- 2537
UCRL:

UNCLASSIFIED

UNIVERSITY OF
CALIFORNIA

Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

S

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-2597
Unclassified
Chemistry Distribution-

UNIVERSITY OF CALIFORNIA

Radiation Laboratory

Contract No. W-7405-eng-48

THE NEW CHAIN BARIUM 126 - CESIUM 126
M. I. Kalkstein and J. M. Hollander

May 19, 1954

Berkeley, California




-2~ ' UCRL-2597
THE NEW CHAIN BARIUM 126 - CESIUM .126
M. I. Kalkstein and J. M.. Hollander
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
May 19, 1954
1 ABSTRACT!®
The neutron deficient chain B3126 - C5126 has been produced

from nitrogen-ion bombardments of indium in the 60-inch cyclotron,
by the reaction InllS(N, 3n). Studies have been made of this new
chain with a 50-channel scintillation spectrometer, a scintillation
coincidence spectrometer, and a time-of-flight mass spectrograph.
Element assignments and genetic relations have been verified
cherﬁically, and the mass number assigned with the isotope separator.
B'a.riurn126 decays principaﬂy by ortbita]l electron capture with a
half-life of 96.5 + 2, 0 minutes, and its daughter 05126 is a positron
emitfer of 1,6 £ 0. 2 minute half-life and electron capture branching
of 15 £ 4 percent. The decay of.Cs]l'26 proceeds by allowed traﬁsitions,
~63 percent to the ground state of Xe126 and ~37 percent to the first
excited state at 385 kev. The positron spevctrum has a maximum
energy of 3.8 £ 0.4 Mev. On the basis of its decay properties, C5126

appears to have a ground state configuration of (1+).
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INTRODUCTION

A program has been under'§vay in this iéboratory to study the
nuclear reactions of cyclotro.n accelerated heavy ions and to utilize
these ions in the synthesis of new isotopes of the heaviest el emen,ts..l‘s%l
‘In principle at least, heavy ion bombardm‘enf: .should also find.
application to the study -of neutron deficient isptopes of medium and
- low Z elements, because it provides an alnﬁost unique way to prepare
these isotopes free of heavier ones. To date, the major limitation
on this application has been the low beam intensities available, which
has severely restricted the feasibility_of speictro‘scopic investigations.
Nonetheless, it was felt that the possible advantages of using heavy
ions f01; the production of neutron deficient n.uclei should be examined.

In the work 'repo.rted here,. a new neut?on-deﬁcient chain,

126 .. 126 . - S e
56Ba- —55Cs » has been produced by the irradiation of indium
(Z = 49) targets in the hitrogen ion beam of the Crocker 60-inich °
cyclotron. The genetic r'elationship between these nuclides has been
verified by means of chemical "milking" experiments, and their
radiations ha ve been studied with Nal and anthracene scintillation
detectors coupled to a 50-=channe1 differential analyzer. Some
coincidence studies have also been made by';lsing the scintillation

coincidence spectrometer. Assignment to the mass 126 chain has been

" accomplished by means of a timeaof;flight mass spectrometer.
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‘Barium 126 is found to have a half-life of 96.v5__minute‘s, and to decay
by orbital electron capture. .Its daughter, 55'Cs‘126, decays with a

1.6 minute half-life, chiefly by the emissib.on of positrons of maximum
energy about 3.8 Mev.

A 12 minute barium 'act”ivity, whici'x may be Balz7 or possibly
Ba124, has also been observed in some shért nitrogen ion bombard-
ments of indium. .This will be repor£ed only briefly, since no
detailed study of this nuclide has beeniu‘ndertlak'en.

BOMBARDMENT..CONDITIONS -

In most pf the bombardments, targets of indium oxide (1111203)5 !
weighing ~100 mg were mounted in 0. 25 or 0.5 mil platinum
envelopes for use with the intérnal heévy ion probe.. A fe§v runs
were also made using térgets of indium metal mevlted to the copper
backing plate of a watercooled probe.'b Irradiétions were made at a
dee radius of 23.5 inches. The energy of the nitrogen ion beam has
a continuous distribution with a maximum of ~140 Mev, 3 Béca,use
of the thick targets used, it was ot po,ssi’ble_ to m@pitor the. beam .
during bombardments, but nitrogeh ioﬁ ‘cur"rrent‘s measured sepa'rat'.ely
have averaged atound 0.1 microampere. Bombardment times were
either short (two to five minutes) or of the or.der of an houf, depending
upon the half-lives of the barium activities being studied,

CHEMICAL PURIFICAT IONS

The chemical procedures used both fqz‘ the initial separation

of a pure barium fr.aétion and for the éﬁbseque.nf cesiumsbarium

"milkings'' are described in Appendix L
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EXPERIMENTAL RESU LTS

Half-lives. -- The barium chemical fractions from the nitrogen
ion bombardments Qf indium e‘xhi‘b_ited, after the decay of an inifial
~12 minute component, a single activity which followed a period of
96.5 £ 2,0 minutes through as many as ten half-lives without
deviation. One of the G-M counter decay curves is shown in...Fié. 1.
‘When the chemical pu?ification was performed more than an hour
after the end of bombardment, only the 97 x;ninu_te activity af)pear.ed
in the barium fraction, proving its chemical identity as an isotope
of barium.

By making a series of r‘apid chemical separations of cesium
away from a solution containing the 97 minute barium activity, a
cesium daughter has been isolated whose half-life was rﬁéasured

from five milkings to be 1.5 + 0.3 minutes.

Mass assignment, -- With the aid of Dr. M. C. Michel, the
mas sv assignment of the new 'Ba==Cs:v<.:hain has been made on a
medium-resolution, high transmiséion ("'2_‘0: percent) isotope
separator employing the timeaofaflighf prinéiple

The sample, containing _"'105 dis/min of the 97 fninute barium
in equilibrium with its cesium daughter, was deposited ‘ont.o a
tungsten filament in the forvm of ,~50Hp.g‘ BaSO4. Becau;e of the.
weakness of this source, it did not seem feasible tp attempt
collection of babriumvionsg consequently advantage Qas taken of the
'much greater ionization efficiency of thé short-lived cesium
daughter. By "flashigg " the ion source at a temperature sufficient

to ionize cesium but not vaporize barium it was possible to collect
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cesium ions alone, accomplishing ;simultaneom-lsly both chemical and
mass separation. By so retaining barium on the filament, the
experiment could be repeated several times with essentially no loss
in yield of cesiﬁm at the collector end.

After flashing the source for ~10 seconds, the vacuum system was
quickly let down to air, and the collector plate removed for counting.
This procedure consumed about two minutes. Activity was found to’
collect only at the mass 126 position, and fhis decayed with a
half-life of 1.6 * 0.2 minutes, as shown in Fig, 2. The new chain
is thus identified as ,Ba126=C5126, produced by the reaction
InHS(N',Y 3n)'Ba126. |

Gamma spectra. -- Nitrogen ion bombardments of around an

hour's duration yielded less than 106 disintegrations per minute of
the Bal‘Zé«Cs'126 chain, so it was not possible to utilize either of

the laboratory's high resolution magnetic spectrometers in an
examination of the beta and gamma spectra. Conse‘quently,‘ we
have made use principally of a Nal (T1) scintillation detector

coupled to a 5'.0=chanﬁel differential analyzer designed by A. Ghiorso .
and A. E. Larsh, '

In these experiments, the gamma ray spectrum of the barium-
cesium equilibrium mixture was first studied, 'and it was verified -
that all peaks decayed with a 97 minute half-life. Then a pure
samp1e>of't<he 1.5 minute cesium daughter was prepgred by the
"milking" procedure described in Appendix I, and its gamma spectrum
_was' examined. The spectrum due to the 97 minute barium parent °
was then obtained by-miaking the appropriate subtraction of the cesium ~

spectrum from that of the equilibrium mixture. Figures 3, 4, and 5
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show respectively the spectra between 0 and 850 kev of the

equilibrium mixture, the pure C3126, and the subtracted spectrum
obtained for the Ba.l‘26 parent. It is noted that the x-rays (at ~30 kev)
belong mainly to the Ba‘126 while the aﬁnihilation radiation accompanies
the decay ofsz'lZé.

| The gamma spectrum of C5126 is quite simple; other than
annihilation radiation and ~30 kev x-rays only a gamma ray of

385 £ 5 kev is in evidence. The peak (in Fig. 4) at ~170 kev is due
to 180o backs,c'é.ttered annihilation radiation, and that at ~75 kev is
the lead fluorescent x-ray generated in the counter shield. From
the observed8 pho.topeak abundances, it is calculated that Cs’126
decays principally by positron emission, with an electron capture
branching of 15 % 4 percent, Thé 385 kev gamma ray appears in ="
37 £ 7 percent of the disintegrations. No gamma ray of energy
greater than 600 kev is observed with an abundé.nce higher than

5 percent of the disintegrations.

The gamma spectrum of Ba126, "obtained by subtraction, is
more complex. Gamma rays of 225 + 10 kev, and 700 £ 30 kev are
definitely observed, with relative intensities 2.5:1. Weak gamma
rays at 370 £ 20 kev and ~900 kev are probable. The peak at 115 kev
appears to be largely backscattered 225 kev radiation, since its
relative intensity varies with position of the source in the counter

6 - CsRé) spectrum, the 510 kev

shield. In the equilibrium ((Bal'2
peak intensity is slightly too high to be attributed entirely to the
annihilation gamma ray of C3126, so it is concluded either that
Ba‘126 has a small amount (~10 percent) of positron branching, or

that it has a nuclear gamma ray Of about 500 kev. X-rays are the
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predominant feature of the decay of -Ba‘126, but because of the

uncer,fa.inties éccompanying the subtraction of the gamma spectra
and because of the unknown éontribution of x~-rays from internal
.conversion of the gamma rays, a ratio of eiectron capture to
positron emission in ~Ba‘126 cannot be givén \;{ith confidence.

The direct decay of the gamrﬁa ray lines from the 1.5 ‘miriute‘
-C5126 was observed by performiné the fast cesium ""milking" from
the parent, placing the separated cesium fraction into the scintillation
spectrometer, and photographing the dials of the spectrometer with
a Leica 'ca_m'er-’va at half-minute intervals vfollo:win.g each '""milking".

By subfr'action of the dial readings of one .nebgat'i've from those of the
next negative, the spectrum during each half-minute period‘could

be examined. In this way, decay ’c'urves have been constructed for = -
the photopeaks of the anni'hilatibjn gamma ray, the 385 kev gamma

ray, and for the K x-rays. These exhibit a half-life of

1.6 £ 0.2 minutes, as shown in Fig. 6.

Beta' spectrum. -- The end point of f‘.he-:po'sitr,on spectrum 'Wal.‘s
measured in a samplé of the Bé=C§ ‘equil‘i‘b.z"'idrzn.‘ rr‘aixtur’e by fn.e:é.ﬁs' '
‘'of an anthracene scintillation crystal coupled to the 50-channel
-analyzer, and also by absorption in beryllium. Both methods:
gave a value _-of 3.8 0, 4: Mev. As noted above, these positrons

126

are associated with the decay of Cs™ .

.Coincidence measurements, ~-- Several experiments were done

6

in which the Ba’lv2 -65126 chain was examined with a coincidence
scintillation spectrometer designed by Professor J. O. Rasmussen,
The apparatus consists of a Nal or anthracene gate detector coupled to

a single channel analyzer, and a-Nal coincidence detector coupled
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to the 50-channel analyzer. Inthese experiments, the resolving
time was =8 x 10‘,8 seconds. The anthracene detector in the gate
circuit was employed when positron-gamma coincidences were
being examined; for gamlmaagamma coincidences Nal crystals were
used in both circuits. The two crystals were shielded from each
other by a 2-inch lead brick and berylliurﬁ absorbers were placed
in front of the gamma ray detector to absorb electrons. Figure 7
is a schematicrr'epresentation of the coincidence equipment,

Although the short half-life of the activity under study prevented
the accumﬁlation of sufficient events per experiment to give good
statistics, several qualitative results were obtained by sweeping the
gate channel over the gamma spectrum in increments of ~35 kev
and recording the coincident gamma spectrum at 90° on the 50=chénnel
analyzer. Figure 8 is a plot of the coincidence rate at ~385 kev oﬁ
the 50-channel analyzer as a function of gate setting, showing a |
maximum rate at a gate setting of ~510 kev. Figure 9 similarly
indicates the coincidence rate at ~510 kev, showing a maximum at a
gate setting of ~385 kev. These experiments verified that the 385 kev
gamma ray follows positro‘n decay in Cs126, They also serve to
point out that there is no gamma ray of ~500 kev following positron
decay of.Cslzé, since few 500-500 gamma-gamma coincidences
are observed. An upper limit of 4 percent per disintegration can
be set for a possible gamma ray at ~500 kev. "This fact could
not be deduced from the gross gamma spectrum alone, because of
interference from the prominent 510 kev annihilation peak. Even

those few 510y-510y coincidences that are observed at 90° may be
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-leexplained partially as being due to annih‘i.lation'=annihi1ation coincidences,
since an appreciable fr'aot'ion of po.sitrons annihilate in flight, giving
annihilation quanta at angles other than 1éo° with respect to each
other. |

In scanning high energies on the gate, a maximum of
gamma-gamma coincidences in the region'of 225 kev was obtained
when the gate was. set at #700 kev, offering some evidence that the
225 kev gamma ra'y‘in Ba‘]“26 rnav be in C'oinoi.dence with the 700 kev
gamrha ray. | |

Using the anthracene crYsta_l in the gate circuit, positron=
-g'amma coincidences were run at 180°. With a gate setting <<3 Mev,
coincidences were observed at ~390 kev and ~510 kev. At a gate '
settmg of ~3.5 Mev, the ~390 kev peak was not observed but the
p051tron annlhllatlon c01n<:1dences rema1ned Since no gamma ray
other than that at 385 kev is observed in th.e decay of Cs 26,: it is
;inferred from the above that a ground state pos1tron transition takes
place between -C5126 and X ]26 |

L o ONC LUSIONS

From the observed pos1tron and vgamma ray abundances in
.C5126, some conclusi‘onsucafn be dr'a.vvn about its decay scheme.
Assuming that the observation of only a single gamma ray in the
65126 is ,corr.ect, log f_t values of 4.7 and 4. 8 are calculatedg fOr
the positron decay to the grohnd and first .excited states of ‘Xe126,'
respectively., The se.are both w1th1n th-e.r'ange of 'values e'gpe.cte'd
for "allowed'' transitions, andi sug_g‘es't that the configuration of the
ground state of.Cs126 is (i4), since'(6+5)' a'ndy ‘4’('2+)’ doubtless r'epresent

126

the conf1gurat1ons of the f}rst two states in Xe’ The energy of the
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first excited state of-Xelz6 found in this work, 385 =% 5 kev, is in

126

agreement with that re.ported from studies of the beta decay of 1 .
by Perlman and Fr_i‘ed'lander10 (386 = 2 kév) and by Mitchell ia}_l_.=1_1
(395 £ 5 kev).

In a further study of the radiations of 1126, Perlman and )
vWelkerL2 have reported a second excited state in Xe126 at ~870 kev,
with a configuration also (2+). It is of interest to note that in the
present study this state was not observed in the decay of.C3126. A
limit of 4 percent for the populatioh of this state was set by the
absence of coincidences between the 510 kev gamma ray and a
.gamma of 485 kev which would b¢ expected to de-excite an 870 kev
state if the spin sequence were (-2+)—>(2+)->(0+) as reported by
Perlman and Welker. If the same selection rules are operative
for decay osz’lZé to all these states, one would expect an 870 kev
(2+) state in Xe126 to be populated from C'sl26 to the extent of
perhaps 20 percent, which is substantially above our experimental
upper limit. A crossﬁver gamma ray of 870 kev was also not
observed in the gamma’.spectrum oszlZé, but its exbected
abundance might be as low as the upper limit of 5 percent set
from the gross gamma spectrum.

Because oniy a rough measurement of the positron energy
of Cslz6 could be obtained in these experiments, the disin’_cegration
energy cannot be specified precisely. However, the value of
4.8 £ 0.4 Mev follows the general trend of the ’.energy surface

shown by the '"beta-systematics' curves of Way and Wood. 13
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The electron capture branching of.Cleé, 15 %+ 4 percent, éompares

with a figure of ~16 percent predicted from the theoretical curves.
of Feenberg and Tr_ig_'g14 for an allowed transition with Z = 54 and
po.sitron abundances and energies as reported here.

A.decay scheme consistent with these data is presented in
Figure 10.

THE 12-MINUTE BARIUM ACTIVITY

- In several short nitrogen-ion bombardments of indium, an

approximately 12-minute activity appeared in the barium fractions

126

in lower yield than the 97-minute Ba This activity rhay be

Ba’127,‘ produced by the InHS(N, 2n) reaction. Barium 127 has been .
observed by Lindner and Osborne, 15 who have shown that it decays

27. . Although no 6-hour

with a 12-minute half-life into 6.3 -hour Cs1
'"tail' has been seen in the Geiger count er decay curves of our
barium fractions, the low B+/EC branching ratio (<10 percent) of |
: Csl?'7 reported by Mathur and Hyde16 would indicate that this
isotope could have a counting efficiency low enough to have escaped
detection in our gross decay curves.

On the other hand, it is possible that the half-life of the
- unknown isotope Ba.‘124 could be of the order of 12 minutes, if it
decays by an allowed transition. Such a h‘alf—vlife_would require
a dis’integratioﬁ energy of ~3 Mev, which is not an unreaspnable
value. 13 Barium 124 would be produced in these experirnents by

1

In113(N, 3n) and In 5(N, 5n) reactions.
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“APPENDIX I

Chemical Procedure

-A typical procedure for the inifial preparation of a pure barium
fr-a_c-fion was the following:

1. The IanO3 was dissolved in a minimum of concentrated
.HC1 (or -HNO3, if.indiu-m metal targgts were used), and carriers.
of Sn, Sb, Te, I, Cs, and Ba added.

2. Ba(NOS)Z-wa.s' precipitated by the addition of ~5 cc fuming
','H_NO3, washed, then dissolved in HZO’ This stép was repeatéd.

3. Ba.Cl2 was precipitated by the addition of 5-10 cc of ether-
HC1 reagent (5/1 concentrated HCl/diqthyl ether).. washed, then
dissolved in HZO' This step wé.s repeated.

The following procedure Wa-s used for the rapid separation of
cesium from a solution containing the Ba 2 —C5126 equilibrium mixture.
Total elapsed time from the initial precipitation to the beginning of count
‘was about three minutes.

. To a water solution of _BaCl2 containing the 96 minute
.vBa'126, ‘excess sodium cobaltinitrite reagent was added. This solution
was chilled in an ice bath.

2. Several millig:aﬁs cesium carrier were added, precipitating

yellow cesium cobaltinitr:lte.

3. The precipifate was quickly separated from the supernatant
solution by pouring through a sintered glass filter funnel under low
vacuum. It was washed in the same manner.

3
glass filter by pouring through several cc's of fuming HNO3..

4. The Cs CO(N02)6 precipitate was dissolved from the sintered
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5. Several milligrams Ba**;‘ca_r.“rier were added to the fuming
,'HNO3 solution, precipitating vBa(NO3)2.

6. The supernate, containing pure cesium, was separated
from the Bat.(NO?’)2 precipitate by pouring through another sintered

glass funnel. This solution was placed in the counting chamber.

APPENDIX II
Calibration of the NaI(T1l) Spectrometer

A 11/2 inch diameter by 1 inch thick thallium activated sodium
iodide crystal was used in conjunction with the 50-channel analyzer.
A diffuse reflector of MgO surrounded the crystal, and a thin
beryllium window separated it from the sample. The crystal was
‘bonded to a thin quartz disk which in turn was .optically coupled to
a Dumont 6.292 photomultiplier tube by a layer of mineral oil. An
aluminum-lined lead shield housed the detector assembly, and -
samples were mounted in a standard G-M tube five position shelf
holder. In these experiments, fnos,t ‘measurements were made at
a distance of ¥1. 3 inches from the crystal, which represented a
geometry of 4.9 percent (as determined with the 60 kev gamma ray
of a. standardized Am24‘1 sample).

Energy calibration of the spectrometer was made during each

experiment,;:; with the following gamma ray standards: Am'?'41 '

235 (143, 184 kev), Aul’® (412 kev), Cs'>7

(60 kev), U (32, 661 kev),
and NaZZ(S‘.lO kev, 1.28 Mev). In addition, ‘the annihilation radiation
of. 08126 served as an internal standard, so that any shift in the

energy scale could be observed and corrected.
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. The following counting efficiencies were used to calculate the
relative intensities of the various ‘gamma rays:

' X-rays (Cs, Xe) 100%

225 kev 66%
385 kev 23%
510 kev 12.3%

700 kev 9.3%

“With the exception of the ‘va,lu'e for 510 kev, thése‘ efficiencies are as
reported by Kahn and _Lyon”; we have made similar 'absoltite
determinations at 412 kev (Aul%8), and 661 kev (Cs™> ') and find |
close agreement with their results. vT'he.: 510 kev efficiency is
‘the result of our own measurement of the relative a_,bun.d.ance of
‘the 510 kev and 1. 28 Mev photopeaks in Nazz, using Kahn and Lyon's
value of 3.6 percent for the 1. 28 Mev efficiency. (In absence of an
absolute 'deter'miﬁation Vc.)f Na.'22 during these experiments, we have
chosen to use Kahn and Lyoﬁ's \'ralue at 1. 2 8 Mev rather than theixj. :
value. at 510 kev. ,(1,3-.7,9‘3_1'"93_,_1‘-’111‘;);_ be..ca,us:e of better agreement at
1 28 Mev vs;ith cai:\her in&é'sti'géto,r‘s). B | |

~The 'obs,éi'ved x=-ray intensities were corrected for .fluorescepce
yield and absorpﬁon by comparison with the x-rays Afrox.'n a Cs’1'37,

standard examined under identical experimental conditions.
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: (B) and 510 kev y (C) of pure csleb,
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Fig. 7. Block diagram of coincidence
spectrometer.
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Fig. 10, Decay scheme of Cs126.



