mil -thickness were cut. from sheet uranium
and thofium with a 1 inch diameter steel die. These were checked for
uniformity of thickness with a micrometer énd'discs varying ‘more than

+5 percent in thickness were rejected. Those remaining were accurately

<)

- weighed andﬂstackS'of‘theée foils served as targets for the deuterons
of the Berkeley 60-inch cycldtroﬁ. The foils were mounted at the end
of a Faraday cup with'a 3/hvinch opening. They were secured by a cap

with a 3/4 inch opening. 1In this arrangement and with the cyclotron
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ﬁort:uséd'the makimym enérg& of'thé'l/é inch collimated be;m of deuterons
striking”theMfirst{targetuwas 20.2 £ 0.2 Mev. 1In .the case of uraﬁium the
number of foils that could be worked up simultaneously was limited to six
because of the 23,5h minute half-life of U239,’ Therefofe, 5 mil discs of
‘uranium were placed in front of the target foils to degradé tﬁe deuteron
energy in studying vap}ous regions of the excitation funCtion;

Targetes for the deuterons of the Berkeley 184-iuch syndhrocyclubroﬁ
ﬁere usually made from 1 inch discs of 5-10 mil thickness. These were
also checked for uniformity of thickness and accurately weighed. Two
aluminum foils, 1 inch in diameter, of 0.5-1 ﬁil thickness, accurately
weighed; were giued at opposite edges tq the target discs, one on each
side. The reéuiting foil stack was cut in two. Oné to oﬁe and oné-half
mil thick'éluminum guard foils wére inserted between the target fgil and
‘thé two aluminum monitors. The whole assemb}y'ﬁas covered with another
‘guard t0il of aluminum. A standard "clothes-pin" type target holder was
used for mounting.

The manganese metal used was too brittle to cut into discs with a

die. It had been produced by electrodeposition and 6ne side was very

smooth_while the other.wés quite granular. Rectangular pieces were
formed by scbring‘the gmoqth surface with a diamond stylus and breaking.
Pieces were'choseﬁ with small and uniform granulations on the rough;
surface. Only one aluminum monitor foil was used because of. the
roughness of one surface. Guard foils were used between-the.monitor

. -and the target as well as around'the whole assembly. Because of the

brittleness of ‘the manganese, enﬁanced by 2 small amount of hydrogen

impurity, the target could not be cut after bombardment . . Hence, since -~

the whole of the manganese target was destined to be worked up, only o f
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an extensionmof“thE"outef aluminum ;guard foil was secured by the jaﬁs
of the, "clothes=pin" type target holder. This was to ensure that all
of the deuteronS”striking the manganese were of the same energy; that
is, the Jaws' of the targét holder would not cause any degradation of

thé energy of the deuterons striking the target.

2. Bombardment proecedures.--For deuteron bombardments using the

~

60-inch cyclotron theuse of an aluminum monitor was impractical. The
Alzz(dyap)Nazu excitétion function rises much too rapidly in the
vicinity of 20 Mev. The deuteron beam was:monitored by recording
current integrators. A '"beam profile'" was élso.taken by means of a
"Speedomax"'recofding“device. Both of these instruments were calibrated .
before and sometimeS'after runs by means&of an accurately known false
beam. The effect of secondary electrons from the target was negii-
gible because of the fringing of the magnetic field at the position
of the Faraday cup. Preliminary runs were always made with a strip
of'celiulose tape replacing the-target. These were don¢ to ensure that
the deuteron beam would strike the targét and not:the lip of the -
Faraday'dup as well as to ascertain whether the deuteron beam was of
sufficiently gregt intensity.

Bombardmenté'varied'fromm5—20‘minutes, depending upbn beam inténsity.
The total nﬁmber*of deuterons delivered was obtained from the éurrent » |
integrators. ThiS"waS"checked by integration under the current
préfile with a planimétef. Correction for variation of the beam
intensity during the bombardment"waS‘made by dividing the current

profile into one minute intervals and integrating each of these withA
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a plaﬁiééter. ‘The total current delivered in each interval was expo-
nentiaily reduced, using the appropriate half-life, to-the time 6f'the
end of thegbombardmént.. The sum of thé resulting ”decayed"'totél
currentS‘representéd“the“effective'total eurrent if delivered'in-
stantaneously at the time of the end of the bombardment.

The rate of-deuteron energy degradation with thickness of thorium - :-
or uranium target as a function of deuteron energy is given in
Figure 1. I am thankful to W. W. Crane for this graph. The rate of
deuteron :energy degradation is almost exactly the same for thorium
and uranium. Figure 2 shows the energy of the deuterons, as a
function of target thickness, as they are degraded from their initial
energy of 20.2 Mev- |

. The “energy of the deuterons striking the target in 184-inch
cyclotron runs is a function of the radius of the target in the tank.
Below 50 Mev, energy'definifion of the deuteron beam is quite poor.
For this reason runs were ‘made with deuterons of 50-190 Mev energy,
usual¥y at intervalsiof“SO Mev. The degradation of deuteron energy
caused by target thickness was quite small. |

The total number'of“deuterOQS'striking the target in the 184-inch
cyclotron runs was ascertained from the Na24 activity produced in the
aluminum monitors and: the:known cross sections for the Alg7('d,ap)Na21+
excitation“fgnbtion, as shown in Figuré 3, courtesy of E. B. King =
and the California Research and Development Corporation. The effect of
variation of beam intensity with time was avoided by bémbarding fpf
periods short compared to the half-life of the desired product isotope

as well as by tuning up the cyclotron before the target was bombarded.
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The beeam of:deutefOHS"iS'depressed from the middle of the tank for
‘energies below the maximum to about 100 Mev; below this it again rises
somewhat. Because of this, for maximum production of activity, the
target should be placed below the center of the target holder for

energies other than the 195 Mev maximum.

3. Target handling‘proce&ures.--ln the éOninch cyclbtron runs, -
the whole discs of uranium and thorium were dissolved and worked up.
However, withlthe exception of ménggnese, strips of térget a‘feﬁ
millimeters wide were cut off after bombardment by deuterons of the
184-inch cyclotron. The guard foils and monitors were removed and
the target strips weighed, dissolved, and worked up. Narrow strips
were éut'off'beéause'most‘of‘the»target activity is produced near the
edge and because it was desirable to have the area of the'monitors

counted as small as that of the final sample activity counted.

3

k. Counting prdcedures.—-All Geiger activity was counted on the
bottom of shelf two using chlorinefargon“filled Amperex tubes with a
windOW‘thickneséjof 3.5 milligrams of mica/cm?, The totéi air-window
thickness was‘5.8 mg/cmz. Alpha activity wes counfed QﬁAanvargon
fllléd'wﬁnﬁ§w165s proportiénal counter.i With the exception of thorium
bbmbardmenté, all Géiger activity was counted using the same Geiger-
‘Mﬁeller tube and scaler. Weightless samples of protactinium mounted
on platinum were counted on'sﬁelf two with a coﬁnter<calibrated to

233

within 10 percent for the beta particles of Pa . " This was done by

the California Research and Development Corporation by‘counting the
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U233 of a large sample of Pa233. The

alﬁha activity of the daughter
absolﬁfe geometry and counting efficiehcy of this counter on éhelf
. two were also obtained by meané of'a hn geometry counter. The ébsolpte
geométry and counting efficiency on shelf two of the counter‘usedvfor
the other beta activities. encountered were oﬁtained by comparison
with the sﬁandardized counter.. For all rums, except those on platinum
and palladiqm, where aluminum ﬁonitors were usedAit wés.éssﬁmed'that_
the same geometfy andrcounting efficiency applied both ﬁo the‘sample
activity and to the Nazu activity of the aluminum monitﬁrs. In the
cases of platinum and paliadium, where the final}samples consisted of
electrodeposits of gold and silyer,lrespectiQely, a correction of
4 percent was uséd because -of the 3/h inch diamefer of thé samples.
Other sémples were usually mounted on.platinum "hats" with the'samplé
.cdveriﬂg one square centimeter. This is about the same area as -
covered by the aluminum monitors§ the monitdrs being mounted én éaturaé
ted aluminum backscattering backing.

Air-window corfections for each beta activity encountefed (includ-
ing‘more than éne in é sample) were made as follows:

éorrection = 1/transmission = 25°8 mgA/cmz/lIIl/.2 s

Wheré Tl/2 is the halffthickness in mg aluminum/cm? for the particulgr

2k

beta activity. Fof the'l.390 Mev beta particle of Na~ ', this correction

amounts to 5.15 percent.

p)

Backscattering corrections are those of B. P. Burtt. The

saturated aluminum backscattering factor for beta particles ovaaZM is
1.276. The saturated platinum backscattering factor for beta particles

of'appfdximately 0.6 Mev maximum energy or greater is 1.78.
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Selfscattering corrections for sample thicknesS"were'obtaineq from
data‘gathered"hy‘w. E. Nervikiand P. C. Stevenson6 as shown in Figures L4
and 5 Whenever practical, sample thicknesses were made such that the
: selfscattering corrections were found in the flat section of the curves
An attempt was also made to fiatten and smooth out any unevenness in
the samples. Samples were @@ounad-to the platinum "hats" with ahnut
2 drops of' zapon soiution diluted approx1mately 4 to l. The mass of
the —zapon was negligible in con51der1ng selfscattering corrections.
Seifscattering-corrections ror monitor thickness are given by Figure»6,
courtesy of E; B. King<and4the California Research and Developnent
Corporation.

All correction factors, as well as necessary supplementary in-
formation such as sanple thicknesses, mot given“above are to be found
in section D, RESULITS. This is done to enable‘re-evaluation of the
experimental data in the light of ‘more accurate information, such as
on selfscattering,tas it becomes known.

C. CHEMICAL PROCEDURES

1. 238(d,p)U239 --The uranium target was dissolved in a small

amount of concentrated HNO3 About 20 ml of a solution lO M in NHh 3

(bduuidtea) und 0,1 M in HNO

'wam‘added along with a small amount o'

3

solid- NHMNO Approximately 30 ml of diethyl ether was added and the

3"
mixture was shaken in a 100 ml Kjeldahl flask. After separation of
the phases the flask was immersed in.a dry ice-acetone mixture until

the aqueOuS’phase was frozen. The ether phase was then washed with

three successive 10 ml portions of the 10 M.NHANO3, 0.1 M_HNbglsolution..
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Uranium was backextracted from the -ether by shaking with 15 ml of -
0.1 M HNO3 which was subsequently frozen ‘and the ether discarded.-
Uranium hydroxide was precipitated with concentrated NHuOH and centri-
fuged. The aqueous fraction was discardedband the uranium hydroxide
was dissolved with concentrated HCl. The uranium was further purified
by column techpiques,A‘Concentrated NH40H was added to the resulting
solufion and fhe precipit§£ed'uranium hydroxide was centrifuged and
then washed with %éter-ahd recentrifﬁged.> The preciﬁitate of 'uranium

hydroxide was made into a thick slurry and part of it was transferred

.to a pre-weighed platinum "hat" with a transfer'pipet. The slurry

was dried with the aid of a heat lamp and then the platinum "hat" was
strongly but carefullj ignited in the flame . of a Meeker burner to

transform the‘uranium hydroxide to U 08 and drive. off any NHuCl,

3
After cooling the platinum "hat" was weighed to determine the yvield

of uranium.

o232

2. (d,p)Th 33 ana Th232(d,n)Pa233,s=The thorium target was

dissolved in a small amount of concentrated HC1 to which had been added

a couple of drops of 1/5 M (NHA) SiF6° About 20-ml of concentrated -

232(d9p)Tu 33

HC1 was added. If only the Th cross section was to be
determined, initially formed protactinium was removed/by column
techniques. Pa23l tracer was then added to the thorium solution. The
Pa23l tracer had been freshly extracted to ensure against colloidal
protactinium, Three standard aliquots were taken and mounted on

. . . 232 233
platinum plates. If the combined yield of the Th (d,p)Th and

232 231

(d n)Pa 33 reactions was desired, Pa tracer was added to the

ot
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thorium solution a@d protactinium was not removed by column techniques.
- In both casesg‘after,decay of ‘the remaining’Th233, the thorium solution
was made B.M,in HC1l and extracted with two half-volumes of di-isopropyl:
ketone (DIPK) by shaking in a separatory fuﬁnel for a couple of
minutes.  The'combined DIPK fractions were washed with two half-volumes
of 8TM HC1l. Protactinium was extracted from the DIPK with two half-
volumes of O.;.MﬁHmQ%PQ. The combined 0,1 M HNO3 fractions were made
8 M in HCl and extracted four times with quarter-volumes of 0.4 M
thenoyltrifluoroacetone (TTA) in benzene. The combired benzene fractions
were reduced in volume—with fhe aid of a heat lamp until essentially
only TTA was left., A platinum plate was forﬁed inlthe shape 6f an
inverted cone and placed inside thé coil of a 300 watf induction heater.
The TTA was heated until liquefied and then trahsferred drop.by drop to
the center of the heated platinum plate with a transfer pipet. After
every’few drops.the temperature of fhe platinum plate was carefully
increased'uhfil all of'the'TTA had evaporated. After the last of the
TTA had been evaporated fhe'platinum plate was flattened info a disc
again while still hot and then ignited“in the flame of' a Meeker burner.
The yield of protactinium was determined by counting tﬁe alpha particles

of Pa23l in the weightless sample and comparing the activity of the

., : |
sample with the alpha activity of the three standard plates.
. v |

3. Ptl98(d,p)Ptl99.--The platinum target strip was cut into about

a dozen small pieces. These were added to a No. 1 porcelain crucible -
approximately one-third filled with molten zinc ahd'heated by a Meeker
burner. The mixture was stirred for a few minutes with a glass rod

to dissolve the platinum. The molten zinc was poured into a 600 ml
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beakervcontaining~about.l/2’inch of water. After cooling scmewhat,tthe:
crucible with the remaining zine stuck to it was added and.concentrated .
HC1.was .added cautiously until hydrogen was no longer evolved;' A finely
divided black alloy of zinc and platinum resulted, from which it was-.
easy to decant the supernatant liquid. The precipitate was washed
with distilled water and égain decanted, The élloy.WaS“quickly
dissolved with a small émount of aqua regia. The solution wdo'ﬁadc  .
8'§'in.HCl and gold carrier added.. The solution was extracted'threem
“'times:With equal volumes of ethyl acetate to  remowe all carrier and = .
initially formed gold. Twenty milligrams of carrier gold was added =~ -
at once to prevent loss of radioactive gold by exchange of gold ions
for sodium ions on the surface of the glass. All the remainingiPtl99
was allowed tq‘decay and the gold was extracted with ethyl acetate.
until no further gold passed into the éolvent aé_shown by its color.
The ethyl acetate fraction was washed'once“with a half-volume of

'B'MLHCl and was then poured.onto about 20 ml of 2 M HNO, in a beaket

3
Jaﬁd ﬁéé'héated.until all the ethyl aceﬁate had evaporated. The

} resﬁlﬁing solution was made basic with amménium hydroxide, heated, and
a few ml éf alconcentrated solution of aséorbic'ééid‘was,added. The
resulting gold precipitate was digested for a short While.in a water-. -
bath and cewtrifuged. The precipitate was washed with distilled water
and again centrifuged. The gold was dissolved in a small amount of
‘aqua regia and msde B-M”in HCl. The extraction and precipitation'
cycle déscribed ab6#e wasfrepeatéd. Thé'finél gold précipitaﬁe wasv.
dissolved in?thev;méliéét,possibié amount of agua regia.. About 10 ml

of a solution céhtaining'ZQBug.KCN per 100 ml distilled water was added.
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The ‘gold was.deposited electrolytically on a pre-weighed one-inch
diameter‘platinum plate cathode. Only an area 3/h-inch in diameter
WBS‘eXpOSed to the plating solution. »The'platinum plate was secured
at the bottom of.a small polystyrene tube immersed in water kept at
a temperéture of 550 C. A rotating aﬁod55 made out of a l/8‘inch
diameter 10 percent iridium-platinum rod, was employed. The plating
sélution was electrplyzed until colorless using a currént density of
0.024 amp/inz. The resulting gold-plated platinum disc was washéd
.first with distilled water, then ethyl alcohol, and finally diethyl
ether -and then dried in an oven at 110° ¢ for 10 minutes. The yield

of gold was determined by weighing.

1lm  .111g

4, 'Pdllo(d,p)Pd .--The palladium target strip was

diésolved in a few mi qf aqua regia and the solution was diluted tq
30'ml in a 40 ml centrifuge cone. In the first series of runs on the-
Berkeley'lthinch cyclotron the solﬁtion was allowed to stand until
all Pdlllg had decayed to Aglll. Twenty milligrams of silver -carrier’
was then added to scavenge for all silver present. The resulting'
AgCl precipitate wag centrifuged and discarded after beinglwashed and <
the wash.liquid added to the palladium solution. The scavenge was
repeated with 20 mg more of silver. Twenty milligrams of silver
carrier wés added at once and the palladium solution was allowed to-

11

stand until all Pdlllm had decayed to Agl It was important to add.
the carrier immediately after scavenging‘because silver ions like
those of gold, but to a much greater extent, exchange with the sodium

ioﬁs\on the surface of the glass container. In the second series of
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runs two silver scavenges were ma@é as 'soon as possiblg and then silver
carrier wasnadded. The palladium solution was allowed to stand until
“'essentially all of .the Pdlllg had &ecqyed; " The solution was then
centrifuged, the AgCl precipitate washed and retained. The wash
liquid was added to the palladium solution and‘siiver‘carrier'was
added and the solution allowed to stand until all the Pdlllm had
decayed. In bubth cases the final AgCl precipltate was centrifuged,
washed, and retained, »

The AgCl was dissolved with a few ml of concentrated NHhOH and
the solution diluted to 20 ml. Twenty milligrams of Fe(+III) carrier
was added and the resulting ferric hydroxide or hydrated iron dxide
was centrifuged and discarded. | ) |

Hydrogen sulfide was bubbled in and the fesulting Agzs centri-
fuged and washed. A few ml of concentrated. HNOQ was added and the
mixture was.heated to destroy‘the-AgBS. The resulting solution was
diluted to 20 ml in a 40 ml éentrifuge cone and 20 mg of Fe(+III)
carrier added. The ferric hydroxide precipitate was centrifuged and
diécardedQ A couple of ml'of concentrated HC1l was added and;the
resulting AgCl wos centrifuged and wasned. The AgCl was dissolved
in a few ml of concentrated NH) OH and diluted to 20 ml. The solution
was heated and a few ml of a concéntrated solution of aséorbic acid
was added. The resulting silver precipitate was digested for a short
while in a water bath, centrifuged; and washed. The metallic silver
was dissoived with a small amount of concentfated HNO3 and the solu-

. tion diluted to 20'ml. Twenty milligrams of Fe(+IIL) carrier was

added and the solution made basic with concentrated NHAOH° The .
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resulting ferric hydroxide was éentrifuged and discarded. .Hydrogen
. sulfide was again bubbled in and the above' procedure was.repeated to
the point of dissolving the'metallié silver in a small amount of

concentrated HNO., and diluting to 20 ml with distilled water. Silver

3
chloride was précipitated with a couple of ml of.concentrated HCl.
The precipitate was centrifuged and'washed. The AgCl was dissolved
in 8 ml of a solution containing 45 g KCN and 90 g KZCO3 per lite?..‘
The silver was electrodeposited on a platinum plate using the same -
arrangement as was used for gold deposition described above ekcept
that the anode was not rotated and the plating was done at room
temperatﬁre} Also, the total current strength used &as 0.01 émp, and
" the duration of the'piating process was somewhat over one hour. The
'resulting silver deposit was washed with distilled water, ethyl
alcoﬁol, and diethyl ether. The plate was dried for lOAminutes at
llOO C 'and weighed go determine the yield of silver. |

5. Zr96(d,p)Zr97.--The zirconium target strip was dissolved in

10 ml concentrated HC1 to which had been added several drops of
‘concentrated HFT The solution was chilléd in an ice bath and
saturated with HC1l gas. Two milliliters of d&istilled water was
added and the resulting solution was' saturated with oialic acid{
The solution was scavenged for initially formed niobium by stirring
. with 15 ml DIFK in a 40 ml centrifugé cone for a couple of minutes.
The resulting mixture was centrifuged and the DIPK phase removed
with a transfer pipet and discarded. ,it was necessary to sca#enge

for niobium as many as ten or twelve times in this manner. -However,
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no zirconium was loSt'by this method . Ten'miliigfams of niobium
carrier was added. ' It was in the form of Nb,Os dissolved'in '3 M NaOH.
The solution was allowed to stand for about 3 hours and then it was'
again saturated with HCY gas in an ice bath. Two«milliiiﬁers-df
‘water for every 10 ml of solution'was added'and the solution was
saturatéd with oxalic acid. 'Niobium was uxtracted.once with a
. double volume of bIPK. The DIPK phase was Washed'3 times with 5 mi )
of a solution saturated with oxalic acid and of the- same HC1
concentration as the zirconiqm‘splution. Niobium was backextracted
from the DIPK ﬁith fwo.lO ﬁl portions of 6.MHCl° These were
combined in a'lOO'ml Kjeldahl flask and 2 drops of phenolpthalein
indicator added. The flask was chilled in a dry ice-acetone mixture
.gnd concentrated NHuOH-addea,véry'cautiously and slowly until the
phenolpthalein éndpoint was reached. vThe solutidn was kept‘chil;ed
to prevent the resulting hydrated niobium oxide pfecipitate from
going info the colloidal state. The precipitate was cent