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INTRODUCTICOK

The attainment of high specific activities is an
inmportant requirement for the detectior and utilization of
radiocactivities produced by photonuclear reactions. In
those nuelear transformations in which an element different
from the target element is produced, suitable chenical pro-
cedures for separation of the radicactive element from the
irradiated element can usually be devised. IHowever, find-
ing rapid and efficient chemical methods for separating
isotopes of the target element formed in the (¥,n) reaction
presents a more difficult problen.

The Szilard-Chalmers reaction, in which the radioactive
aton 1s ejected from a compound containing the element to be
transformed, has baen used oxtensively in obtaining high
specifie activities from neutron bombardments. A similar
process can be usad to obtaln high specific activitiaes
fron photonuclear reactions if appropriate co.plexss are
irradiated with x-rays. Some of the requirenents which must
be fulfilled in order for ths process to be successiful are:
{1) the radioactive atom must be ejectad from its position
in the complex moleculae, (2) 1t must not axchange rapidly
with the inactive atoms in other molecules, (3) the re-
combination of zctive atoms with any fragmsnts to refornm

the original complex must be negligible, (%) the complex



1tself must not undergo appreclable decomposition during
the irradiation, and (5) some method for separating the
active atoms from the target compound must be available.

In order to facilitate the study of the properties of
cobalt and platinum activities produced in the synchrotron
by (¥,n) reactions, an attempt was made to find complexes of
these elements which would undergo Szilard-Chalmers type
reactions. Since both of these elazments form easily pre-
pared nonwequilibrium complexes, 1t was belleved that sult-
able complexes could be found.

A high specific activity of cobalt was desired in order
58

to determine if the 8.8h metastable state of Co” , recently
reported by Strauch, could be produced by a (J,n) reaction
on cobalt, and to determire 1ts rate of formation relative
to the 724 0058 and to a Cll standard. Since 0059 is the
only naturally occuring isotope of cobalt, a (K,n) reaction
can give only the activities of 0058. A (J,p) reaction on
cobalt produces the stable FedS, Thus, if a separation of
the trace amount of active cobalt atoms from the bulk of a
suitable complex could be acecomplished, a high specifie
activity of 0058 and CosBm would be.available for studye.
Since the energies of the 0058m K and L converslon
electrons are only 17.0 and 24,1 Kov, self-absorption in
the sample would make their detection impossible unless the

activity could be concentrated in some way and counted in a



windowless counter. 4n the case of platirum, the problem is
nore difficult since there 1ls the possibility of forming
several radioactive platinum isotopes by (¥,n) reactions.
Also, iridium and osmium lsotopes may be formed by other
photoruclear reactlions. Therefore, a portion of the
following study ls devoted to the investigation of the
activities actually formed when Pt01h.xH20 is irradiated in
the 68 Mev maximum energy synchrotron. Iridium was of
special interest since ({,p) or (/,pn) reactions on Pt196
and Pt198 would give Irlgg, Ir196 and Ir197 to which no
activities were assigned when thils research was begun. The

well knoun 19h Irlgu would also be formed by (),p) on Pt195

or ({,pr) on Ptlgé. It was hoped that some new activities
could be detected, their mass rumbers assigned, the energies
of the emitted radiations estimated and the relative rates
of formation determined. After chemieal separation of any
osmium or iridium activities formed, the platinum isotopos
could be studied and thelr relative ylelds determined.

A Szilard-Chalmers process using certaln platinum come
plexes was also investigateds An attenmpt was made to obtain
some information about the efficiency of the process and the
final state of the active atoms. Devising a sultable method
for separation of the activity is more difficult than vith
cobalt sinee the final valence state of the active atoms

II v

carnot be as readily predicted. Both Pt™~ and Pt™  are quite
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stable vhile CoII is mach more stable than Co

III.

In most of the above investigations 1t becones necessary
to compare the absolute disintegration rates of the various
activitless In these calculations, corrections for self-
absorption, absorpiion and backscattering must be made. HMany
of these corrections had to be determined experimentally
while others could be obtained from previously published
work on absolute betas countinge Sinee littlce work has been
published concerning the windowless gas flow Gelger«Mueller
counter, some backscattering experiments were performed using

this counter.



REVIEW OF LITGERATURE

The Szilard-Chalmers effect was first reported by
L. Szilard and T. Chalmers (1) in 1934. A4 sample of ethyl
iodide containing a trace of free iodine was irradiated
with slow neutrons. A large fraction of the radioactivity
produced by the neutron capture was found in a new chemical
form which was separated from the ethyl iodide by extraction
with an aqueous solution of a reducing agent., In this
manner these workers obtained a radiciodine sample with a
higher specific activity than that of the ethyl iodide.
Since then a great many other organic halldes have been
similarly investigated. 8. Kikuchi, K. Fushima and
H, Aoki (2) have measured the energies of the gamma-rays
enitted by chlorine, bromine and iodine following neutron
capture. From these, the recoil energies of the halogen
atoms have been calculated to be ample to cause rupture of
the carbon halogen bonds. However, in these studies 1t has
been found that only about 50 per cent of the active atoms
can be extracted from the target materialj the rest
apparently are retained in the organic phase. W. Libby (3)
has formulated a theory of the retention mechanisn in
organic halides. He assumes that the gamna.ray emitted after
neutron capture imparts a high ernough energy to the recoll

halogen atom to assure its quick removal from the moleculo
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from which it has just been ejected, so that it camnot
reconmbine with this fragment. In passing through the
organic halide, the recoil atom may ¢ollide wlth another
haolgen and be left with too little erergy to escape from
the molecular fragments formed by the collision. J. Franck
and B, Rabinowitsch (%) first postulated this idea of a
"reaction cage¥. Thus recombination may occur to form
molecules of the original types. There is also a smaller
probability for the formation of other types of organie
halidas,

Sucecessful SHzilard-Chalmers reactions heve also been
carried out with metal organie compounds and metal complex
saltss Of particular interest here are those of platinum
and cobalt which have been investigated. J. Steigmar (5)
has proposed the criteriorn of optical activity as a
sufficient, but not necessary condition to be satisfied in
choosing sulitable complexes, since this should eliminate
the possibility of exchange. Among the inorganie conplexes
vhose optical isomers have been resolved and, therefore,
satlsfy this criterion are: the oxalato, the ethylence
diamine and the dipyridyl complexes. Platinum and cobalt
have complexes belonging to one or more of these groups.

Steigman nsed aqueous solutions of the nitrates of the

ethylerediamine complexes of platinum, cobalt, lridium,



rhodium and ruthenium to obtain high specific setivities
of these elements fron (n,X) reactionses In the case of
platinum, the activity formed was separated by precipita~
tion of platirum metal with zinc dust and a little hydro-
chloric acid after the addition of 10-20 mg of platinum
chloride carrier. This sample contained 4 times as much
activity as the complex sample. However, the counting

| rates were not corrected for diffeorences in self-absorp-
tion which must have been important here. The co®0
activity (5.3y) formed in neutron irradiaticn of the cobalt
complex was separated by extraction of cobalt(II) thio-
cyarate by ether and amyl aleohol, and preclipitated as
cobalt sulfide for counting. The ratio of concentrate
activity to the aetivity of the complex salt was fourd 1o
be 10,

S. Chatterjee and P. Ray (6) have concentrated 90 per
cent of the Co®0 activity formed in neutron bombardmant of
[co(c1)¢]”, cortairing a trace of cobalt(II), by precipita-
tion of the cobalt(II) with &K-nitroso- 8 -papthol. P. Sue
and G. Kayas (7, 8) have studied the efficiercy of the
gzilard-Chalmers process in hexsamminecobalt(III) nitrate,
tris(ethylenedianine)cobalt(III) nitrate and bis(diethylene-
triamine)cobalt(III) nitrate to test the hypothesis that the

volume of the coordinated groups and the structure of the
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complex ior, itself, may be lmportant ir the success of a
Szilard-Chalmers reaction. They proposed that although very
large groups and complicsted structurcs should be highly
effective in preventing exchange, they may actually decrease
the probability that the central atom will be ejechad from
ﬁhe complex. They fourd 86 per cent of the activity cjected
from the hexaarminre-, 75 per cent from the tris(ethylene-

' diamine)- and only 10 per cent from the bis(diethylenetri-
amine)cobalt(III) nitrate.

Few such reactions have been used to concentrate activ-
ity formed by (), rn) reactions. W. Barkas and co-workers
(9) have reported concentration of Br/S, Brf0% ard pr0 by
irradistion of liquid ethyl bromide with x-rays, produced
by bombardment of lithium with protons. A concentration
factor of around 10 per cert wvas obtaired by aqueous ex-
traction of bromide ion. 0. G. Holmes snd H. J. MeCallum
(10) reported the use of the copper salicylaldehyde-o-phenyl-
enediinire chelate complex to corncertrate the cu3 activity
formed by irradiatior in the 18 Mev maximum cnergy betatron
of the Urnlversity of Saskatchewan. They irradiated both the
solid complex and pyridine solutions of the complex. VWhen
the solid was irradlated, washed with water and copper sul-

fide precipitated from the filtrate, 95 per cent of the

activity was retaired irn the complex. If the solid was



dissolved in pyridine after irradiation, copper carrier
added, the complex precipitated with 1% per cent acetic acid,
and the carrier remove! as copper sulfide, only 45 per cert
of the activity was found in the complex. VWhern a 0,053 M
pyridine solution of the complex was irradiated only 18

per cent retentiorn was observed. By adding varying amounts
of copper carrier to the solution to be irradiated, the re-
tention in the complex was reduced to 9 por cent. Similar
results were obtained by R. Duffield ard M. Calvin (11) in
neutron bombardments of this complex. Holmes and McCallun
calculated the maxirmum recoil imparted to the Cu62 rucleus
by the photonuclear process to be about 0.1 Mev which is
more than enough to break chemical bonds.

o record has been found in the literature of a Szilard-
Chalmers type process belng used to concentrate cobalt or
platinum activities formed by (),n) reactions. By the fol-
lowing calculation (12, p. 262) it can be shown that the re-
coll energy of the active atoms formed in such processes is
sufficient to break chemical bonds, most of which are of the
order of 1-5 ev, and that one could, therefore, cxpect the
active atoms to be ejected from the irradiated complexes.

By = (Byr0m /M+m = Ey(m/M) (1)
vhere Exis the energy of the incident gamma-rays, Q 1s the

energy released in the nuclear reaction or the threshold of
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the reaction, m is the mass of the neutron and ¥ is the
mass of the recoil ztom. This equation neglects the small
monentum imparted to the atom by the impingirng gamma-ray.
(We Libby (3) has derived an exact equation for the recoil
energy.) From the available data on photoreutron yields as
functions of energy, Katz and co-workers (13) have noted
that the cross sections have peaks, on the average, about
6 Mev above the threshold for the reaction and the reso-
nance peaks have a half-width of 5-6 Mev, Therefore, most
of the reactlons wlll occur between 3 and 9 Hev above
threshold which means that the recoil energies are 0.05-
0.15 Mev for cobalt and 0.015-0.045 Mev for platirum. If
the active atonms ejected in the photoruclear process do not
replace inactive atoms in the complex, do rnot recombine
with fragments of the complex, and do not exchange, a con-
centration of the activity should be observed.

There has beern no previous report of the formation
of any of the isotopes of cobalt by a photonuclear reactiorn
on cobalt, probably because a (J,n) reaction gives orly the
724 Cos8 or the 8.8 hour Co58121 and (§,2n) gives the 2704
Co’’s Little of the 72d or 270d cobalt would be formed in
58m

the usual irradiation times, and the 8,8h Co cannot be
recadily detected with the ordinary mica window Geiger-

Mueller counter. Unless these activitles can be separated
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chemically from the target cobalt, there will be little
charce of detecting them because of the very low specific
activities which will be formed.

The 72d Co%8 was reported by J. J. Livingood aud
G. T. Seaborg (14) in 1938. Its half-life was measured
as 72d and the activity defiritely assigned by them to
0058 in 1941 (15). It was produced by the following re-
actions: in(«,n), Li(n,p), Fe(d,r), Fe(p,0) and probably
by Fe(«,np). They also reported that the activity emitted
a 0.6 Hev gamma-ray and positrons having a maximum energy
of O+ Meve L. Go Elliott and M. Deutsch (16,17) have stud-
ied the disintegratior scheme by examination of a 0058
source in the magnetic lens spectrometer, and fourd a gamna-
ray of 0.810 20,015 Mev. By beta-ray spectrometer measure-
merts it was shown to emit positrons with a maximum energy
of 0.470+ 0,015 Mev. They reported that C058 decays to a
state of Feo0 0.805 Mev above the ground state and that
this state decays by emission of a gamma-ray. iirety per
cent of the 0058 disintegrations were found to occur by K
electron capture while the other 10 per cent are by the
0.%7 Mev positrons. Tach positron emitted is accompanied
by a 0.805 Mev gamma-ray. We. He Good, De Peaslee and M.
Deutsch (18) have found the positron branching ratio for
0058 to be 0.14%5% 0,005 positrons per disintegration.



K. Strauch (19) first reported identification of COSBm.

He observed that it decays with an 8.8h half-life by emission
of a 24,9 + 1.0 Kev gamma-ray, and determined the ratio of
the K to L conversion coefficients to be 1.9 + 0.2,

Strauch believes thic transition is of the type A = 4. The
relative cross section for the formation of 6058m to 0058
when manganese is bombarded with alpha particles was calcuw
lated to be l.7 from data he obtained by observation of
growth of the continuous positron spectrum of the 724 active
ity. The 8.8h activity was also found in cobalt fractiors
from nickel and cobalt bombarded with 18 Mev deuterons ard
fast neutrons, ard from deuterons on coppsr.

In the following investigation the nuclear isomers of
C058.have been separated and thelr relative rates of fore
mation for the photonuclear process calculated. E. Segre,
R. Halford and G. T. Seaborg (20) first reported chemical
separations of nuclear isomers. They separated the 18m
daughter of BrBO from the W4.4d upper level of BrBO. Ter=

tiary butyl bromide containing Brgo

was synthesized and
shaken with a methanolewater solutior. The tertiary butyl
bromide was separated by extraction with benzene, bromide
carrler was added to the water layer and the bromide was
precipitated with silver ion. The 18m daughter of 4.hkh Br80

was found in this precipitate from the aqueous phase.
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De De Vault and Libby (21) observed similar results with
bromoform. G. T. Seaborg, G. Friedlarder and J. Kennedy

127

(22) studied the isomeric transitions in Zn69, Te and

Telzg usirg the Zn and Te dlethyl compoundse. They were able
to separate the Telg? and T9129 isomers in which a converw
sion electron 1s emitted although energles of only 9.2 and
6.6 kecal are imparted to the recoil tellurium atomse The
Zn69 1soners, in which the transition gammaerays are largely
unconverted, but which give an energy of 40 keal to the ree
coil zine atoms could not be separated. Therelfore, they cone
cluded that the isomer separation process occurs duc to the
high state of elesctronic cexcitation resulting from the loss
of a conversion electron, rather than from the recoll ecnergy
imparted to the atoms. Be Cooper (23) has shown theoretically
that decay by K-capture or internal conversion can eause sope
aration of a daughter activity from the origiral complex.
These processes result in a vacancy in the K or L electron
shellss During the filling of such a wvacancy a large positive
charge can be accumilated by Auger processes. A molecule COne
taining an atom which can undergo an isomoric fransition is
considered as belng at the minimum of its potentlal energy
curve. After the isomeric trarsitlon process the original
atonic configuration of the molecule may no longer represent

the ninimum potential energy of the moleculs and on vibration
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dissoclation will occur,.

Table 1 shows the known platinum activities and their
mass assigrments and the stable isotopes of platinum as
given by the United States National Bureau of Standards (2,
Pe 225)

Table 1. Platinum Isotopes

100% 191 192* 193 194 195m 199% 106% 197+ 198% 199

0.012 3d 0.78 %.33d 32.8 80m 33.7 254 18h 7.2 29m
K K I.T. 8- 8-

*Stable isotopes, abundance given 1n per cent.
Of these, the only activities which would be expected
193

from photonuclear reactions on platinum are Pt197, Pt and
netastable states of the stable lsotopes, formed as a result
of (¥, n) or possibly (¥,/') reactions. Pt 7' might be
formed in very low yleld. Tables 2, 3, % and 5 summarige
the present knowledge about these activities.

The nass assigrment of the 80m platirum to Ptlgsm, how-
ever, does not appear to be definitely established. R. Sherr,
XK. T. Bainbridge and H. H., Anderson (25) suggested its assigrn=-
ment to a metastable state of Pt196 or Pt197 on the basis of
its production by fast, but not slow neutron bombardment of
platinum, by deuterons on platinum and by fast neutron

bombardmer:t of mercury, but not by alphas on osmium or by



Table 2. Ptlgl

T&' 3. 0d G. Wilkinson
Radiations

K G. Wilkinson
e” - 005
¥ 0457
1.7
K,L x-rays

Formation

Ir(d, 2n) G. Wilkinson
Pt(n, Zn;
Pt (é, p) small amount

Basls of Mass Assignment
Daughter of 1 d Au™+ G. Wilkinson

o Ir daughter of T4 more than a few minutes
Not produced by {n,J)

1948

1948

1943,

1948

(26)

(26)

(26)

(26)
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Table 3e P‘b193
Halfwlifa
T™d = 4e33d G, Wilkinson 1949  (26)
= 53 L.« Hole 1948 (2g
C. . Mandeville and others 1948 22
2.8d R. 8. Krishnan and E. A. lghum 19%W1 (29
3,34 Be M, MeMillan 1937 (30
RBadiations
K G. Wilkinson 1940 (26)
e = 0.115 C. 7e Mandeville and others 1948 (28)
Ge. Wilkinson 1 526
0.112 K. Hole 1 27
r = 04126 I.» Hole 1948 (27
0¢18,1¢5  G. Wilkinson 1949 (26
Ky L Xerays G. Wilkinson 1949 (26
) L ). e Mandeville and others 1948 (28
X x-»my x--my
y; G. Wilkinson 19%9  (26)
14 or ar X
coineldences Ce Ue Mandeville and others 1948 (28)
Formation
P, ¥) Cs e Mardeville and otheors 1948 (28)
Ge Wilkinson 1949 (26
Ee M. MeMillan 1937 (30
Le Seren lgu‘g (31
not by (n,?) K. Hole 1 (2‘7;
Pt(fast n) N. Hole 1948 (27
Pt d,p) R. S. Krishrnan and %, A. Nahum 1941 (29)
Ir a,zng G. Wilkinson 1940 (263
Ir{x,pn Ge Wilkinson 1949 (26
Basis of Mass Assigrment
Daughter of 16h Au 193
G, Wilkinson 1949 (26)
Lo Ir daughter of th more &arf a fow mimtes 1949 (26)
liot formed by decay of Irt 1949
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Table 4. PELINCH)

Halfwlife

™ = 80m R. Sherr and others 1941 (25)
gSm H. Hole 1948 (27)
7m D. L. Mock and others 1948  (32)

Radiations

I. T.

¥ = 04337 I, Hole 1948 (27)

X - o

K/L = 1.3

Formation

Pt(d,p) Rs Sherr and others 1941 €25)

Pt(fast n) R. Sherr and others 1941 (25)

Pt J,ng D. L. Hock and others 1948 (32)

Hg(n, = R. Sherr and others 1941 (25)

Basis of Mass Asslgrment

Kot produced by Pt{(n,¥) R. Sherr and others 941 (25)

lio active daughter (%) I. Hole 1948 (27)

Kot produced by o's on

Os or d*'s on Ir R. Sherr and others 1941 (25)
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Table 5. Pt197
Holf-life
Ty = 18h G. Wilkinson 1949  (26)
< 16h Be s MelMillan and others 19&7 (30)
Re Sherr and othors 1941 (2%)
Radlations
6 = 0.65 R. Sherr and others 1951 (25)
0.72 Re S+ Krichnan and H. A. Naohum 191 (29)
Formation
Pt(n,)) Be Mo Melitllan and other:s 19{3;7 {30)
L. Seren and others 1947 (31)
Pt(d,p) Re Se Krishnen and B. A. Nahum 1941 (29)
Pt(n,2n) Rs Sherr and others 941 (25)
Pt(¥,n) H. VWaffler and Q. Hirzol 1948  (33)
Hg{n,«) R. Sherr and others 1941 (25)
Basls of Mass Assignnent
Yo active daughter
Re S. Krishnan and E. A. Lohun 19k1  (29)
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deuterons on iridium. Hole (27) reported the eross seetion
ratio of a 3.45d activity to the 78m aectivity produced in
fast reutron 1rradiations of platinum to be about 15. Hole
stated that he looked for daughters to both of these active
ities with "no result¥, He gave no indication of the method
he used and it 1s difficult to understand how the formation
of the 18h Ptlg? daughter could have been definitely ruled
out since this isotope was formed in high abundance in the
irradiations. On the basis of Hole's report, the United
States National Bureau of Standards (24) has, tentatively,
assigned an 80m activity to Ptlgs. It was probably assigned

1

to Pt195 rather than Pt 96 because metastable states of

eveneeven lsotopss are believed to be highly improbable (34).

Wilkinson (26) has assigned a %.33d activity to Pt;93

and a 3.04 activity to Ptlgl. He made a careful study of the
propertles and formation of these two isotopes and the assigne
ments seam to be quite definitely esteblisheds He found no
iridium daughters of half«lives greater than a few minutes

to either the %4334 Pt - or the 3.0a Pt'9L. However, the
K/L x-ray ratio of 0.5 observed for the Ye33d activity is
abnormally low, and may indicate decay by L electron cape-

ture in addition to K capture, or gauma~ray conversion in the
L shells A 3.3d activity which Meliillan and co-workers (30)

detected in 1937 from slow neutron irradiation of platinum
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and suggested might be isomeric with the 18h Pt 97, was

probably the %.33d Pt193, The 3.454 activity vhich Hole
produced in fast, but not slow, neutron irradiation of
platirum can also be idertified as P73, He found that
it emitted a 04126 Mev gammawray and reported a K/L ratio
of 0423« Since it would be expected that the yield of
Pt193 would be much higher in fast than in slow neutron
irradiations, its intensity must have been below Hole's
limit of detection in slow neutron irradiations. Other
investigators (28, 30) have reported the formation of
similar activities in slow neutron irradiations of platie
nue Recently, J. M. Cork and cowvorkers (35) have ree
ported activities of 17.kh, 3. and 83d in platinum ire
radlated in the pile.

There secms to be sémething of a paradox in the above
results. Although Wilkinson found no daushter to the 4.33d
PtlgB, the low K/L ratio and the high conversion eocefficien
indicate an internal trarsition., On the basis of this ovie
dence and the 3-4d half-life, M., Goldhaber and A. W. Sunyar
(36) hove classified a platinum isotope having these chare
acteristics as an M4 type of internal transitior. If such an
isomeric transition actually does take place to a daughter
Pt193, decaying by electron capture with a very long or very
short halfwlife, Wilkinson would rnot have detected 1t. The
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presence of an isomeric transition in Pt193 woula appear to
be & possibility which should be investigated further.

There are a fow reports in the litsrature of the forma-
tion of platinum activities by (¥,n) recctions. D. L. lock
and others (32) havs reported the formation of an 87m platl-
num activity when platinum is irradiated in the 20 lev beta-
tron, and H. Waffler and 0. Hirzel (33) producsd the 18h
Pt197 vy irradiation of platinum with the gemua-rays from
lithium. They report the relative cross section for the
formation of the 18h platinun to be approximastely 200 if the
reaction Cub3 (¥,n) cub? (9.88m) is talen as 100.

At the time this investigation was boegun, tho only
reported activities of iridium were the 10.7d Iri90, the
1.%2m and 70d Irl92 and tho 19h Irl9% (2%). Of these, only
tha 19h would be expeetaed to be formed in high intensity
from photonuclear recctions on platinum, althouch a very
low intensity of the 704 might be observed. Decays of
19.0h, 20.7h and 19.5h (37, 31, 38) by enisgsion of negative
betas of 2.1 iev (37, 38) and 0.L8 Mev (39), and by gamia-
rays of 1.35-1.65 (40, 39, 37) and 0.3¢ Mev (37) have been
observed. Recently, in irradiation of platinum with x-rays,
Butement (41, 42) reported a 66m activity vhich he tenta-
tively assigned to Irl99, or moro likely to Iri97 on the
basis of its yield relative to the 18h iridiunm. However,

with stronger samples from (n,p) reactions on platinum
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he has observed a half-life of 120-150m (43) rather than G6m.

There are some roports on recent investigations of the
relative ylelds of z-ray Induced nuclear reactionss He Le
Perlmen and G. Friedlender (W, &%) determined the ylelds
of many (¥,n) and a few (/),p), (Vy2n) and (¥,2p) reactions
relative to the reaction, Nlu (ryn) 13 as one. The vields
were deternined by irradiation of wvarious eclements with the
X-rays produced in a tungsten target by 50 and 100 Mev
electronse The yield ratios are nearly the same at both
energiess For the (X;n) reactionr on Nisg, the yleld 1s 6.3
vhile for (/,n) on Cu63, it is about 33.0 ai 100 lMev. TFor
(Y,p) reactions, values seem to vary between % and 8 with no
upward trend as is observed with (I;n) reactions. Price and
Kerst (46) have also investigatéd the neutron ylelds of sone
(X,n) processes induced by using betatron bremsstrahlung with
maximum energies of 18 and 22 Mev. They have prepared a
smooth curve of the photoneutron yields versus atomic number
and have obtained fair agrecment with the theoretical yield
curve predicted by M. Goldhaber ard Z. Teller (47), and with
the yields reported by Friedlander and Perlman, Waffler and
Hirzel and MeElhinney and co-workers.

In the following investigations, absolute beta disinte=-
gration rates were frequently compared and the results of

previously reported backscattering, self-absorption and selfw



scattering experiments for the conventional end-window
Goigerwlueller tube were used (48, 49). No such data were
available for the gas flow counter, although recently W. L.
Graf, C, L. Comar ard I. H. Whitrey (50) have compared the
aluninum absorption and self-absorption curves of varlous
bota=enitters in the windowless Gelger-Mucller type gas flow
counter, the thin end-window counter and the windowless pro=
portional counter. They found that the effects of absorption
and selfwabsorption are of considerably greater magrnitude in
the windowless counters. This indicates that a much larger
proportion of very low energy betas was being measured. When
they determined the wvalues for the interrnal counters using the
counting rate at 5.9 rag/cm2 sample thickness as the K, value,
the curves became identical with those for the endewindow
counters The windowless counters were found to be 30 times
more sensitive than the erndewindow counter for 0.167 Mev

betas ard 10 times more sensitive for 0.53 Hev betose
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INSTRUM IITS APLOYED
Synchrotron

The Towa State College synchrotron which exhibits a
contiruous spectrum (51) from zero to a naximum enerrsy of
68* 5 lev was usaed for all irradiations. The samples to be
irradinted were contained in test tubes of 1 cm diamctere.
The test tube was held in a specially constructed lucite
holdar which was carafully aligned in the x-ray beam. Only
one gample at a time wos lrradiatzd z2nd 21l irradiations
waraz at tho maximum energy of the synchrotron. The intan-
sity of the bean was nonitorad by an ionizatlon chambar and
plotted by a recording nmilliammetor. All of thae samples
used for yield determinations wers irradiatod at a nearly

constant bean intensity.
Beta Counters

Standard ond-window Geigoar-Muzller counter tubes mare
factured by the Victoreen Instrument Companry and Badiation
Counter Laboratorizs were used to measure the platinun,
iridium, carbon and chlorine activitics. The thickness of
the mica windows ranged from l.9 to 2.2 mg/cm2. The counters
were mounted in lead or heavy lron housings to minimize the

backeground counting rates. Background and 0060 standard
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sarple counts were taken with all measurements.
Windowless Gas Flow Type Geiger-Muazller Countar

In order to count the lovw snergy radiation from Cob8n
1t was necessary to use a windowless gas flow type Gelgoer-
Mueller counter. A one plac2 gas flov counter nade by the
Ke Wood Company was used. This counter operated at about
1300 volts. WQY gas obtained from the Huclear Instrument
and Chsmical Corporztion wos passed through the counter at
a constant rate. A Co60 electroplated standard was countad
before and after all experimental sarples. Conventional
scale of 6% scalers mads by the Instrument Development
Laboratory and the Iuclear Instrument and Chamical Corpora-
tion were used in conjunction with all the Geiger-lucller

counters.
Blectrodaposition Apparatus

The cobalt counting ssnples were zslectroplated using a
Sargent-S8lonin elecetro-analyzer with a rotating anode., For
these anodes, 3/16 inch dianmster graphite sample slactrodes
used to produce the arc in emission spaectroscopic analyses
were employed. Thesa alectrodss could be chanpged so that
there was no dangor of radicactivz contamination from a
pravious expoerimente A nicro slectroanalysis cell, manu-

factured by Tracsrlab, Incorporated espsciclly for use 1n
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electroplating radicactivity for counting samples, was used
to hold the solutlons. This cell consists of a metal frane
on the bottom of which a platinum disc 2.55 cm in diameter,
which servas as the cathode, is placed. A rubber gasket and
glass chimney are held securcly on top of this. The c¢oll has
a maximm capacity of 50 ul. When the electrolysis has been
completed the ligquid can be poured off, the chimney and
gasket removed and the electroplated sample welghed and

countad.
Flltering Apparctus

The conventionnl filtering techniques ars not convenient
for the preparation of radiochemiczl assays. They ars often
slow and it 1s difficult to obtain everly depositad precipi-
tates which can be removed quantltatively from the filter for
welghing and counting. Therefors, a special filtering appar-
atus was used in the preparstion of scmples of platinum,
iridium, osmium and chlorine activity. Using thils apparatus
filtering can boe done rapidly, and ev:n deposits of thoe pro-
clpitate over a uniform area arce obtainad. The samples can
be readily washed and rowoved quantitatively for weighing and
counting.

The apparatus wvas constructad in the following manrer.
One end of a glass scaling tube 3.0 em in diameter, containe

ing a coarse fritted glass disc was cut ofT flush with the
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fritted disc and ground even with it. To the other ond of
the tuba, which formed the bowl of th: filter funnel, 5 cm
of 0.6 cu dismetor glass tubing was sealed. The filter could
thaen be pleced in a suction flosk in the usunl way. Filter
paper discs noarly 3.0 ci in diameter were plocad on top of
the fritted glass disc. A 2.6 con disneter glass chimney was
held sceurely ovoer the filter paper by rubber bands attached
to glass hooks on the chimnoy and to others on the tube just
below tha fritted glass disce. Suction was applied by neans
of a water aspirator and the solution to be filtered was
poured into the chimney. After filtering, the samples were
washed with alcohol and ethor and the chimney was ramoved.
The filter paper containing the 2.6 on diancter sample could
than bo easily 1liftad off the fritted disc, dried and welghad.
Before the preparation of the sample the filter papar was

similarly washed, drlesd ond weighod.
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MATERTALS
Preparation of Complexas

The K3[Co(C504)3].3H,0 used in the following invostiga~
tions was preparsd according to the procedure glven by D. H.
Yost (52, p. 37). [Pt(lfi3),]C1,.H,0 and a carrier solution
of PtClh? were prepared from directions given by Re He Keller
(53, pe 251)., [Pt(KH3)201hJ was synthesized according to
directions given by J. W. Mellor (54, p. 308). K, PtCly was
prepared by reduction of K, PtClg with K,CoOy (55, pe 286).
Reagenrt grade chenmicals, wvhen available, were used in all

of the syntheses. Otherwise CP chemicals were used.
Specilal Chenmicals

Platinum(IV) chloride was obtained from Hallinckrodt
Chenical VWorkse A spactrographic analysis indicatad that it
contained ne iridium, osmium or other contaminants which would
produce interfering activities. In one irradiation platinunm
foil was usad and a spoctrographic aralysls of it gave sine
ilar results. The osmiwm used as carrler was obtalned fron
Hellinckrodt Chemical Works as osmium tetroxide. Iridium,
obteined as CP iridiun trichloride,from Fisher Scientific Co.
was usad as carrier.

The hydrazine dihydrochloride usad in the cobalt slectro-

plating solutions was tecsted for iron boefore ussz. Several



bottles of CP grade were found to contain enough of this
contaminant to cause serious errors in the weights of the

cobalt sanmplas.
Ion Exchange Roslins

Amberlite IRC-50 cation exchange resin manufoctured by
the Rohm and Haas Conmpeony was used in the separation of the
cobalt{II) from the cobalt complex. It possesses only one
type of active sxchanze center, a carboxylic acld group.
This was convarted to the potassium salt beforse use by treat-
ment with potassium hydroxide. This resin is particularly
useful in neutral and alkalinc solution. Above a2 pH of
7.0, alwost all the carboxylic acid groups take part in ox-
change rsactions. At this pH, IRC-50 has a woicht capacity
of 7.8-8.0 meq/g and a volume capacity of 3.6-3.8 meg/ml.

Duolite A-2, manufactured by the Chemical Procoss Coe,
and Amberlite IR-4B, obtained from the Rohm and Haas Co.,
were used in some of the experiments with the platinum con-
plexes. Duolite A-~2 is a phonolic ra2sin and Amberlite IR-LB
is a weakly bosic resin containing a nodificd amine as the
active group. Before use, these were converted tc the
acotate or oxalate forms by traatment with Ea02H302 or

K~C50y, respectively.



EXPERIMENTAL INVESTIGATICHS

Backscattering in the Windowless Counter

Introduction

It was necessary to use the windowless gas flow type
Gelger-Mueller tube to count the 17 and 24 Kev conversion
electrons emitted by ch&m. The windowless countcr has a
counting efficiency of nearly 80 per cont vhen samples are
nmounted on platinum vhile the efficiency of most endewindow
counters is only about 10 per cert. In general, the deterw
mination of absolute disirtegration rates from counting
rates Involves the following equation derived by L. R.
Zumwalt (56).

(a/m) = (c/m)/ fwi‘AfoHfs(G/IOO) (2)

fw is the factor for the effect of beta-ray absorption
by the counter tube window and air in the space between the
tube and the sources fA is the effect of air in scattering
betawparticles into the counter. fB is the factor for the
increase of counting rate duc to backsecattering by the
materlal supporting the source. fH is the factor for the
affcet of the sourc:s support structure and walls of the
housing in scatiering beta-particlzs into the counter tubee

fs is the factor for the effect of the mass of the source in
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causing both scattering and absorption of beta-particles and
G is the geometry. Assuming isotropic emission of radiation,
the geometry factor for the windowless counter is 50 per cent
since one-half of thoe electrons would then be dircected toward
the sensitive volume of the counter and be detected. For the
windowless counter, fy; and f, are one. fg must be determined
experinentally, but will be one in the following experiments
vherce essentially weightlaess sources are used. fp and fy can
be incorporated into a single backscattering factor, B, which
rmust be determined experimentally. A knowladge of the nagni-
tude of the backscattering for various energy beta~enitters
due to different sample bockings 1s, thercefore, nocessary if
one 1s to determine absolute disintegration rates in the
windowlaess counter.

Since no backscattering data were found in the litera-
ture, thoe factor had to be determinced experinmentally. For
the end-window counter, tho counting rate of a nearly weight-
less source on a thin film can be used as the value for zero
backscatterer. This counting rote can then be comparced with
the rates resulting frowm placing backscatterers of various
eleoments dircctly behind the source. However, in the flow
counter, onc cannot obtain the counting rate at zero back-
scatterer in this manner since tho sample must always be

placed direcctly on ton of tha steel base of the counter
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chanber. The counting rate with various backscattersrs can
be obtained if the sample is placed on backscatterers of at
least "infinite thickness" for the radiation involved. (An
"infinite thickness" backscatterer is one which givés the
maximum limiting counting rate. DBngelkemiser and co-workers
(49) have shown that a thickness greater than 20 per cent of
the beta-particle rangs gives the maximum or saturation
effect.) One-half the absolute disintegration rate of the
sample, 1f known, 1s used as the value for zero backscatterer.
From the variation of the counting rate with atomic number of
backscatterer, curves of counting efficisncy versus atonic
number of backscatterer can be plotted for sach beta-emitter
investigated. The desired backscattering factor can then be

read from these curves.

Experimental procedure
Activities used, Four different beta-emitters were

used in the experiments to indicate variations which might
be due to the beta-ray energiles and possibly to the form of
the spectrum. Table 6 gives the pertinent data concerning
theme.

Materials used as backscatterers, Berylllum, magneslum,
aluminum, nickel, copper, silver, tantalum and platinum

metals were used as backscatterers. Discs about 2.5 cm
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Table 6. Characteristics of Betawenmitters

Activity Ty B.of € Specific Chemical Source
> (Mev) activitg forn
(d/m mg

mb3 85y 0.067 5.3 x 108 NiCl, Oak Ridge Pile
(502 = 0.014g) Ni(n, 1)

s3° 874 0.17  no carrier H,80), Oak Ridge Pile
(504 & 0.004¢) - cz(::,p?

o0 5.3y 0.31 5 x 107 CoCl, Oak Ridge Pile
(504 = 0.154g) Co(n,ﬁ

P32 14.3d 1.7  Y%,2 x 108 H3PO, U, S, Bureau
(500 = 0.024g) of Standards

S(nyp)
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in diameter and thick enough to insure saturation backe
scattering were used. The surfaces of the metals were
different, the platinum being bright while the tantalum
was quite dulle All of the discs except the beryllium
were cut from cormercial foils which were probably fabw
ricated by rollinge. The beryllium dlscs appeared to

have been cut by an abrasive wheoel from rod. The magnee
sium discs were etched wlith dilute HCl to remove the oxide
£ilim,

Preparation of sampless In preliminary experiments,
50N aliquots of the various active solutions were evapo~
ratgd directly on the metal backscatterers. Two samples
of ecach were prepared and counted, An absolute P32 gtand-
ard was prepared by diluting an aliquot of a National
Bureau of Standards sample of known disintegration rate
and evaporating 50N of it on platinum. The absolute dise
integration rate of the 0060 samples was deternined by
comparison with the counting rate of an electroplated
Co®0 secondary standard. Its disintegration rate was dcw
termined by comparison with a similarly prepared prinmary
Cof0 gtandard whose absolute dlsintegration rate had been
calculated by F. J. Hughes from coincidence counting data.

In a second series of experiments, Zapon films of
about 30 .ug/em® thickness were supported on top of thin



plastic rings 2.5 en in diameter and 1.0 rm high. A4 50A
aliquot of each activity was then evaporated on a film.

The ring was placed dlrectly on the various backe
geatterers so that the sample of activity was on top of the
film facing toward the ecounter and 1.0 mm above the backw

scattorer.

sult d discussion

By comparison of the P32 sample evaporated on platinum
with its absolute disintegration rate, as determined from
the Hational Bureau of Standards data, an over-all effie
ciency for the flow counter of 0.77% counts/disintegration
was found. When the absolute disintegration rate of the
P32 was calculated by comparison with the Co00 standard,
a value 1,07 times that of the value calculated from the
National Bureau of Standards data was obtained. DBoth B. P.
Burtt (57) and T. Fovey (58) have reported obtairing values
8 per cent highor for the absolute disintegration rate of
P32 than the values given by the Natlonal Burcau of Stande
ardss They belleve the National Bureau of Stardards volue
to be in error by 8 per cent becausc of selfwscattering
due to the finite thlckness of the Ra D=Ba T standards
which thoy uscd,.

The resulte from the samples prepared by evaporation
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of the sectivitics directly on the backscatterer proved err-
atic for 63 ana 3%, but quite satisfactory for Cof0 and
P32, However, it was noted that platimum gave results
which appeared high in relation to the tantalum values.
This may have becer due to differences in the metal sure
faces. The erratic results obtained with Ni63 and §37 may
have been due to differences in the metal surfaces, attack
of the metals by the very dllute acld solutions with sube-
sequent selfeabsorptlion of the activities, or by uneven
distribution of activity on the backscatterer. All of
these factors would become more important with the lower
energy beta-cnitters.

The thin film experiment was undertaken to minimize
the various surface effects. Also, since the same sample
of each activity could be used with the different backe
scatterersy it was nccessary to prepare only one sanmpl: of
each activity and errors due to pipeting or differencos in
distribution of the activity were =liminated. Any differe
encas in counting rate could then be due only to the backe-
scatterer. The curves for Co®0 and P32 were cssentially
the sanme as in the precedirg experiments in which the
activity was cvaporated directly on the metal surface.

The results obtained from the thin £ilm samples are shoun
in Figure l. One-half the absolute disintegration rate of
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Figure 1 - Backscattering curves for the windowless counter.
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Cob0 and P32 was plotted at zero backscatterer. The curves
for §i63, $35 and Co%0 appear to have reachcd their satura-
tion backscattering value at platirum while the P32 curve
may still be rising very slowly. Since orne-half the abe
solute disintegration rate was not knowm for Ni63 and §35,
their curves wore plotted so that the flat portlions coine
cided with that of the Co®0 curve, Although the shaps of
the curves is different, the low encrgy Ni63 radiation
reaching its maximum value much more rapidly than the higher
energy betae-cmltters, the saturation backscattering value
secms to be Independent of the energy of the beta-emitter.
Using an end-window Gelger-Mueller tube, L., R. Zumwalt (56)
has found that in the beta-energy range 0O.3-1.7 Mev, the
percentages of backscattering obtained with backings of
various atomic rumber all fell close to the same curve if
the counting rates were corrected for absorption in air and
in the mica window.

The overeall counting efficiency for the activities on
different backscattercrs can be reoad from Figure 1. Vhen
samples are mounted on platinum, the counting efficiency
seens to be nearly the same for the beta cnergic. investle
gateds Although a curve for Co%8M was not obtained, the
values for 1i63 oo 009 yould be cxpected to be about the
same since most of tho betas emitted by the 1463 have



energies comparable to the 17 ard 24 Kev conversion elec-
trons of Co%%M, On the basis of the results shown in

Figure I, the backscattering factor was assumed to be the
same for the Co29m ard co®0 samples electroplated on plat-

Irum which were compared in the following investigations.



Cobalt-58 and Cobalt-58m

Choice of complex

In order to produce a high speecific activity of 0058
and Co’O® the complex, KBICO(CQOQ)].3H20, was irradiated
in the 68 Mev xeray beam of the synchrotron. This cone
plex was chosen for several reasons. First, it belongs
to one of the three main classes of complexes whose
optical isomers have been resolveds Therefore, the cenw
tral cobalt atom would not be expected to undergo exe
change. Second, since the cobalt is in the anion,the
active atoms, which are ejected from the complex and will
probably be present as cobalt(II) ions, can be separated
from it by use of a cation exchange resir. This separoe-
tion method 1s efficient and rapid, and does not necessi=
tate the addition of inactive cobalt carrier, Third, the
preparation of this complex is relatively simple and can
be accomplished in a short time.

The rate of formation of 0058m to 0058 was determined
on the basis of the principle that decay of C0§8m to 0058
by the emission of conversion electrons would cause dise
sociation of the complex in which the Ccsgm wasﬁpresent
originally. Therefore, the complex,lbc(cgou)B]:, vas
prepared in solution from the activity separated in the
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Szilard-Chalmers process. After a period of time the
activity present as cobalt(II) was separated from the cOme
plex arnd the amount of the activities in the complex and
in the separated cobalt(II) were determined. Trom these
data it was possible to calculate the relative rates of
formation of the two isomers.

The ratio of the raie of formation of Co”°® to that of
cll vas determined by comparison of the absolute digintegrae
tion rate of Co?8® with that of the CT' formed in a portion
of the complex during the same irradiation by (/yn) ree

actions on the oxalate carbon.

Lhenical procedure

Resin Separatiove The effectiverness of a catlion oxe
¢hange resin in sqparating cobalt(II) fronm the complex
anion, {Ce(czoh)3]:was determined by performing tracer

60. Trace amounts of 0060 activity in

axperiments using Co
the form of cobalt(II) were added to solutions containing
0.5 g complex per 20 ml of water. To these, 0.25 g of
IRC-~50 cation exchange resin in the potassium form were
added for each 20 ml of solution., Sanples were taken before
and after shaklng the solution wlth the resin for varying
periods of time. It was found that after 1% minutes only
2-3 per cent more of the activity wos removed from the solue

tions by further treatment with the resin. Therefore, in
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all of the following separations the rosin was shaker with
the solutions for only 15 uinutas,

The complex solution rormally had a pH of about 5.8,
but initial pH values of 3.1 up to %.8 were obtained by the
addition of the cobalt tracer in dilute HC1 solution. In
this range the fractional soeparation appearad to be inde~
pendent of the initial pHe In a series of seven expoeriments,
a separation of 96.4#*1.7 por cent was obtained when the
final pH was betwean 6.5 and 9.5. At pH values above 9.5,
deconpogition of the conmplax was observed and the sopara-
tion efficicney dzerzaseds. The dzcrease in separation
efficioncy may be dus to the formation of a precinitate of
cobalt(III) hydroxide which sither carries or oxchanges
with the active cobalt(Iil). At final pH values much below
645, thoe capacity of tho resin is low due to reversion of
the resin to the hydrogen: forme The presance of ammonia In
the pH range of 6.5-9.0 also reduced the efficisncy of the
separation.

It was found that quantitative removal of tha cobalt(II)
activity on the rasin could be accomplished in a few nminutes
by heating the resin with two 10 ml portions of 6 I HCl.

Blectrodeposition., A1l cobalt counting samples ware pre-

pared by electroplating the cobalt on platinum discs 2.5 cn

in diameter. The deposition was carried out 1n the apparatus
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previously described. The completeness of the deposition
was tested using 0060 as tracers. Using the following pro-
cedure it was found that at least 99 per cent of the 0060
activity, in solutions having a volume of 5-10 ml and
containing 0.5-3.0ng of cobalt carrier, was removed in
15 ninutes with a current of about 1.5 amperess A4 solu=
tion of 00012 fron which most of the HCL had been evapoOe
rated was taken up in 15 I ammonia and O.3-0.4 g HHhCl and
042«0.3 g hydrazine dihydrochloride were addad. (The
hydrazine dihydrochloride i1s necessary to prevent formatlon
of cobalt(III). If much cobalt is present it may be neces
sary to add more hydrazine dihydrochloride.) It was some=
times necessary to add ammonia during the eclectrolysis so
that a strong odor of armonia could always be detected zbove
the solutiorne.

In the first experiments a rotating platinum anode was
useds However, in blank runs an incerease in sample welght
of about 0.1 mg was noted. Brophy (60) has roported similar
high results using platimum anodes and attributed the welght
incresss to deposition on the cathode of platinum which had
been dissolved from the anode, presumably by chlorine
evolved during the electrolysise. Our results scen éo verify
this sirce vhen graphite anodes vere used no incresse in

weight was observed in the blarnk runs. In the following



depositions spectrographleazlly »ure graphite rods 3/16 inch
in diameter vere used as rotating anodes. Blanks were agoln
run and no Increasc in welght was observeds. A cobalt(II)
carrier solution was praeparad by dissolving 0.8071 g of
00612.6320 in 200 ml of water. If the composition of the
salt corresponded te tho above formula, the solution should
have contaired 1 nmg/ml of cobalt(II). TUsing aliquots of
this solution, a series of cobnlt samples was electroplated,
washad with acetone, drisd and weighed. The cobalt was
digsolved from the »latinunm discs and the weight determlned
colorimetrically by the nitroso-B-salt method using the
Klett-Summerson photoslactric colorimeter (61). The results
obtained by the colorimetric method and by weighing the
cobalt samples are comparaed in Table 7.

Using the colorimetric method the cobalt(II) chloride
carrier solution was found to contain 0.95 ng/ml rather than
1,00 mg/ml. One reason for the low results obtained colori-
netrically may be that somo cobalt was not racovered in the
procaess of dissolving it from the platinun dises. Also,
these samnlas had to be diluted from 50 to 1000 tines siﬁce
the nitroso-R«salt nethod is used in the recion of 5 ug/mi.

Preparation of complex from getive cobalt, To doter-

nine the relative rate of formation of Co5%Mm to that of 0058,

it was necessary to prepare lbo(CQOu)jr:from the active
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Table 7« Amount of Cobalt in ITlectrodeposition Samples

CoCl Welght Error* Welght# Error* Trroriks
c er (ng) () (ng) (7) (%)
(m1)

Oel 0.11 +10.0 Ce09 w1060 -5e3
0e5 051 + 240 Ouli5 «1060 ~5e3
1.0 1.06 + 640 0.95 - 540

2.0 2005 + 205 1089 - 5‘5 "005
4,0 ’%05 +1e3 3.78 - 5;5 0005

* Trror if l.00 nl of cobalt carricer solution equal 1.00 nge
# Weight deternined by nitroso-Besalt method.

% Trror if 1.00 nl of cobalt carrier solution equals
0195 nga
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cobolt obtained in the Szilnrd-Chalmers process.  Since

1-3 per cent of the complex was found to decompose during
irradiation, one could estimate the amount of cobalt to be
converted to the complex. The preparation was carried out
by addition of a slight excess of 21l reagents to Insure

ag complete conversion as possible. Instead of precipi-
tating the crystals of the complex it was allowed to remain
in solution. A rosin scparation was then performed to re-
move any cobalt not converted to the complex.

Co%0 in trace amounts ac cobalt(II) was added to a
solution of the complex prepared in this waye. A resin sep-
aration was performed o determine 1f the presence of the
eXxcess [czoh]: remainirg irn the solution after synthesis of
the complex would dscrease the separation officiency. The
average efficiency for five such separatiors was 97.5 0.6,
about the same as that found previously. After the separae-
tion the pH of the solution was adjusted to 4.9 with a small
amount of HC1l and stcred in the dark at room temporaturce
About 19-20 hours later more Co®0 was added and another
resin separation was performed. A separation of 97 per
cent was obtained which 1s nearly the same as in previous
experiments.

In order to be cortaln that 10 oXe

change between cobalt(II) lon and cobalt in the complex
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anion occurred during this period of storage in the dark,
Ccéo as cobalt(II) was added to o solution of the complexe
The pH was adjusted to 3.5-%.5. After standing in the dark
for 19 hours a resir secparatlion was performed. It was
found that 98 per cent of the activity was separated from
the solution. Apparently then, no exchange occurs at thils
pHe Ilowever, care was taken to keep the solutions acid as
decomposition of the complex may occur orn long standing at
pH values above 6. Experiments similar to the one just
desceribed were conducted by allowlng the complex to stand

at pH values of 6 and 7 and separations of only 82 per cent

and 81 per cent respoctively were obtained.

Experimental procedure
Relative yield and half-life determinations. For cone

(53
parison of the Co’ " ama cll

yiclds, 1-1.5 g samples of

K3 [Co(C,01,)3]+3H,0 erystals were irradiated for one hour

at the maximum encrgy of the Iowa State College synchrotron.
For counting Cll, a sample was prepared by spreading a
weilghed amount of the K3]Co(020u)3].3H20 crystals evenly
over a 2.5 cm diameter circle of scotch tape mounted on
cardboard. The sample was thon covercd with scotch tape and

the deeay followed with an ende-window Geiger-lfueller counter
for nine to ten half-lives of the Cll. The remainder of the



conplex was dissolved in water a~d the activity separated
as cobalt(II) on IRC-50 cation exchange resin. The actlvity
was eluted from the resin with 6 ¥ HC1l and the cobalt
electroplated for counting in the gss flow counter. The

58u was carefully followed to determine its halfe
58

deecay of Co
life. Very little 72d Co” activity wass present in the
samples from these short irradiations so a 5 g sample of
complex was irradiated for 30.1 hours to obtain enough for a
measurenent of its half-life.

6060 Standardse The cll counting rate was compared to
the counting rate of a 0060 primary standard prepared by
electroplating 0060 with 0.9 mg cobalt carrier on platinume.
Its absolute disintegration rate was determined by F. J.
Hughes from coincidence measuremertse The counting rate of
the standard had to be multiplied by the factor, f, de-
fined by eguation (2), p. 30 to give the beta counting rate
corrected for 1.9 mg/cm2 absorption 1in alr and 2.3 mg/cm2 in
the mica window. Thils factor was found to be 1l.39 by extro-
polation of an alumirum absorption curve from vhich the gammae
ray component had been subtracted. It was also necessary to
maltiply the beta counting rate of the primary standard by
the factor, B, to correct for the backscattering duc to its
platinum backing. B was determined experimentally to be

0.64 by comparing the counting rates of a nearly weightless
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Co% source evaporated on a zapon f£ilm with, and without,
infinite platinum backscattarer.

The cobalt samples were comparad with a secondary
0060 standard preparad in a similar nannsr. Its absolute
disintegration rate was deternined by comparison with the
primnary co%0 standard. No backscattering corrections were
necessary in the flow counter as all tho samplas were
electroplated on platinum (p. 39).

Solf-absorption in co50m samples. In order to calw
culate the absolute disintegration rate of the Co2oR
sanples, it was necoessary to deteormine the self-absorption
corractions for different sample thicknssses. A 4,015 g
sample of K3[bo(cgoh)3].3H20 was irrodiated for onz hour in
the synchrotron x-ray beam. The cobalt activity separated
from the complex was dlluted to exactly 200 ml. Samples of
1, 2, 5, 10, 15, 20 and 25 ml wers clectroplated on 2.5 cnm
diameter platinum dises for counting. The samples were 2 cn
in diameter and had an area of 3.1k cm?., Samples of 15 ml
with 0.6, 1, 1.5, 2.0, 2.7 and 3.5 ml of a carrier sclution
containing 1 me/nl of cobalt{(II) were also prepared. The
results are showm in Table 8a., Fron the total weight of
cobalt in these samples, the concentration of the active
solution was caleulated to be 0,027 mg/ml. Therefors, the

total amount of cobalt resulting from decomposition of the
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Table 8a. Self-absorption Data for 0o Sanplaes

#Fnhicimess
on basis
Added Observed conce of Activity Trans-
Sample carrier thickngss solutign per ml mission
{nl) (mg) (ng/em=)  (ng/cn=)  (cts/min) (%)
1.0 0,010 0.009 860 730
2.0 0.032 0,017 1245 106.0
240 0,029 0,017 1335 113.6
5e0 0.051 04043 1320 112.3
10,0 0.067 0.086 1217 103.6
15.0 0.130 0.129 1074 91.%
15.0 0,124 0¢129 1136 9646
15.0 0.6 0.318 O.aﬁp 835 72.8
15,0 1.0 0. 449 O 447 690 8.7
15.0 1.5 0.618 0.606 550 oG
15.0 2.0 0.786 04766 479 40.8
15.0 2.7 0.981 0.991 372 31.6
15.0% 3.5 1.190 1.243 290%% 24,7
20,0 0.156 0,172 o974 82.9
2540 0.213 0.215 90k 7649

# Solution concentration was computed from the total of the
observed weights of the samples and the total volunme of
aligquots (column 1) used in the sanples.

* Onittoed in calculation of solution concoantration

*% Corrected for chemical yield
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complex during tho irradiation was 5.% mg wvhich corrospords
to dseconpogition of l.1 por cent of the complex.

A self-absorption curve has been plotted from these
resultse The counting rate per unit volume was plotted
against tho thicikness of the sanple as determined from its
sctucl weighte TFor ore case in which it appsarced that the
electrolysic was not complete, the counting rate was correct-
ed for chemical yield. Ironm this curve, using 1175 as the
counting rate at zero thickness, the counting rates were
converted to fractional tronsmission so that the selfe
absorption corrsetion ecould be quickly read for any sample
thickness (Figure 2)e The dashed line extrapolaticn to zero
and the remainder of the curve show a rz2arly linear selfe
absorption of the 17 and 2% Kev convorsion electrons, vhich
have ranges of 0.6 and 1.1 mg/em?, respectively. Wher the
range of the conversion elesctrons has been reached the
counting rate might be expoected to ducrczase as the reclps
rocal of the thicknesse Such a trond 1s indicatzd in
Pigure 2. The first very steep portion of the curve may
be due to absorption of tho cobalt Auger cloctrons smitted
following the Intorral corvorclon procesce These leetrons
have an encrgy of approximately 6 Keve 3y extrapolation of
range~snergy curvas for beta-particlss thelr range can be

cotimated to be 0.08 mg/en,
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Figure 2. Self-Absorption Curve for CoJ0m



[~4
ton of Co’” to Cg?sm. To detere

mine the relative ylelds of Co’C and Co?%™ 1t was necessary
to irradiate 45 g samples of tho complex. Using the cobalt
activity separated from the complex, a solution of[Co(Cgol‘_)B]E
wag preparads A resin separation removed any cobalt not
convertaed to the complex. The pH was than adjusted to
3e5-%.5 and the complex was stored in the dark for 19-22
hours. At th2 and of this time another resin separation was
performed. Counting samples werse preparad from the complex
solutlon and from the cobalt activity sluted from ths rosin.
From the ratio of the counting ratcs of these samples the
rats of formatlon of 0058 to 3058m was calculated,
Besulls

Activitieg produced. In tho cobalt yleld samples a
half-life of 9.2 £0.2h(Figure 3) was found together with a
very low intensity of a longer half-life. By following the
long activity produced in a 30.1 hour irradiation, this half-
1life was found to be 72.0:2.0 days (Figurs 4). From mag-
natic deflection exporimonts it was found to emit positrons,

Bm
These two periocds wera attributed to 005 and 0058

s raspsct-
ively. No aviderce of tho formation of the 270d Co”/ by a
(¥42n) roaction was found. A half-life of 20.5m, which is
in agresmont with previously raported values (24), was found

for ths cll countad as a yleld standard.
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Caleulation of relative rates of formation of o8

isomers., A solution of [00(0204)3]: was prepared from active

cobalt as previously described. From the ratio of 724 0058

activity found in the complex to that ejected from tha cone

plex by dscay of Co98m to €098 in a certain period of time,

the ratio of the rate of formation of Co%3 to that of Co8m

has been calculated. Using the standard expressions for

radioactive growth and decay the calculation is as follows.

By

i A

aquals
equals
equals
equals
equals
equals
equals
equals
eguals

equals

rate of formation of Co5om,

rate of formation of CoJ9S,

number of Co’Sm atoms.,

rumber of Co%8 atoms.

number of Co%8% atoms at ond of irradiation.
mumber of Co% atoms at end of irradiation.
0.693/9.2h, disintegration constant for CoJ0m,
0.693/72d, disintegration constant for CooS.
period of irradiation.

period from end of irradiation to end of

first separation.

t" equals pericd complex was allowed to stand, the

time slapsing between first and second resin separations.

The growth of co%8m atoms during irradistion is given

by:

AN = R - AN,

At

(3)



Integrating for the period 0<t <7 for constant beam
intensity glves:

AT
° _ K ] -—e 1
yow (e o
At tho tine t¥ after irr: diation:l
o A, X
= 1 1
/\/1 1() 1 e
- o, 27
= 1&. (I—e.AIT)e .
P
g (5
The growth of Co58 atons during irradiation is given
At (6)

Integrating for the period O*<t‘<T‘ gives:
o] /Q 7‘ T ﬂl ——]\ s _)\ ot
- K BT v )
2 2, ]’1_))2 (7)
At any time t aftor irradi-tion:

4 W, :]\A/l‘hz/va
AL z

(8)
At the time t' after irradiation: ,
o A, £ 0 YE AR W ~
Wo- o )= weE o w )
)&~A
=R rh g AzTe—'\zf'+ T T) Az’
] (e e
1 A /) (9
°, mA At
+i Nl (e 1 _ . )
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After the second separaiion, the ks separated from tThe
complex will be only the amount which has formed from decay
of the 9.2h Coso‘ hatween the first and second separations.

Therefore, the number of Co98 atoms on the resin, i,(r), is:

p At (N, - Ny )"
Ny la) = Ny (A0 22 ™50 (o / (10)
1772
OI‘, if A AL X Jmull' / Jé”
A, A -M
At 1 _
N, (n) = Ny (£)0-e771 ) =My (1-< / (11)

The nunber of 0058 atoms left in the complex after
the second separation, Kz(c), will be equal to the 724
activity present at the ond of the first separaticn tives
the decay factor plus tho 9.2h activity repcining in the
complex which will decay to the 724 activity.

A, A" ] A, XA
()= Ny (AN ) e Wy (A7) T (12)
From the ratic, F,y(e)/ly(r), and the anount of 72d

activity found exporimentally in the complex and the rosin,
Eg/Rl car: be calculateds An exariple of this calculstion for

a typical exporinent is presonted.

7 = 1.0h MT= 0.0753 NoTa 0.000401

t'=z 2.1h Ait'z 0.1581 Notts 0.0008k2

t¥s 21.2h Aptte 1.596% Motz 0.00850
ly = 0.097Ry

O

k5 = 0+033Ry t R,
K (t') = 0.828R;
Eo(t') = 0.17%7R;#0.9992R,



Ny(e) = 0.341R; #0.991R,
No(r) = O.660Ry
Ho(c)/Ny(r) :,O.3hlﬁl*'0. 991R,/0.660R; = 0.517*+1‘56232/Rl
Ro/Ry = [N,(e)/Ho(x)=04517//14 502

In this experiment the 72d activity separated on the
resin, Ay, was 43,9 #2.1 cts/min and the 72d activity re-
malning in the complex, A,y was 58.8 ¥ 2.3+ (The uncertaine
itles in these measurements are based on the standard de-
viation due ﬁo the statistical fluctation in the counting
rates.) The ratio of the 724 activity in the couplex to
that on the resin is equal to the ratio of the number of
atous of 0058 in the complex to the number on the resin,
Ré{c)/ﬁg(r). By counting the samples immediately any 9.2h
activity present in them could be detecteds In the resin
sample 3.8 per cent of the total 9.2h activity was found
indicating 3.8 per cent decomposition of the complex either
while standing or during the f{irst or second resin separa-
tionse A correction was made for this decomposition. The
correction proved to be independent of the time at which the
decomposition occurred. No self-absorptlon corrections were
necessary as the weights of the complex and resin samples
were nearly the same, 0.52 and 049 mg/cmz, respectively.
Since resin separations have been found to be 97.51 0.6 per

cent efficient a corraction was made for the efficiency of
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the second resin separation. A correction for the effi-
ciency of the first separation in removing any cobalt(II)
not convertad to complex was not necessary in this experie
ment as two consacutive resin separations were performed
before the standing period. The correction would be
(0.025)2 times any unconverted activity and would be neg-
ligible. The calculation of Ny(c)/No(r) and Ry/R; is
1llustrated below. The results from three determinations

of Rp/R; are summarized in Table 8b.

Ap = 58.8%2,3~ 5'5*3956 (43.9+ 2.1)

= 57.7:"-2.3
Ap = 43.912.14,%551-066 (43.9 £2.1)
o) e
= 45.0£2,1

AC/AI' = Eggz-":Zga +§30859‘6ag§§;§;a512¢§§
D221 - 30 912 sl 24

»n O o+ » - 4 l.1+05 :':00069
207 +2.,1

R?/Rl -4 0""‘0 -D' On l -4 01592 i0.0%
B 1,502
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Table 8be Determinations of Rg/Rl

Sanple
T z' t"  corrected thic}:nsss Decomp.
(hours) (hours) (hours) A,/A,  Rp/Bp  (mg/cn®) (%)
e A
1.0 5.65 19.03 2.46 724,19 W17 o3k 73
=065 1.93 2147 1.35 .69+%,11 .13 09 124
of T 0.13
7&:0027
1.0 2.10 21.20 1.405 L59%05 .52 19 3.8
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In experimonts one and two only one separation was
poerformad to remove the unconverted cobalt activity so a
correction was made on the basis of 40 %5 per cent conver-
sion of cobalt(Il) activity to complex. This value was oOb-
tained by counting the activity oluted from the resin usad
in tho soparations. Self-absorption corractions wera also
appraciable in experiments one and twos W. Le CGraf, C. L.
Comar and I. Be. Whitney (50) have detormined the self-
absorption curve for the 0426 lev bata of ca*% in a windowe
less counter. For sample thicknesses under 2 mg/cmg, the
correction may be nearly independent of enargy since the
radiation baing sbsorbed is probably very soft radiation due
to backscattering., As shown in the section on backscattering,
the backsecattering of nearly weightlass beta sources on
platinum appears to be independent of the ener-y of the botae
enitterss The sclf-absorption corrsctions applied in experi-
nents one and two were interpolated from the curve for calts,
They are therefore necessarily quite approximate and may
account for some of the varlation in the calculated Ro/Ry
valuess. By welghting the values as 14-2, an average value
0f 0.61 £0.0% was obtained for the ratio of ths rate of
formation of Co%8 to that of Co%® for a (),n) rcaction.

Cameron and Katz (62) have reported nsasurements of

the yields of the isomeric pairs from (¥,n) reactions in
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Ergl, 72r?0 and 1092, In each cas: the yield of the isomer
fornmed with the smsller spin change in the reaction was
favored by a factor of 3:1 to 5:1 which they propose is a
fairly goneral result. In the case of the (J,n) reactlon
on Co59 the spin change is the same for the formation of
elther isomer. (K. Strauch (19) believes the spin of coJ8
to be 5 and that of Co%82 to be 2. The ground state of Co?
(2%, p.5%) has a spin of 7/2.) If the relative rate of
fornation of isomers depends primarily upon tha spin change,
equal yields would be expected for such a case, The value
of 0.€1 obtained in these experiments i1s not incompatible
with this hypothesls. However, it also agrees, within
experimental error, with the value of 0,59 roported by
Strauch for the formation of the isomers by alpha-particle
bombardment of nangenese. Such agree:ent would be prodicted
by the compound nucleus mechanism of photonuclear transforma-
tions,.

Calculation of the yisld of Co%0M polative to Cll,
The yileld of CoPS rolative to ths yileld of €11 was deter-

mined by comparing the absolute disintegration rates of the
elactroplated Co50m samplos with those of the cll sauples
preparad as previously described. Such a copparison would
give the correct value for the yield of Co58m only if nearly

all of tho radioactive cobalt atoms ars ejected from the
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conplex during irrsdiation. To check the efficiency of the
Szilard-Chaluers process in K3[Co(0204)3].3H20, the bulk of
the coumplex was decomposed after the resin separation which
removed the activity used in the preparation of the cobalt
yield sanmples. All of the cobalt from th2 complex was then
elaectroplated on platinum and counted. In several experi-
ments only 2-% cts/min of 724 activity were found in thls
sample which usually had a thickness of about 25 ng/cn2,
A counting efficlency of 20 per cent was assumed for a
saniple of this thickness and on the basls of the total 724
activity separated from the complex and that found in the
cobalt from the decomposed complex, it was calculated that
only 2-3 per cent of the activs atoms remained in the com-
plex. Since the resin separation has been found to be only
- 96,4 %1.7 per cent efficient the Szilard-Chalmers process
in synchrotron irradiations of K3[Co(0204)3].3H20 appears
to be 100 per cent efficient.

The absolute disintegration rates of Co0m ang ¢ll
were deternined in the following manner. The decay of
the samplos was followed for seven to eight half-lives and
the intensity of each activity at the end of the irradiation
was determined by extrapcolation of the decay curves, Counte
ing rates were convarted to disintegration ratas by compari-

son with the Co®0 standards eounted with exactly the same
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Co58m Yield Determinations

Irradiation  Activity 1o ¢80 standara co®0 standard sample Thickness Wt. Complex R Rcogsm/ u"
time (hours) Measured (cts/min) (cts/min) (ais/min) (mg/cm=) Fraction (g) (dis/min g complex) Re Average
11 4 5
c 3100 6440 6.793 x 10 15.7 0.0830 5.06 x 10
1.00 58m 3 5 5.56 5.56
co 3860 2115 2.90 x 10 0.347 0.2300 4.78 x 10
!t 3560 6313 6.815 x 10* 15.2 0.0806 6.07 x 107
1.03 co>o® 6100 2180 2.91 x 103 0.382" 0.3945 4.26 x 10° 4.16 .42
co58® 7500 2180 2.91 x 103 0.319 0.3945 ».77 x 10° 4.68
cll 6110 6330 6.720 x 10% 15.0 0.079% 1.05 x 106
1.00 Sém . » 6 6.08 6.08
co 30400 2180 2.87 x 103 0.h42 0.8475 1.13 x 10
el 9000 6414 6.689 x 10* 15.4 0.0814 1.47 x 106
1.00 co56m 15800 2162 2.86 x 103 0.268 0.3460 1.05 x 10* 4,58 4,51
co58m 23100 2162 2.86 x 103 0.500 0,8060 1.01 x 10% 4.4y
cll 12500 6696 6.663 x 10* 14.8 0.0785 1.96 x 108
1.00 o058 40000 2162 2.85 x 103 0.308 0.5048 1.78 x 10° 5.40 5.45
coot® 47500 2162 2.85 x 103 0.261 0.5552 1.80 x 106 5.50
ci? 9200 6113 6.426 x 10* 16.3 0.0833 1.49 x 10°
. co58m 17940 2120 2.7% x 103 0.131 0.2940 1.24 x 10° 5.00 \
1.00 5.0
co58m 18940 2120 2.74 x 103 0.124 0.2940 1.31 x 106 5.26
coS8m 9300 2120 2.7% x 103 0.618" 0.2940 1.21 x 10% 4,86 i

* Cobalt carrier added.

**yi1elds in these ratios are based on a target element of one gram-atom of naturally occurring isotopes.
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geometry. The counting rate of the co®0 primary standard,
which was counted with the ¢l sample, was corrected for
absorption and bacitscattering as describad on p. 48,
Corrections for backscattering, self-absorption, absorption
in air and counter window wers applied to the C}1 and Co5%m
sarples. The combined factor (fS)(B), dafined by equation
(2), ps 30, for a cll sazple of 0-20 mg/cm? coverad with
3¢5 ng/cn? cellophans and counted on tha second shelf 16 mn
from 2 regular end-windov Goipor-luzllor tubs i1s 0.85
(49, p. 61). Ty for 9.7 ng/en? absorption by the niea
counter window, air and the scotch tapc covering, which
is 5.5 mg/en? thicker than cellophane, was deternined to
be 1.16 from an aluminum absorption curve of a similar
weight ¢ll sample counted with the same geometry. The
saturation disintegration rate, which is equal to the rate
of formation R, can be found by dividing the disintegra-
tion rate at the end of irradiation by (l—@‘h1v). This
calculation will be valid only if the intensity of the
synchrotron bean was constant during the irradiation. 1In
all of ths yield determirations thls was shown tc be the
casa by a tape reéording of current from the ionization
chanbaer used to monitor the beam intensity.

The Co5om sanples were corrected for sclf-absorption

using the experimentzlly determined curve shown in
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Figure 2, ps 52. The absolute disintegration rates were
determined by comparison with the secondary co%0 standard.
The Co%8M rates of formation were mltiplied by six before
comparison with those of cll since thers were six carbon
atoms for every cobalt atom in the complex. The yield
ratios wers, therafore, calculated on the basis of the
naturally occurring isotoplc nmixture. The results for the
yield determinations arc given In Table 9. An average
value of 5.2 0.7 was obtained for the raote of formation
of Co98m to that of ¢ll, 1If a correction is made for the
96 per cent efficioncy of the rosin separstion this value
becomes S.4. The total saturation yield for CoJ8 and
Co%8M 111 be 1.60(5.4) or 8.6 relative to Cll. For the
reactions Mi%8 (¥,n) 1i57 and cub3 (¥,n) cub2 relative to
the reaction C+2 (¥yn) Cll, Perlman and Friedlander (W4, 45)
have reported values of 2.7 and 14.3 respectively. The
value observed for Co%8 and CoP0® seoms, thorefora, to be

in line with their wvalues.



-67-

X~-Ray Irradiation of Platinum

Objectives

Irradiations of platinum in the x-ray besn of the
synchrotron wer: carried out with three main objectives
in mind: (1) the identification and characterization of
the osmiuwm, iridium and platinum activitiss produced by
irradiation of PtCly.xH,0, (2) the determination of the
yields of all the activities formed relative to that of
the C13% formed by a (fyn) reaction in ¢135 ana (3) the
attainnent of high specific activities of platinum by the
Szilard-Chalmers process in soma couplex compounds of
platinum.

Grinberg and Filinov (63) have reported that there is
no exchange of the central aton in platinum ecoordination
complexas. Inergy consilderations have shown that all of
the active atoms should be ojectad from the platinum cone
ploxes. Therefors, if thoe complex does not decompose upon
irradiation and the active atoms do not raform the originsl
couiplex, high specific activitics should be attainable if
a suitable separation procedure can be found. Before
effective separation proéeduras could he devised some
kniowledge about the oxidation state and chenical form of

the ejocted activity had to be obtainad.



rocaedura

Separation of osmium, iridium and chloring from

platinum, Standard procedures (6%, 65) were used for the
sagparation of osmium and iridiun from platinum. Osmiunm
was soparated by distillation from concentratad H§O3 as
050y, (6%, p. 143). The 0s0y, was collected in 6 N LaOH

and 0sSy, was rracipitated for counting by passing I,5 into
the warm solution. The HI%O3 was ramovad from the original
solutlon by soveral evaporations with HCl., Iridium was
then precipitated as the hydrated oxid: according to the
procedure givan by Treadwell and Hall (64, p. 1ih5). It
was found that in the seporation of 5-10 mg of inactiva
iridium earrier from k-6 g of sctive PtCly«xH-0 from which
the iridium activity had been raroved by several prscipitoe-
tions of IrO,, platinum activity was carried with the Ier
precipitate. If the Ir0, was dissolved and reprecipltated
after the addition of 20-30 ng of platinum carrier, the
IrO2 was obbtained free of zctivity. However, in most of
the irradiations, the Ir02 sample was dosirad for counting
as soon as possibla after the end of the irradiation so
only one precipitation was performad. After precipltation

of Ir0, the platinum was precipitated as the metal from

2
dilute HC1l solution by the addition of powderad maghesiule

The sample of chlorine activity used as a yield stand-
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ard was preparad lmmedintely from 100-150 mg of the irra-
diated Pt01g.xH20. The salt was ovaporated with a slight
excess of ﬁa2003 and heated until it just fused. The
melt was extracted with water, acidified with HI'O3 and
AgCl was pracipitated with AgROB.

All of the osnium, iridium, chlorine and platinum
sanmples were filtered using the apparatus described on
P« 26, The Whotman no. 50 filter papers used in filtering
had been troated with the wash solution to be usod, washed
with alcohol and ether, drisd in the oven at 90° C. and
velghed. The samples of activity were similarly washed,
dried and weighed to deternine the weight of esach precipi-
tates All counting samples were then nounted on cardboard
and covared with cellophane or scotch tape.

Preparation of visld and half-life samples. The irra-

diation of platinum metal was inconvenient since dissolving

it in aqua rogia was time consuning and the HEOS had to be
destroyed before the IrO2 could be precipitated. Theraefore,
in the yield and half-life studies -6 g sauples of PtCly.
xH,0 wore irradiated for about 1.5 hours in order to obtain
enough iridiwnm activity for counting. In ths investigation
of the wvery short iridium activity, a 1 g sample was irra-
diated for 1% uinutes. If only platinum and chlorins

sanples were desired, 1 or 2 g samnples were lrradiated.
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If osmium and irddiun suziples were to be prepared 10 ng
of osmium and 5-10 ng of iridium ecarrioer worzs immediately
added to the solution of thoe dissolved target salt so as
to insure exchangoe betweon carrier and active atoms. In
some of the experiments, 5 mg of phosphorus carrisr were
addad to preovont carrying of any phosphorus activities
formod by photonuclear reactions on chlorirne (66). All
sanplas were welghed to deternmine the chemical yield and
were mounted for counting as described in the precoding
section,

Methods for separation of radioactives platirum from

irradiated platinum complexes. There are many chloro-

and chloroamnmine- conplex compounds of vplatinum which may
be casily preparaed. Anong these are the compounds K2Pt014,
K~PtClg, [Pt(ﬁﬁ3)201#}, [?t(NH3)41012 which were chosen
for studye. [Pt(ﬁﬂ3)h1620u which can be readily preparced

fron l?t(EHB) ]Clo was also studied. Mothods of separation

L
of thoese platinum complexes from complexes in which the
platinun activity night be prosent after irradisntion were
investigated.

The radicsctive platinum atoms formoad whon aither
solid KQPtClH or KQPtClé are lrradiated may be presant in
a different oxidatlion state than the platinum atoms in the

targot compound. By addition of platinum(IV) carrier to a
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solution of the K,PtCly and pracipitation of (RHM)QPt016
by the addition of NHCl, active atoms presont as PtCléz
should be removed. There is 21so ths possibility of carry-
ing other conplexes prosont in nmicro crounts and aven sone
of the dissolved target compound vith the precipitate.
Aftor addition of PtCly holdback carrier to a solution of
irradinted KZPtClé, pracinitation of (Kﬂu)29t016 should
cmove PtClé: and leave activity praesont as PtCIhf in the
solution. Again, micro amounts of other complexcs and
some PtClhf mnight carry with the preecipitate. If the
proecipitation wer: incomplote sone Pt016= might renmain with
the PtClnf, but this could be determined from the woights
of the samplces and their specific activities.

Separation of activity present as chloroamuine-,
chloro- or other conplex anlons aftor irradiation of solid
[Pt(ﬁﬁ3)2014] was attesnpted by adsorption on anion exchange
resin, Duollte A-2 and IR-4B resins in either the oxalate
or acetate forms were found to romove Pt016: from solution.
The platinum covld be racovared from the resins by treat-
pent with 6 N HCl. Preliminary experinments showed that
shaking the yellow-orange solution of [Pt(KH3)QClh”]with
Duolite A-2 resin in the ascotate fornm resulted in some
decolorization of the solution. Slow lonization of the

complex followed by adsorption on the resin probably



occurred. It was expaected that any platinum activity
presont in the form of an anion togethor with some plati-
mum from the complex nmight be separated from the bulk of
the complqex in this nanner.

Similar resin scparations wers performed on solutions
of irradinted [Pt(:my),Jo1, ana [Pe(my)yJc 0. A lares
excess of resin over the amount necessary to adsorb the
total milliequivalents of chloride or oxalate ion present
was added so tha resin might be expected to adsorb other
anions from the solution even though chloride lon might
be preferentially adsorbed. [Pt(NH3)41020h was preparad
by shaking solutions of [Pt(FHj)yJCl, with IR-MB resin in
the oxalate form. [Pt(EH3)k]Czoh is less soluble than
[Pt(ﬁHB)h]Clz and could easily be crystallized when acetone
was added to the solutions which had been shaken with the
rasine.

Extraction experiments showed that PH(NH,)y  does not
extract into butyl acetate from a 6 I HCl1 solution. Since
HQPt016 cannot be extracted into butyl acetate vhile HQPtClh
can (65), activity present as PtCI#: or possibly other
platinun(II)chloro~ or chloroammine- complexes could he
separated by butyl acetate extractions. Interforence fronm
iridiuvm activities would be eliminated since Iridium does

not extract into butyl acetate.



Precipitation nethods were also used to try to sepa-
rate activity from the complexss. Addition of PtCl,~ to a
solution containing Pt(mﬂs)éfr immediately precipitates
lagrus' green salt, [Pt(IHy),]PtCl, (55). Addition of
PtCly rosults in the formation of [Pt(FHy),JPtCl, vhich
deconmposes slowly at room tampsrature and rapidly on boiling
to Magnus'! green salt. The first method of procipitation
night carry activity present as PtClLF= if exchange between
the PtClgf in the solution and in the preclpitate occurs
rapidly. The sacond method would be expected to be mors
effectiva in removing activity proesant as PtC16=:or Ft014=
since the precipitation is slow and conditions would be
more favorable for exchange botween the actlive and carrier
platinunm atoms. Either precipitation metheod might carry
fractional asmounts of actlvity present in the form of
other couplexaes.

If the platinmum activity is presant in micro quanti-
ties as a chloroamnine complex only slightly different from
the irradizted complex, such as [Pt(NH3)2012] wvhich forms
whon [Pu(Il,), )1, is heated vith HOL (55), complote sepa-
ration of the activity from tha complex by any of the
methods just described may be impossible. In this event

some gelatinous precipitate such as Fe(OH)B might be
effective in scavengling the activity.
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Calculations and results

18h platinum getivitye In the caleculation of the yisld
of the 18h P97 (Figure %) formed in the irradiantions of
PtClh.xHQO, corractions for self-absorption and scattering
due to the thickness of tho samples were necossary. For
sanple thicknesses less than 15 mg/cmz, the corresction
factor for conversion of tho obscrved counting rate to the
absolute disintegration rate for a 0.6 ilev beta-cmitter ars
given by Ingelkemeir and others (49). (The 18h Pt197 enmits
a beta having a maximunm energy of 0.7.) lost of the plati-
num samplas prepared in these studies were thicker than
15 mg/cen? and 1t was necassary to detormine the corrections
experinentally. The counting rate por unit welght was
deternined by precipitation of sammwles of irradiated plati-
num of 19.3, 24.7, 38.5, 57.8, 77.0 and 86.5 ng/cn2. It
was not necaessary to add platinum carrier to any of the
sanples. A curve of counting roate por unit weight versus
sample thickness wvas plotted and matchad to that given by
ingelkemeir and co-workers (49, p. 60). From this curve
(Figure 6) tho correction factor (fS)(B) for sonples be-
tween 0 and 90 mg/cm2 thickness nounted on cardboard,
covaerad with 3.5 mg/cm2 callophane and counted 20 mm fron
the Geiger-iieller tube can be read. If the sample is
covared with 9.95 ug/cne scoteh tape instead of cellophanz,

the correction factor must be divided by 0.845. This valus



was found by comparison of tha counting rates of savples
covered with scotceh tape and with cellophane. The correc-
tion fwa for %.3 ng/cm? absorption in air and nica counter
window was found to be l.22 from an aluminum absorption
curve of the 18h activity.

The yialds of 2ll activities detected excont the 7n
and 704 iridium activities were detormined relative to the
18h platinum activity (Table 10). From the avarage value
of the yield of c13% relative to 18h Pt197, the yields of
all the activities relative to that of C13% can be calcu-
lated. Yields were determined on the basis of the natu-
rally occurring isotopic nixture rather than of a parcnt
isotope since some of tho activities can be formed fron
photonuclear reoactionsg on nore than one isotope and the
parent isotopes of some of the activities were not known.
The results from all of the yield determinations are tabu-
lated in Table 10. The Co®0 primary stardard wazs counted
with sach sanmple of activity. 1Its counting rate was cor-
rected for absorption and backscattoring as on p. 48.
Sineo C13“ has a maximun beta onergy of 5.1 lev, no cor-
rections for tha 4.5 mg:;/cm2 absorption dus to air arnd the
mica counter window were mada. The combined correction
(£4)(B) for Cl3ulwas talkton from data given by Sngelkernzir

and co-workzars (49, p. 61) for a 2.5 lev beta-snltter.
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Yields of Activities Produced
in Irradiastions of PtClu.xHQO

Irradiation Activity I snndnd c°60 Standard  Sample Wt., Platinum Wt, C Yield: 141
time (hours) Mezaured (ou?un) {cts/min) {d1s/min) 'nue ‘5n Fraction (g) gn Agcl( ) (du/lun wol Pt} tn.lﬂl.n ;:1;”" )Il:tiw:.
anple
Experiment 1 Irign 1340 4.5 1.084 6.91 x 108 0.060
9.6 Ptyg, 2750 37 6126 x 10" 338 oanm 1.15 x 108
Phyg a3 BA oart 3. x 108 2.99
Experiment 2 Irp 3n 2080 3728 2.0 1.421 1.43 x 107 0.026
1.6 Irion 670 3728 2.0 1421 2.73 x 107 0.050
’ Ptgg, 1245 3173 6.111 x 10 26,0  0.138 8.7% x 107 0.161
(intersittent I, ® 1.91
irradiation) Ptyg, 810 3173 26.0 0,138 5.0 x 108 M 1oy an
Ptyg 88 3173 26.0 0,138 1.09 x 109 2.01
Experiment 3 Cl3m 660 4352 22.6 0.030 9.05 x 106. 0.087
Clyze 2900 352 9.7 0.120 8.95 x 105° :
.75 Ptgg 495 n73 6.087 x 10* 751 0.398 1.69 x 107 168
Ptygn 280 nr3 75.1  0.398 1.03 x 108
Pty 31 75.1  0.398 2.79 x 108 2.1
Experiwent ¥ Clyy, 3010 a3s2 37.0 0.019 2.68 x 107" 0.086,
Irg.yn 1615 3709 2.9  1.763 9.38 x 105 0.030
Iryg, 523 3709 2.9 1.763 1.68 x 107 0.053 "
1.5 P 18n a0 a352 6.076 x 10 206  0.109 2.76 x 108 ‘9"/I«l_z - 1.7
Ptygn 925 ¥352 39.8 o.211 3.39 x 10° '
Ptag 106 352 9.8  o.n 9.16 x 168 2.98
Experiment 5 Clys, 1450 352 32.% o.082. 1.8 x 107" 0.092
Irp.a 980 3728 2.3 2.0 N.4% x 106 0.028
15 Iryon 325 3728 6.066 x 104 2.3 2.056 8.82 x 108 0.057 Trion, - 1.99
Ptase 430 3201 271 0,183 2.86 x 107 0.183 Tra.mm
Pt18n 220 1201 271 0.3 1.56 x 108
Expertment 6 Clys, 1460 »68 32.8 0.003 1.20 x 107° o.127
6
Ir 1030 ITeT 3.9 2.0 2.71 x 10 0.029
3.25 2.3 6.0 x 204 % 5 = -
Iryon 355 37T 3.9 2,035 .79 x 10 0.051 19b/n_2 3; .
Pt58a 375 3129 28.0. 0,188 1.62 x 107 0.172 ’
Ptign 250 3129 2.7 0amn 9.42 x 107
: 13 -
Kxperiment 7 1rp s, 200 3715 11.3 9.44 x 10 - n“"/!rz.sn 1.80
5 Irygn 1700 3ns 6.027 x 10% 1.3 1.70 x 10°
6 5** 0d/, 2 1.08
1r70a 20 3715 1.3 1.76 x 10 Irign
7
mo;uont 8 Irg, 2260 3633 5.985 x 10% 8.9 2.01 2.08 x 107 n._,“/“ * 0.77
Ir704 18 3633 Ly 2.0 1,60 x 10 15k
Experiment 9 Ir7g 660 11 7.7 103" Iry, 0,27
rimen: y -le B n .
. 6 K x 10 » Ir
B e o 95 5.9%9 11 2.86 x 10" 2.3

¢ (d2s/min mol €1)
"(q:-/-tn in sample)

L4 Yields in these ratios are based on a target element of one grai-atom qr' naturally mugring 1sctopes.



Ld platinum activity. In the platinum yioeld samplas

a lov intonsity of a 3.5-4.04 activity (Figure §) was
present. The activity can probably be attributed to P23
together with a very low intensity of Pt191. The correc-
tions applied to tha counting rate of the 4d activity were
rather uncertain. ff, for 4.3 ng/er? absorption due to
counter window rnd alr was found to be 1.33 by assuming a
linear absorption of the 0.11 Mev conversion electron and
a rangs of 17 ng/ecm? in aluminum. The factor (B)(fg) was
found by extrapolation and interpolaticn of graphs given
by Engellkenmcir and co-workers (49, p. 61-64) for 0.2 and
O.l+ Hev beta~emitters. (The corresction for a 0.1l liev
conversion electron might be expected to be similar to
that for a 0.33 Mev beta.) The average yield of the u4d
activity was found to be 2.67 (Table 10) relative to
18h Pt197 or 27.8 relotive to c13%.

88m platipum getivity., An 88n platinum activity

(Figure 5) was also found in the platinum yiald samples.
It 1s probably the sane activity assigred by ths Burcaun
of Standards to Pt199%, (Cox and Laslstt of the Physics
Departnent of Iowa Stats College mesasuraed tha ensrgy of
the K and L conversion electrons with a crystal spzetronoeter
and obtained good agresment with the valuas of 0.32 and

0.26 tev previocusly reportad for this activity.
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(B)(fs) for the 0.26 and 0.32 liev convarsion elsctrons
crnitted by this activity was assumed to be nearly the sane
as that for the 0.7 Mev beta of 18h Pt197 and and was recd
fron Figure 6. fyf, for %.3 ng/cue was determined to be
1.0% by assuming a linear absorption of the conversion
electrons. The average yvield of the 88m activity can be
seen from Table 10 to be 0.170 relative to the 18h Pt+97
or l.77 relative to Cl3h.

Since there seemed to be some doubt about the mass
asgignment of this activity, an experiment was perfornmed
to determine whether the 88m platirum activity could be
produced by a photonuclear reaction on the stable auld?
of 100 per cent abundance. If the activiity is a metastable
state of Pt196 1t should be formed by a (¥,p) reaction in
Ml97 or, if 1t is a metastable state of Pt195 it should
be formed by a ({,pn) reaction in A%, The yields of
thesa two types of photonuclear reactlons have been reported
by Perlman (45) and lioses and partin (67) to be of nearly
the sanoe nmagnitude. As can be seen from Tabls 10 (X;p)
reactions in platinum are in all casos at least 0.02 of
the yield of the (J,n) reactions. Therafore, if the 88n
activity is a moetastabls state of elther of thao above
platinun isotopes 1t would be expected that it would be

produced in a yiold at least 0,01 that of the 5.6d Aul96.
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A l.2 g sanple of powdared gold was irradizted for
80 ninutes in the x-ray bean of the synchrotron. The
sanple was dissolvad in agua regia, platinum carricr was
added and two samplaes of (ﬂﬁh)thClé were precipitated for
counting by the addition of Nﬂh01. A 132 ng sample of
gold was precipitated from the filtrazte and counted.
Only 80 cts/min wers found in the first (Eﬂu)gPtClé sauple
when it was ccunted 1.5 hours after the ond of the irradia-
tione From a few scattersd points at the beginning of the
decay curve, it appeared that there might have been 15
cts/min of a short activity present at that time. Extrapola-
tion of these points using an 88m half-life gave an intensity
of no more than 4 cts/min of short activity at the end of
the irradiation. The remainder of the activity decayed with
a half-life of 5.6 days and could be attributed to Aul9¢
which carried with the precipitate. It had an Intensity
of 70 cts/min at the end of the irradiation. The second
sanple of (Kﬁu)thClé contained only 5 cts/mine. The 132
ng gold samplz had an intensity of 480 cts/min of 5.64 auto,
If the 40 ets/min in the first precipitate were dus to 88m
platinun activity the yleld relative to that of 5.6d Aul%®
was less than 0.00003. From these results it appears
highly improbable that the 88m platinum activity is a
metastable state of either P£l95 or pt199,
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If the 88m activity is on isomer of Pt197 it should
decay to 18h p¢l97 by the emission of conversion electrons.
This process would result in the chemical decomnosition of
a complex containing the 88n activity and 18h P+197 atoms
formed by decay of thoe 88m platinum activity would bs found
outside the complex. If 18h Pt197 could be separaited from
the complex, it would indicate that 1t was the daughter of
the 88m platinum activity and the mass asslgnmant for the
88m activity could be made. To try to establlish this rela-
tionship, [Pt(lil3),]Cl, was irradiated in the x-ray bean
of the synchrotron. The activity found outside the complex
as a result of the Szilerd-Chalmers procaess was ramoved by
immediate procipitation of [Pt(XfHB')lJ PtCl,. Thon, ofter
allowing the complex to stand for varicus periods of tine
the growth of 18h ?t197, formed outside the complsx by
docay of 88nm eetivity remaining in the complex was looked
for by counting sarples of [Pt(iHg)y]JPtcly precipitated
from the solution of the complex. From the data obtained
in this expsriment it was not possibla to detormine whather
or not an 18h daughter activity was formed. Tha results of
the experinment will be discussed in detzil in a later
section.

Osmivm activitios. In the 1.5 hour irradiztions of

45 g saumplas of PtCly,«xH,0, only 5-10 ets/min were found



in the osmium ssmplose. Any very short zetivities would
ot have beon detectsd as the sanploag were not counted
until 1-2 hours after the end of the irradiations.

19h iridium activity. The 19h period of Iri9% wms
found in the iridiun yield saumples (Figure 7). Its yield
was found to be 0.05% relative to 18h Pt197 and 0.56 rela-
tive to c13%. In expariments 2, 4 ard 9 (Table 10) vhere
the Ir02 precipitate was not purified by dissolving and
reprecipitating it, a correction was made in the 19h Irlgh
counting rate for the amount of 18h Pt197 carried in the
sanple. The anmount of 18h platinum which carried was
found to be 12.3 per cent of the total 18-19h activity
obgerved in the irlddium sample. This value was determined
in experiments 5, 6 and 7 by redissolving the Ir0,, adding
platinum carrier and roeprecipitating Iroa. The platinum
carrier was precipitated and counted with the Ir02 sanple.
In these three experiments 12.%, 12.5 and 12.1 per cent of
the activity originally present in the Ir0, sample was
found with the platinum carrier sample. An aluminum absorp-
tion curve showed that the activity was the 0.7 lev beta of
Pt197 and not that of the 2.1 Mev bota of Iri%%, If the
IrC, was again dissolved and the procadur: rapesated, less
than 0,6 per cent of the activity was found in the platinum

carrior sauple.
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The correction factor (B)(fS), applied to the observed
counting rate, was taken from the dota given by IEngelkenmeir
and co-workers (49, p. 61) for a 2.5 Mev betaw-cmitter. The
correction fyf, for %,1 ng/erd absorption in air and counter
window vag found to be l.ll by extrapolation of an aluminum
absorption curve of thoe activity. From a Feather analysis
of the aluninum absorption curve (Figure 8) the maxinum
enargy of the beta-particles was found to be 2.1 lleve This
is in good agreenent with previously reported values (24).

704 iridium activitys. 4 low intensity of a long compo-

nent (Figure 7) was found to be present in the iridium
samples. It was not due to platinum contamination in the
iridium sample since its half-life was much longer than ld,
which was the longest platinum activity observed. Vhon
phosphorus holdback carrier was added befors the precipita-
tion of Irﬂz, the intensity of this long component was
raduced to about one-sixth. Apparently, the majority of
the long activity was due to P32 or P33 formed by photo-
ruclaear reactions in chlorine. The remaining very low
intensity of long activity had a vuch longer half-life and
may be dus to 70d Irl92 form:d by a (¥,pn) reaction on
Ptl9%., In five hour irradiations the half-life of this
component was found to be about 65d. Howevor, since its

initial intensity was only 20-2% cts/min, an accurate half-
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life deternmination was not possible. Its yiald relative
to 19h Iri9™ was estimated to be 0.9. Since the 70d Irlid2
emits a 0.67 liev beta, its counting rate was corrected
using the sane factors as for the 18h P97,

140m iridium activity., A new iridium setivity having

a helf-life of 140m (Figure 9) was found in the iridium
fraction. An aluminum absorption curve of an iridium
sanple was talan about thresz hours aftor the end of irradia-
tion (Figure 10). Anothor was taken 20 hours later after
most of the 1hOwm activity hod decayed (Figure 8)e The
curve shown in Figurs & was corrocted for decay during the
20 hour pericd and subtracted from the upper curve shown in
Figure 10. The lower curva in Figure 10 shows the absorp-
tion curve for the 14Om component obtained by the subtrace
tion. From a rough Feather analysis the maximum beta
energy was estimated to be 1 lev.

The yisld of the 140Om iridium relative to 18h Pt197
wos found to bhe 0.028 (Table 10) from the average of four
deterninations. The yield relative to 19h Irl9% was found
to be 0.54%. The corraction for the thicknsss of the sample,
backscatterer and cellophans covering was again obtained
fronm data given by Ingelkomelir and co-workars (49, p. 61)

for a beta-smitter having a maximum encrgy of l.1 llov.
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fwa for 4.1 mg/cmg was found to be 1l.12 by extrapolation
of an aluminum zbsorption curve of the activity.

To dotermine if the 140m iridium decayed to 18h Pt1Y7
the follovwing exneriment was parforned. PtClg.xﬂzo was
irradiated for ¥.3 hours. Ir0, was pracipitﬁtad as quickly
as possible, imwmediately dissolved and reprecipitatod after

the addltion of platinum carrier to the solution to prevent

The repreciplitation was completed 1.7 hours after thoe ond
of the Irradiation. The Ir0, was redissolved and after the
addition of 30 mg of platinum carriesr was allowed to stand
for thres hours. The iridium was again precipitated,
filtered from the solution, redissolved and allowed to
stand for 13 hours after the addition of 30 mg of platinum
carricr. The platinum in the filtrate was precipitated,
weighed and counted. If the 140nm iridium is the parent of
Pt197, the 18h activity formed by decay during the three
hour standing period should be found 1r this sample. After
the second standing period Ir0, was pracipltated, filterad
fron the sclution, weighed and counted. Another platinum
sample was proparad from the filtrate and counted. It
should contain any Pt197 formed by decay of the 140m active
ity dvring the 13 hour pariod of standing. The first

platinum samplo contained only 10 cts/min and the second
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only 6 cts/min. On the basis of the 2050 cts/min of 1Sh
1rl% found in the Ir0, sauple the counting rats of the
140m sctivity rmst have been about 5300 at the end of the
grradiation. Therafors, the two platinum sanples should
have contalined at least 500 cts/min of 18h platinum activity
1f the 140m iridium activity is tho parent of the 18h Pt197,
These results indicate that the 140m activity should not
be assigned to Irl97,

The 140Om activity can probably be assigned to elther
Irl95 or Irl96, 1Its rate of formation is O.5% times that
of the 19h Ir*9% and 3.7 times that of a 7m activity
(Table 10) which was detected. The abundances of Pt198,
Pt196 and Pti95 are 7.2, 25.% and 33.7 per cent, respec-
tively. The yield of Irl95 formed only by a (),p) reaction
on Pt196 relative to that of Irl9%, which is probably formed
in nearly oqual yields by (¥,p) and (¥,pn) reactions on
Pt195 and Pt196, would be expected to be about 0.4 on the
basis of the isotopic cbundances of platinum. If it were
formed by a (¥,pn) reaction on Pt198 its yield relative to
Iri%% woula be anticipatad to be only 0.l. This seenms to
indicate assignment of thoe 1bim activity to 1r195, Also,
the observed value of 1 ilev for the maximun energy of the
beta is the cnergy equivalent of the difference in the atomic

masses of Iri99 and Ptl95 as calculated by Hetropolis ard
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Roitweisner (68). For Ir+?7 and Ptl97 the mass difference
1s equivalent to an energy of 1.7 lev and for Ir196 and
Pt196 1t is equivalent to 2.8 lev.

7n iridium activitv. A 72 activity (Pigurs 11) was

found 1r the Ir02 precipitated from a 1-2g sanple of
PtClh.xHEO which had baeen irradisted for 1% nminutes. Its
yicld relative to the 1hOm iridium activity was found to

be 0.27 (Table 10) if the efficiency for counting the two
activities was assumed to be the same. If the 140Onm iridium
aetivity is assigned to Ir195, thas 7m activity can probably
be assigned to either Irl%6 or Irl97 since it could be
formed by a (¥,pn) or (¥,p) reaction on pt198,

Bfficiency of the Szilard-Chalmers separations from

piatinun conplexes. Irrsdiations of platinum complexes

were carried out and attonpts were nads to separate the
platinunm activity ejected fron the complexes in the Szilard-
Chalmers process. The thres general methods used wore:s
treatment with anion exchange resins, extraction with
butyl acetote and precipitation of (Eﬂg)aPtCl6 or
'{Pt(ﬁﬁ3)%]Pt01h. These methods have been discussed in a
previous secilion.

The results of tho attempts to separate platirunm
activity away from irradinted platinum couploxes by troat.

ment with anlon exchange resin are summarized in Table 1l.
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Table 11, Resin Separations

Activity
Targat T* Resin Total**  separated Sepn.
(g) (hours) used activity on resin no.
(g) (cts/min) ()
0.25 . 1.5 1 2050
[Pe(mgdyler, IR-UB
“ oxalate 10 (1)
in 40 ml H,0 o (2)
Total 12
TAH C =45
37%C2% oxalate L (2)
in 125 nl H,0 L (3
Total 19
0.52 1 1780
lPeay) ,on,] 1.6 A2
acetate 17 (1)
in 150 nl H,yOf 2 (2)
Total 19

#* Period of irradiation
*# Total 18h activity at the end of the irradiction
# 0e3 nl of 0.06 N HC1 added



The counting ratas of all of tho samples were corrected
for differencas in selfw-zbscrption. In all three experi-
ments the resin was shalken with a solution of the complex
for 15 minutes. The rosin was then filtored from the
solution and the solution was troated similarly with
anothar portion of resin. In the second experiment three
such separatlons were performed. Samples were then pre-
pared from thoe activity ronoved by the resin in each sepa-
ration. An aliquot of tho complex solution was also Ob-
tained for counting, either by precipitation of platinum
metal or by precipitation of the original complexz by the
addlition of acetone to the solution. These expsriments
indicated that at least 12-19 per cent of the activity
was prasoent in the fornm of anions which could be adsorbed
on the resin.

In the extraction experiments (Tabls 12) the irradiated
sanple was dlssolved in 20 nml of wator and the solution was
madz 6 B in HC1l. The solution was then extracted thres times
with B0 ml portions of butyl acstate. The sxtracts wore
comnbined and the platirum in them was oxidized by heating
with a 10 per caent HaBrO3 solution. After the addition of
platinum carrier the platinum was extracted into 6 I HC1
and platinum metal was precipitated for comnting. A sauple

of the unextracted solution from the first butyl acetate
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axtractions was prepar>d by the precipitation of the orige-
inal complex with acetone. In the second expsriment the

6 N acid solution was filtsred after the butyl acatate
extractions, washed with 2-3 ml of woter and the filter

paper was counted to try to detect any activity that might

Table 12. Butyl Acstate Lxtractions

Target T* Total** Fraction
(g% (hours) activity extracted
(cts/min) (%)
0.400 1.5 7hly 9.8
122¢0: 8 oy
0.400
[Pt(I%é-H:;)LFlQ 1.5 666 8.4

* period of irradiation

*% total 18h activity at tho end of the irradiation

be present as colloidal particles of [Pt(EH:ShJPtClbr. Yo
activity was found on the filter paper. From these experie
mants it appears that no nors than 8-10 per cent of the
activity is prescent as PtClﬁz or othar platinum(II) complex
anionse.

K-PtCly, and K, PtClg were irradiated to dstermine the
oxidation state of the platinum activities produced. The

oxperiments are summarized in Table 13. In expsriment 1,



Table 13. (Hﬂk)gpt016 Precipitations

Target T* Carrizr Total** Activity  Precipitate

(2) (hours) (mg) activity separated NO«
(cts/min) (per cont)
0.38 ptiV 5 2880 1.5 (1)
Kptcly, 1.5 ptIV § 1.3 (2)
< PV 5 4.0 (a)
ptiV 5 2.8 (%)
Total 9.6
0.43C KoPECLYy, 7 1550

KoPtClg 1.3 7740 (1)
23.0 (2)

* Pariod of irradiation

** Total 18h activity at the ond of the irradiation



K,PtCly, was dilssolved in 17 ml of water and platinun(IV)
carrior was added. Four precipitations of (NHq)QPtCl6
were performed to detornine the amount of activity present
as Pt016:; The activity found in these sauples was probe
ably just activity from the filtrate which carried with
the procipitates. A knowvm aliquot of the solution was
counted to determine the amount of activity remaining in 1t.

In the second experinont, irradiated EoPtClg was
dissolved in hot water and Ko PtCl)y holdback carrier was
addad. (Nﬂh)gP3016 was precipitated. The filtrate was
gvaporated and platinum metol was precipitated. The plat-
inum was redissolved and (HHM)QPtCls was precipitated,
filtered and weighed. As showm in Table 13, 77 per cent
of the activity was found in the first (HHu)thClé precipi-
tate, which contained 76 ng of plotinum. The (NHM)EPtCI6
from the filtrate contained 3.7 nmg of platinum, 3.3 nmg of
which should have bocen inactive platinum from the 7 ng of
K,PtCLy holdback carrier addsad to the solutlon. Since the
spacific activity of thoe filtrate sample is nmuch higher
than that of the first precipitate, the activity left in
the filtrate appears to be due to activity actually presoent
as PtClué rather than PtCléz which was not completely
renoved by the first precipitation of (IHY)oPtClge

These experiments indicate that when K,PtCly is
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irradiated most of the active atoms remain as PtCl, while
when KthClﬁ is irradiated 23 per cont of the activity seems
to be present as PtCly~. This rosult is rather unexpected
since it l1s believed that the active atoms will usually be
found in a higher oxidation statce than that of the target
atoris 1f the element has a higher stable oxidation state.

Table 1% summarizes the resulits obtained when
[Pt(1Ey)y,JPECY,, was precipitated by tho addition of PtClg
or PtClgf to solutions of irradiated complex. In the
first experiment, bescaus: of the slow formaltion of the
precipitate, three samples were filtered from the solution
before the precipitation appearcd to be complete. In the
second exporiment, the precipltate formed immediately and
the added platinum carrier was recovered quantitatively.
This method is much the faster although it nmay be less
efficient,

The use of the abova precipltation msthod in an
attempt to determine the mass assignment of the 88m plati-
nun activity was mentioned previously. A 9.% g sauple of
solid Jt(z»me’)k}mz was irradiated for 1.5 hours. The
conplex was dissgolved in 100 ml of water and [Pt(KH3)h]Pt014
was precipitated by the addition of a PtCl, carrier solu-
tion containing 5.3 mg/ml of platinum. The precipitation

was repeated until a nearly constant specific activity was
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Table 14, [Pt(rm3)q]PtClq Precipitations

Target T* Carrier Total** Activity Precip-
(g) (hours) (mg) activity separated itate
(ets/min) (per cent) no.

0,26 v
[Pt(sE)yJo,0, 1.6 PetV 2n 1922 2 %;
Total Tg" (3
0.400 solid |
[PtGiHy)yJCL, 1.5 K,PtCL, 1300 33 (1)

20

* Poriod of irradistion

** Total 18h activity at the ond of the irradiation
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found in the precipitates. The solution was allowed to
stand for about two hours and the precipitation was re-
peated. If 2ll the 80m activity left after the first
precipitations were in tho complex, 1ts decay to the 18h
activity should result in an increasz in the 18h activity
of the sanple precipitated aftor the standing period.

The solution was allowed to stand for about two more hours
and the precipitation was apain repeated. A sample of the
complex was also precipltated to det:rmine the total
activity in the irradilated complox and tho specific activ-
ity of the original complexe. The rosults of the experi-
nant are given in Table 15. Colum 1 gives the time after
irradiation that each sanmple was procipitated. Since
[Pt(ﬁﬁ3)4]PtClh contains 64 per cent platinum, the weilght
of platinum given in column 3 was obtained by rultiplying
the actual welght of each sample by this factor. The
complex contains 59 per cent platimum and its walght was
sinilarly converted to weight of platinume. One-half of
the platinum in the precinitates should bs carrier plati-
num while the other one-half would be [Pt(I3)] T fron the
irradisted complex. As can be sean from Tabls 15, quanti-
tative recovery of the added platinum carrior was not
obtained. The specific activity of each of the precipi-

tates was higher then that of the irradisted complex, but
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Table 15, Separation of Activity from 9.4 g of [Pt(NHy))]cCl,

T#* Carrier Wt. sample Activity Specific Sample

(hours) {(mg Pt) (ng Pt) gsoparated activity**  no.
(per cont)

0.25 5¢3 13.% 3.2 1k 1

0.38 5'3 os 206 12 2

0. 50 5.3 79 2.0 9 a

C.75 18.3 23.2 B.Z 9

1.00 5e3 70 1. 12 5

3.0% g.B ép%9 g.g lg g

3.0 03 . .

3'58 5‘3 8‘3 102 8 8

6.00 5.3 9.0 1.4 9 9

6408 5¢3 2.6 0.2 5 10

7.00 ——— 4,5 0.6 12
4,0 othars

Total 242
72 12.6 1 conplex

* Tima after end of irrediation

*% The specific activity of the complex was arbitrarily
chosen as l.
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each precipiteote contained only & small fraction of the
total activity. Although an inersase in 18h activity was
found in sample 6, nons was found in sample 9 vwhich was
also precipitated aftor z period of gstanding. From thase
results no conclusions could be mads as to the mass assign-
nent of the 88m activity. If a clean saparation procedure
could bz devalopad this might be possible. The use of
butyl acetate extractions to separate any PtClhf forned
by ejectlion of activity from the complex by decay of the
88m platinmum nmight be worthy of investigation in this
connection. Attemnts to seavenge the activity from the
solutlon with Fe(OH)3 removed only 0.3 paer cent of the
activity. When the solution was allowed to stand over
night in contact with the Fe(OH)B procipitate,l.9 per
cant more of the activity was removed.

From a comparison of the results in Table 14 and Table
15, 1t can be seen that the amounts of carrior used are
quitc effsctive in removing 30-4%0 por cent of the activ-
ity from small samples of the complex, but many preclpita-
tions are necessary with larger quantities of complex.
Thls suggests that the scparation was somewhot dependaznt
on the surface. Posslibly the activity is not proasent as
the PtClu: or PtClg” species. Alternatively, it may be

that precipitates which fornad rapidly did not exchangse
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with the platinum carrier. Probably all of the activity
was ajected from the complexss in the (¥,n) process. The
radioactive platinum undoubtedly dissolved in the aqueous
solutions to form a number of complex specles. To obtain
optimun yialds of high specific activity it would be
necassary to separate all such spacies from the original
complex. OFf the goparation methods investigated for ob-
taining high specific activities of platinum, the precipi-
tation of [Pt(iH))]Ptcl, after the irradiation of
[Pt(NHS)¥]ClQ or [Pt(ma3)#]c20h appears to be the most

aeffective,
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SUMMARY

The backscattering of four different beta-cnitters rang-
ing in maximm snergy from 0.067 to 1.7 Mev was investigated
in the windowless Geiger-imeller gas flow counter. The backe
scattering was found to be a function of the atomic number
of the backscatteror, With platinum backing, the back-
scattoring appeared to have reached o saturation value and
was nearly the sanc for all of the beta energlos vwhich were
investigated,

Samples of KS[Co(CEOM)3]'3H20 were irradisted in the
x-ray beam of the 68 Mev synechrotron. The Szilard-Chalners
process appeared to be nearly 100 per cent effective in
ejecting the radioactive cobalt atoms from the complex. The
9.2ﬁ Coo%m ang 724 CoP8 formed during the irradiation were
separated from the complex in high specific zetivities by
adsorption on IRC-50 cation exchange resin. A solution of
the complex was prepared from the active cobalt separated in
this way. A nethod utilizing the chemical decomposition of
the complex which occurred as a result of the decay of coJ8n
to Coo8 by emission of conversion elsctrons,was used to
calculate the ratio of the rates of formation of ths two
isomers. In thesc experiments the ratio of the ratle of

formation of Co%% to the rate of formation of Co’oM yag

found to be O.GliO.OLP.
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In synchrotron irradiations of PtCly.xH,0, 88m, 18h
and 4d platinum activities and 7m, 140m, 19h and 70d iridium
activities were detected. Thelir ylelds relative to that of
the 16h Pt™77

assignnments and charactoristics of the two new irldium

and the 33m 013l+ were determined. The nass

activitles were studied. The 1hOnm éctivity was tentatively
assigned to Irlgs and the 7m activity to Irl96 or Ir197.
Szllard-Chalmers process separation methods were also

investigated for several complex compounds of platinum.
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