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Radioactivities Produced in the Platinum Group by 
Bombardment of U:rariium with 400 Mill ion 

Electron Volt Uelium Ions 

ABSTRACT 

The purpose of the investi~ation was to determine the yield of radioactivities 

of the platinum group metals (ruthenium, rhodium, palladium, osmium, iridium, 

and platinum) produced when natural uranium is bombarded with 400 Mev helium 

ions. The reason for interest in the yields of these metals is that the last 

three lie in a rep:ion where the plot of yield ..!!,· mass number may che.nge from 

a fission-yield curve to a spallation-yield curve. In addition, the .first 

three lie in a region wh5.ch should indicate whether the center of the curv~ hae 

a dip (as does the slow-neutron fission.;.yie1d curve), or a single maximum indi­

catinp: symmetrical fission (as in the ca.se of bismuth and thorium). 

A scheme of chemistry is presented for the radiochemical isolation of the 

platinum metals from the other fission products and from eech other. The 

radioisotopes produced are discussed, their decay and energy values presented 

in the text and in the form of plots, apd finally the yield data are presented 

in tabular and ~raphical form. The yield data indicate that the fission-yield 

curve does have a sinp:-1e maximum in the vicinity of mass 120, and that it 

apparently becomes continuous with a spallation-yield curve at a minimum of about 

. 140 
0.1% the yield of Be. , around mass 180. 

To be declassified for use as Thesis. 

Contract No. W-7405-eng-48. 
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Introduction 

The 184-inch cyclotron of the Radiation Labore. tory of the University of 

California at Berkeley produces helium ions at a maximum energy of 380 to 400 

mill~on electron volts, with a beam strength of about one microampere. With this 

ultra hi~h energy, a f-rea.t multiplicity of nuclear reactions occurs when a 

fissionable material such as urenium metal is intercepted by the c~rclotron beam. 

Previous work by O'Connor on uranium fission
1

, Goeckermann and Perlman on 

bismuth fission2 , and ·Newton on thorium fission 3, indicates it is probable that 

the whole spectrum of fission products found in the thermal-neutron fission of 

uranium will appear, al thoue;h very 1 ikely with differing yields. Besides the 

fission products there should be found a number of nuclei formed by "spallation,. , 

in which the impin~ing helium ion causes the chipping out of many nuclear 

particles, leaving a new nucleus which~a.y decay through an isobaric chain as 

do the majority of fission products. 

Further, it seems likely that the plot of yield versus isotopic mass number, 

l· starting at the heavy ·end with the target nucleus uranium, may show a continuous 

trend dOliVnWard through the decreasing masS numbers of the heavy elements until it 

becomes continuous with a fission-yield curve in the vicinity of mass 180 at a 
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minimum in the curve. At present it is impossible to determine from radio• 

chemica 1 analysis of the end product whether it was formed by spallation or by 

fission; ,i.e., one cannot state at what point the curve ceases to be a spallation-

yield curve and becomes a fission-yield burve' 

In order to determine whether this continuity in the yield curve does in 

fact exist it was of interest to examine the radioactivities produced in the 

elements omnium1 irid.itm1~ and platinuni by bombardment of uranium with full energy 

helium ions, and since the chemistry is similar, to repeat earlier e)Camin'ation of 
~ 

the other three platinum metals ruthenium, rhodium, and palladium. The first 
' '-.../ 

' three have known radioactivities with mass numbers ranging from 185 to 199, near 

the sunposed minimum point where presumably spallation~yield and fission-yield 

curves may be found to join. 

These experiments were carried out under the direction of Professor Glenn T. 

Seaborr. Grateful acknm,..ledg:ment ·is made• to Dr. N. E. Ballou, who participated in 

·and lent direction to the development of much of the sc{leme of- chemistry. Dr. A. 

S. Newton likewise has been most helpful with guidance for many of the experi­

ments. I wish to thank Mr. James T. Vale and Dr. Duene C. Sewell and the cycle-

tron crew for their cheerful cooperation in conducting the bombardments. 

This research ws,s supported by the Atomic Energy Commission under contract 

No, W~7405-Eng-48, with the Radiation Laboratory, University of California. 
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Radiochemistry of the Platinum Elements 

The chemistry of the «ix platinum elements 44Ru, 45Rh, 46Pd, and 760s, 77 Ir, 

,
78

Pt is notoriously complex. Their separacion, purification, and quantitative 

determination is a ela.ssical problem of lon~ standing. The electron confiruration 

of the first three partially fills the 4d orbit, with the possibility of adding 

10, 9, and 8 electrons respectively for ruthenium, rhodium, and palladium in order 

to f'ill out the 5s and 5p orbits and form the stable noble-gas confir.uration of 

54
xe. Similarly, osmium, iridium~ and platinum pe.rtially fill the 5d orbit, and 

can add 10, 9, and 8 electrons respectively, filling the 6s and 6p orbits to 

attain the noble l!as structure of 
86

Rn. Because of this electron structure, all 

six elements enter into a vast number of coordination complexes, with almost any 

radical or element, che.r~ted or neutral, which can furnish an unpaired electron. 

Their chemistry i'S thus characterized first by extensive complex formation in 

which all six behave very similarly and are therefore difficult to separate; and 

secondly by difficulty in ~ettinr. the elements into solution, and once they are 

in solution, further difficulty 1.n gettinp.: them quantitatively .out of solution. 

A number of satisfactory schemes are presented in the literature for quan-

. 4 
titative and qua1i te.tive determ5na·tion of these e.lements • However, these 

schemes are generally inapplicable, without extensive modifica+.ion. to fission 

' product procedures. In the first place, the classic methods aim at separatin~ the 

platinum metals from ores or naturally occurrinr• sources, where contaminating 

substances are relativel~r few, and are fairly well known as to type. Secondly, 

these schemes aim at quantitative determination of the platinum elements, entail-

ing precise, time consuminr, cumbersome, and involved chemical procedures. 
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The fission product procedure for these elements has a different aim. 

Although 100% recovery of the six elements soup,:ht is not required provided their 

chemical yield can be ascertained, decontamination factors from other radioactive 

elements must often be as large as 106 and somet'imes larger, since activities in 

osmium, iridium, and plat inurn are very low compared to activities of contaminants • 

In addition, separation must be made not from a feilr krtown elements occurring with 

these metals in natural ores, but from the majority of the elements in the 

periodic table. Finally, the separations performed must be relatively speoifi<! 

and rapid, in order to permit obse~vation of the shortet~iived periods. 

With the foregoing requirements in mind, the literature was surveyed for 

reactions which mirht be combined to achieve the separations desired. Fission-

product procedures _for ruthenium and palladium are extant. That developed for 

rhodium was insufficient, in that no sepe_ration from iridium had been provided 

_for. No fission~product procedures existed for osmium, iridium, and platinum, 

althou~h the standard qualitative method of distilling osmium tetroxidereemed 

adaptable to the requirements. Thus the separation of iridium, rhodium, and . 
platinum comprised the ch:i.e.f problems. 

It seemed likely that the pyridine separation for rhodium developed by 
' 5 

Ballou might be adaptable also to iridium, since the two metals behave almost 

identically in their chemical reactions. 
. 6 

~~rther reference to the old literature 

established the existence of a number of pyridine complexes of iridium. After 

many weeks of trial and' error, the proper conditions were discovered for 

simultaneous formation of pyridine complexes of rhodium and iridium, and for 

their extraction into excess pyridine. The method was finally tested using ac'tive 

iridium as a tracer, to prove the results. The method is particularly elegant 

since it separates in one· step from the bulk of uranium in the .solution, and from 

all of the non-platinum ~roup fission products except silver. Subsequent 
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separation of rhodium from iridium was achieved by a~apting the method of 

Gilchrist and Viichers 7 , precipitating rhodium metal from the boilinp: sulfate 

solution by addition of ti tanous chloride, leavinr the iridium in solution. 

8 .. 
Based on the use of ethyl acetate to extract platinum , a number of experi-

ments were performed to determine optimum conditions for platinum ext~ction. 

Clean extraction of platinum reduced by stannous chloride was attained above 

four normal acid concentration. Butyl acetate was found preferable to ethyl 

acetate because of lower water solubility. 
/ 

The target for each bombardment consisted of a small strip of uranium metal, 

of natural isotopic composition, 0•04 inches thick e.nd about tv.ro inches long. 

It was mounted on a copper holder, which was inserted on 8. probe into the vacuum 

chamber of the cyclotron such that the b'3am struck the leadinr edr:e of the ta r!!et 

perpendicular to the metal strip. After bombardment nnd removal of the target 

from the copper. backing plate, the unbombarded portions were cut off in order not 

to encumber the chemistry with too.much ina:::tive material. It was found desirable 

to clean.the terget in nitric acid and keep it in an evacuated dessic~tor until 

just prior to bombardment, to prevent formation of the difficultly-soluble oxides 

of uranium. 

After each bombardment the tarr,et was allowc;d to "cool" befo.re it was 

treated chemically, for from four to eight hours, to permit the very short-lived 

initial fission products to decay into more stable forms. 

FollowinE; is a more detailed resume' of the scheme of chemistry finally 

arrived at • 

1. Osmium. The central portion of the target is cut out and boiled with 

concentrated Hcl to dissolve it and to expel germanium. Iodide and iodate are 

added to expel iodine. Carriers, in known amo.unt, of the six platinum elements, 

and of gold are added. A 20% aliquot is withdrawn for later determination of 
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barium, ruthenium, and rhodium. 

The solution is placed in a special all-glass distillin~ flask having a 

thistle tube entry and an air entry. Concentrated HNo
3 

is added throu~h the 

thistle tube, and Os0
4 

is distilled into 6 N NaOH in an ice bath. Subsequent 

purification involves precipitation of the sulfides of osmium, followed by 

redistillation of the sulfides from perchloric acid containing a little H
3
Po4 

to hold back molybdenum. The 6 N NaOH receivin~ solution is cooled in ice, and 

carefully neutralized with hCl to sl i,:rht excess of acid. Powdered magnesium is 

added, and after the osmium has been reduced to lower valence stHte, the solution 

is boiled for 10-15 minutes, with addition of ma~nesium and dilute HCl as neededj 

until the metallic osmium is completely precioitated. The precipitate is weighed 

to determine chemical yield~ The osmium activity H suff:icientiy low that the 

entire sample can be mounted without exceeding normal counting rates. 

2. PlAtinum. The residue from the first distillation of osmium is placed in· 

a beaker, 10 inl of 70% HClO 
4 

added and the solution boiled to fumes of HClO 
4 

to 

expel ruthenium. The solution is diluted, ruthenium carrier, r- and ro
3

- added, 

and the fumin~ repeated. One ml of dilute HCl is added, the solution is diluted 

to 4 _!! and extracted twice with butyl acetate to decontaminete from mercury and 

from gold9 ,:the latter being prese·nt by independent formation and as the 3.3 day 

daughter of 31 minute Pt199 • The solution is then diluted to approximately 0.5 _!! 
+ 

in H , dimethylp:lyoxime added and the palladium precipitate filtered off. Suf-

fioient concentrated HCl is added to the supernatant to make normality about five. 

SnC12 is added dropwise until the cherry-red of Pt++ is apparent. Platinum is 

extracted with three portions of butyl acetate. 

The butyl acetate extract of platinum is subsequently purified by two cycles 

of alternately washinp: the platinum out of the dimethyl~lyoxime with 6 £ NaOH, 

acidifyin{!', and re-extracting into butyl acetate. Platinum is precipitated as 
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the sulfide from alkaline solution grndually acidified to 6 N. The sulfide pre-

cipitatc is dissolved in aqua re~ia, mad~ alkaline, and br:o w(OH)3 scavenging 

precinit~tions made. TV1o scaven~~nf precipitations are made from buffered ace-

tate solution with 8-hydroxy quinoline, which serves to remove molybdenum and 

palladium plus 36 other elements. Platinum is finally isolated as the metal by 

precipitation from·acid solution with powdered mn~nesium. The precipitate is 

weir.hed to determine chemicei yield~ As with osmium, activity is sufficiently 

low to permit mountin~ the entire sample. 

3. Palladium. The dimethyl~?.:l;'{oxime precipitate from the platinum procedure 

is dissolved in mm
3 

and palladium re-prucipitated with dimethylglyoxime. Subs·e­

quent purification involves several hydroxide scavenrrinr-s with lHnthanum e.nd zir-, 

conium carrier, and several precipitations of silver as AsCl, followin~ essential~ 

, 10 F the standard fission pro duct procedure , ina.lly the solution is diluted to 

known volume, transferred to a plastic Lusteroid container (to prevent adsorp-

tion of silver dau["hter activity on {!.lass walls) and wrapped in Pare. film to 

prPvent evaporation. The solution is allowed to stemd for 12 ~t;o 16 hours until 

the 3.2 hour· Ag 112 daughter of 21 hour Pd112 has to equilibrium. There-grown 

after at intervals of about a day known aliquots are "milked" of the Ag112 

dau?:hter in order to determine decay of Pdll2 • 

4. Iridium. The aqueous l£'.yer from the platinum extraction must next be 

fumed with HC10
4 

to prep&re for the pyridine extraction of rhodium and iridium. 
I 

Since the s elution contains orgRnic material (dimethylf!lyoxime and butyl acete. te), 

care must be taken to avoid an explosj.on. Followinf! the method of Noyes and 

B~ay11 for destroyin(! orf!e.nic material with HCl0
4

, HN0
3 

is ad1ed to the solution, 

it is evaporated on a steam bath for one-half hour, then heated e;ently to fumes of 
) 

An additional 10 ml of HC10
4 

is added, and the solution is fumed strongly 
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for several minutes to destroy the chloride complex of rhodium and iridiumi 

. The solution is cooled, diluted ~o 4 .!£, and 20 ml of pyridine added. The solu-

tion is then boiled forfive minutes, ple.ced in a separntory funnel, and 19,!! 

NaOH added to separate the free-base pyridine layer (the hi~h conc~ntration of 

NaOH is merely to keep the volume low). The de,rk blue pyridine layer is washed 

three times with dilute HCl, the layers being separated each time with 6! NaQH. 

To the pyridine layer is added a few drops of 6 ! NaOH, nnd the pyridine evaporated 

off. H
2

S is passed into the boilinP.; alkaline solution for several minutes, wh~le 

the solution is acidified dropwise with HCl. The precipitated sulfides of iridium 

and rhodium are dissolved in a little aqua regia, and fumed strongly with con-

centrated H2so4 to convert completely to the sulfate complex. The solution is 

diluted with water twenty to one, then boiled, and rhodium mete.l precipitated by 

adding TiC1 3 dropwise until very slight excess is present. The supernatant 

(containing iridium) is diluted to o.s ! in H+ I cooled in ice .. and titanium is 

precipitated with _cupferron and filtered off. P(d.Jadium and 'platinum carriers are 

added, and palladium is precipitated with dimethyl~lyoxime and filtered off. 

The supernatant solution is then heated to boiling and neutml.ized to the brom 

cresol purple end-point with NaHC0 3 solution, and bromate added to oxidize the 

iridium up to plus four. Hydrated Ir02 is precipitated leaving platinum ~n solu-

tion. The precipitate is dissolved in a little concentrated HCl, and rhodium 

carrier is added. The 

with TiC1
3 

is repeated 

solution ~is fumed with H2so
4

, and the rhodium precipitation 

(although the TiC1 3 precipitation of rhodium leaves only 

about 0.1% of the rhodium in solution; nevertheless, rhodium activity may be 104 

times as high as that of iridium; hence a single separe.tion may still leave 

several times as much rhodium activity in solution as iridium activity). Finally, 

metallic iridium·is precipitated from the HCl sqlution of the Iro
2 

by addition of 

powdered magnesium, The iridium is weif"hed to determine chemical yield, and 

.. 
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mounted. As with osmium and pla tinuhi, the entire sample may be mounted without---

exceeding optimum couhting ra~e~ 

5. Rut,hen.i ~m, Rhod iumi,. ~s·H Urn. These three eiaments arc det~rmined from 

the 20% aliquot of the sample, which was taken from the ori~ihel solution prior 

to the osmium distillation. 
105 The- only rhodium formed is 36.5 hour Rh , daughter 

of 4.5 hour Ru105 • •hus we have two chdices in determining the yield of the 105 

chain: we may either isolate ruthenium early in order to observ~ the decay of the 

4.5 hour period and ip;nore the rhodium; or we may allow the ~ntnple to 11coold 

105 105 j until all the 4.5 hour Ru has decayed into Rh , ana determine yield by iso-

. 
latin~ the Rh105 • In practice, both methods were used, with agreement between 

results, and with no indication of independent formation of Rh105 • Ruthenium must 

be isolated in any case, in order to observe 42 day Ru103 and 1.0 year Ru106• 

6. Barium. Barium is determined as a reference for the yield of other 

elements. 
. 12 

The procedure followed is the standerd method of BaC1
2

• H
2

0 precipi-

tation from concentrated HCl-ethcr reagent. In orde~ to ~et a sample of convenient 

counting rate, o. small aliquot ('"lOi~) of the oririnal solution is evaporated and 

counted to determine level of activity. Since barium activity is found to comprise 

about 10-15% of total, an aliquot of proper size can be taken to give n barium 

sample of initial counting rate about 3000 counts per minute. 

7 •. Ruthenium. ·ro th<~ balance of the 20% aliquot, left after removal of 

the barium sample I is added HN~3' ruthenium carrier I I- and I03-. The solution is 

boiled to ex11el osmium and iodine, The solution is placed in a special all-glass 

distilling flask 'like that used for the osmium distillation, distilled lllld 

12 puriffed accordin~ to standard procedure • The final solution is diluted to 

known volume, and lOOfl. evaporated end counted to determine level of nctivi ty. · 

An aliquot of proper size to yield an initial count ;of "-5000 c/m is then evapo-

rated and mounted. The bulk of the solution is then treated with magnesium to 
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precipitate ruthenium metal whibh is weighed for chernical yield, and mounted 

for later use in ~.making absorption curves~ 

8. hl)odium. If ruthenii!..tm has been isolated sufficiently soon after bombard-

ment to obs:rve the 4.5 hour period, rhodium may be ignored, unless it is desired 

to have a check on the ruthenium yield. lf the 4.5 hour Ru105 is not observed, 

then the yield of the 105 chain is determined :from rhodium. Rhodium is isolated 

from the residue from the ruthenium distillation by a similar but abbreviated 

method to thrtt used with the bulk of the sample in the iridium procedure. The 

residue from the ruthenium distillation J.s fumed stronp-ly with the HC10
4

, diluted 

and extracted with pyridine. The sulfides are precipitc;ted, and dissolved in 

aqua regia. Gold, platinum, and palladium carriers arc added. Gold is extre.cted 

.with butyl acetate. J:'alladium is prccipite.ted with dimethylrlyoxime and filtered 

off. The solution is fumed with H2so
4

, diluted, neutralized to the brom cresol 

purple end point, and Br03- added to precipitate the hydrated oxides of rhodium 

and iridium; leavinr. platinum in solution. The oxides are dissolved in con-

oentrated HCl and diluted to known volume. A small aliquot ("'-'lOOiL) is 

withdrawn, evaporated nnd counted to determine level of activity. The activity :B 

1 -3 almost a 1 due to rhodium, activity of iridium being about 10 that of rhodium. 

An aliquot of proper size to p.i ve ·''-' 5000 c/m is withdrawn and a known amount of , 

rhodium carrier added to it. It is fumed with H
2
so

4
, diluted twenty to one, and 

metallic rhodium precipitated from the boiling solution .with TiC1
3

• Subsequently 

the bulk of the rhodium can be precipitated in the sane manner to determine over-

all chemical yield. 



~-

Chapter II 

UCRL-123 
Page 14 

RAdioactivities Found in the Platinum Metals 

The platinum 1_1;roup activities which should be produced in fission are shown 

in Fir. L As indicated, all are neutron-heavy negative beta-p!'.r.ticle emitters. 

No "light" K.capturin_£l: isotopes were expected or found, following is a prescn-

tation of the technique Hnd equipment employed, and a discussion of each isotope 

observed. 

1. General. All samples were counted on standard Geiger .. Muller counters 

havin~ a sealin~ circuit of 64• usin~ a tube filled to ten centimeters total pres-

sure with argon and containing 5% ~thanol as a quenohin~ agent. The counter 

windows are thin mica sheets with absorption of about three mg lcm
2

, :!.'he :tubes 

are mounted on a standard five-shelf frame. Coincidence corre~tion for these 

tubes averaP"es 1. 2% per thousand counts per minute. 

To eliminate geometry corrections and allow direct comparison of results, all , 

samples were counted o~ the third shelf (gebmetry about 4,7%), To eliminate back-

scattering corrections, all samples were mounted identically on one-inch watch 

glasses resting in a 7/8 inch hole. in a standard 2 l/2 11 x 3 l/2 11 card, covered 

with a 2. 8 mr/cm
2 

cellophane sheet whose edges were held down by s catch tape, Total 

absorption of cellophane, air, and counter wind~w averaged 10.3 mg/cm2 • No 

correction was made for self·s~a ttering or self·absorpt i0n • 

Absorption curves were taken where activity permitted, both to determine ener~y 

of radiation and to permit correction to zero absorber. Vfuen activity was too 

low to permit accurate absorption curves to be taken, curves published in the 

··literature were used if available13 • As a last recourse, curves were constructe(\ 

usinp- a Feather analyzer by comparisol'l to the ~E curve, based on published energy 

values for the radiation14 , in order to arrive at an approximate factor with which 
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·Wherever possible in makinv absorption curves, two or three samples were 

-
prepared, the second and third havinrs activities rouf?:hly 10 times and 100 times 

the activity of the initial sample. '.rhus, startin~ with the first sample having_, 

say, 2000 c/mwith no added absorber, as the activity is reduced by adding absor-

ber until it is below the level for f"OOd statistical accuracy on short counts 

(200-500 c/m), the second and third samples are successively counted in place of 

the first, and their observed activities normalized to that of the first. Thus 

as in Fip:. 3 where the Y, 11tail 11 is plotted on the aluminum absorption curve at ca. 
I 

40 to 45 counts per minute, this count is actually derived from an observed count 

of 220 to 250 counts per minute on a more active sample. 

Chemica 1 yield was determined in each case by addinr.: a known. amount of 

standardized carrier at the start (~ 20 mg for each element), and by determining 

the wei~ht of each element recovered. Osmium, iridium, platinum, ruthenium, and 

rhodium were determined as the elements by precipitation with marnesium. Pal-

ladium was determined as Pd(C4H
2

N
2
o

2
)
2

, the palladium compound of dimethyl­

@'lyoxime. Barium is determ~ned as BaC1
2

• H
2
o. 

For each isotope 1 the decay curve was extrapolated back to zero time, and 

this A corrected to 100% chemical' yield, total sample, and zero absorber. 
0 

Settinf' this corrected A
0 

= tl. N0, the number of atoms at zero time was calculated 

and compared to the number of atoms of Ba140 at that time to obtain a relative 

\ yield. Zero time was taken as the midpo~.nt of the bombardment for bombardments 

Up to one hour, since the shortest half-life recovered was 4. 5 hour Rul05. 

For longer bombardments, a median time was computed by the method of D. w. 

Osborne 15 . 
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The ruthenium decay curve is shown in Fig~ 2~ 

It is cbmplex, consistin~ of.four components, which ar~ fortunately sufficiently 

resoiutioh of the 
' 

curve. different in len~th of half-lives to permit 
I i 

The lon~est-lived component 1s 1.0 
. 106 . year Ru , whose radiation is so soft 

-
that it has never been observed. The rEid ia t ibri actually counted is the hard ~ 

106 in equilibrium with 
. 106 Since 

from the 30 second Rh dau~hter which is pe.rent Ru • 

time did not permit waiting: for the 42 d R 103 ay u to decay into the 1.0 year 

Ru106 , the aluminum absorption curve (Fi~s. 3 and 4) was resolved a~d the 

activity of 1.0 year Ru106 (again, actually t~e 30 second Rh
106 

dauthter) deter-

mined at the ti~e the .absorption curve was taken. An ideal one-year line was 

drawn through this point, and successive subtractions made to arrive at the other 

three components of the curve. 

t:. 
103 -The next shorter activity is 42 day Ru , which has a very soft ~ of 

"'-'0.2 Mev which must be resolved from the aluminum absorption curve (Fige 4), and 

a ~amma r~y of 0.58 Mev as shown in Fig. 3. 

c. The next activity up the scale is the 36.5 hour Rh105 dau~hter of 4.5 

hour Ru105 (see below). 

d. 
105 Finally there is found 4.5 hour .Ru , which has a {3- of 1.36 Mev and 

a gamma of 0.72 Mev, as shown in Fi~. 5. 

3. Rhodium Isotopes. The two rhodium isotopes found are both ruthenium 

daufhters, and appear in the ruthenium decay curve as mentioned above. The 36.5 

hour Rh105 dau~hter of 4.5 hour Ru105 has a ~- of 0.66 Mev and a ~amma of 0.33 

Mev which is 90% converted (literature values 14 ; no absorption curve taken). The 

half-life of 30 second Rh 10~ was not determined, since the activity of this 

isotope is observed from the equilibrium mixture with its p!'J.rent 1.0 year Ru106 , 

and with the latter's half-life. The energy of the p- of the 30 second Rh106 

was measured in Fig. 3 as 4.2 ll!ev. 
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4. Palladium Isotopes. The palladium decay curve is complex, being 

composed of 13 hotii" Pd109 hav·ing a ~- of 1.1 Mev; 21 hour Pd
112 

hl:l:lfing a vety 

soft~- o·f 0.2 Mev, and its dauP.;hter 3 .• 2 hour Ag112 havin~; a hard~- of 3.6 Mev. 

The curve is' difficult to resolve, both because the half-lives of the two pal­

ladium isot'opes are so similar, and also because the weak radiation of Pd
112 

counts with much lower efficiency than either of the others. Resolution of the 

112 
decay curve was therefore not attempted, but the decay of 21 hour Pd observed 

by milking its daughter Ag112 at one-day intervals after equilibrium had been 

. 112 
established. This resulted in a series of decay curves for 3.2 hour Ag , 

each of which was extrapolated to time of separation to get a point on the decay 

curve of 21 hour Pd112 . Fig. 6 shows e. typical decay curve for Pd 112 , with 'the 

Ag112 decay curves from which it was constructed. 

5. Osmium, Iridium, and Platinum. The yield of activity of all three of 

these elements was very low in comparison with that of the first three platinum 

, elements, and also in comparison with the majority of the other fission products 

formed in bombardment. This fact necessite.ted, for iridium and platinum, 
~ 

rigorous and repeated decontamj nation procedures, as explained in Chapter I, 

which resulted in low chemica 1 yield as v1e 11. The net result of these two 

factors meant low countinf! rates with attendant statistical inaccuracies. 

After several short bombardments had demonstrated the yields to be expected, 

two confirmatory bombardments were . planned: a short one for ruthenium, rhodium, 

and· palladium, and a lonp: bombardment of p.:reater thr'n five hours for osmium, 

iridium, and platinum in oraer to increase activities produced and approach 

closer to saturation values. In the longer bombardment it we.s intended to look 

only for these three elements produced in low yield~ 
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At that time I however, the cyclotron became unavailable for .alpha pilrtidle 

bombardments; and remained unavailable for nearly a month (April·~ to ~%y 3), 
\ 

wheh a two and one-half hour bombardment was finally secured. Since time was 

~rowinP" short, and pro;:;pects for a second bombardment appeared remote, all six 

of the platinum elements were taken out, with essentially the same results as 

previously secured. These results are reported below. 

6. Osmium Isotopes. Two osmium activities were reco!?;nized, that of 32 

191 193 hour Os , and 17 day Os • Both were in very low yield, and no attempt to 

take absorption curves was made. Typical decay is shown in Fi~. 7. . \ 

7 •. Iridium Isotopes. Only one of the expected two iridium isotopes was 

found, that of 60 day Ir192• Decay is shown in Fir·~· 8. As in the case ·of 

osmium, activity was too low to pe!'Illit absorption curves to be ta.ken. ~llfhat 

happened to the 19 hour Ir194 activity is unexplained exQept in one bombardment, 

in which iridium was separated last and after most of the 19 hour activity would 

have decayed. 

Finding the longer-lived isotope Ir192 is of considerable interest since it · 

is shielded by stable isotopes on both sides (Os 192 and Pt192 ). It therefore 

must be formed independently' cannot be formed by fission-chain decay. Spallation 

is indicated as n probr.ble means of formation, and since jt s yield (cf Chapter 

III) is comparable to the yields of osmium and platinum these likewise m.ay 

probably be produced by spallation reactions. 

7. Platinum Isotopes. The only platinum isotope observed was 18 hour 

Pt
197

. Activity was low. No absorption curve was take!:\. The only other 

platinum isotope probably present would be 31 minute Pt199 having too short a. 

half-life for observation using the described means of separation. Its activity 

might however have been computed by taking out its 3.3 day Aul 99 daughter, and 
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extte.polhd.ng its activity back to zero time, then finding the activity of Pt199 

refers to parent and ·2 to daue;hter. Platinum decay is shown in Fif· 9. 
' . 

8. Barium Is.otopes. In each bombardment, the barium fraction was allowed 

to stand for several days before barium was isolated. As a result 1 all the 85 

minute Ba
139 

had decayed, and the only activity observed was that of 12.8 day 

Ba 
140 

and its 40 hour La 140 dau[!:hter, which was allowed to grow to equil ib:rl.um. Ba. 

activity at zero time was found by two methods as a check: extrspolation of 12.8 

day Ba
140 

from time of separation, and by calculation from the ext~,polated 

value of the equilibrium (gross) decay of the Ba 140 with its 40 hour La 140 

dau~hter. A typical growth and decay curve is shown in Fig. 10. 
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As stated above, the initial number of atoms of each isotope formed was cal­

culated, and this number coinpccred with the number of atoms of Ba
140 

formed. 

Taking the yield of Ba140 as 100%, the relative yields of the other isotopes 

found are shown in Table I. Results from several bombardments are averaged. 

No attempt V'/as made t6 determine accurately the absolute fission yield of Ba
140

, 

although previous work1 indj_cates that it is of the order of three to four 

percent in hifh-ener~~>- fission of uranium, as compared to ~six petcent in slow 

neutron fission of tf35 
• Estimating the beam strength of the cyclotron as 0.5 

. f f. . f B 140 . microampGres on the avera~e, an approximate cross sect1on or lSSlon or a 1s 

-28 2 
(If = 2. 5 x 10 em = ·4 2. 5 x 10 barns • . 

\ 

The yield data a~e plotted in ttg. ll. Superposed on the plot for comparison., 
I ' 

are the slow-neutron rission yield c·urve 16 , and the fission-yield curve obtained 

by O'Connor for ~he hi!rh-energy fiss1.on of ura.nium with helium i6ri~ rtii:X:ed with 

deuterons. A:hso shown are the yield$ of the heavier elements found by U•Connor 

' in the hip:h-enerl"y deuteron bombardment of uranium, The data here presented 

rive no evidence for a dip in the middle of the fission-yield curve. On the con-

trary, it appears more likely that the curvems a single smooth maximum in the 

vicinity of mass 120, i.e. a maximum yield for the symmetrical splitting of the 

238 I 

U nucleus. This is somewhat analogous to t;he case of tho:rium and bismuth 

fission. 

I 

In conclusion, it can be seen from the yield curve that the data collected do 

so far support the ,initial 'hypothesis that ·what may be assumed to be spallation 

yield does fall off with decreasinr mass number, until at a minimum pf around 0.1% 

at about mass number 180 it ap.:ain rl.ses in a fission-yield curve probably 

similar in sh1'1.pe to that for thorium or bismuth. 
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Isotope 

~ul03 

Rul05 

Ru106 

Pdll2 

Os 191 

I 192 r ( 

05193 

Ptl97 
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Percentage Yield Relative to 

Ba140 ,;, lOO% 

138.6 

94.4 

220.6 

242.8 

0.22 

0.23 

0.28 

0.46 
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