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PROPERTIES OF SOME NEZUTRON-DEFICIEMT CESIUM ISOTOPES
Richard Walter Fink
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
July, 1949 .

ABSTRACT

127 and 05129,

“together with some observations on a 30 minute cesium activity is reported. The

following radiation characteristics are reported:

08127,.

0al29,

' 05130,

half-life 5.5 < 0.5 hours, positrons of maximum energy 1.2 Mev,
Annihilation Radiation observed: O0.51 Mev gamma rays. Probable
internal conversion electrons of energy 0.35 £ 0,05 Mev. Genetically
produces Xel27 daughter. No harder gamma-rays.

+ .
half-life 31 - 1 hours, no detectable positrons. K-capture. No
hard gamma-rays, but probable emission of a 0.5 Mev gamma-ray.
0.35 = 0.05 Mev conversion electrons.

half-life 30 minutes, K-capture. Emits 0.5 Mev gamma-ray. lMass
number presumed from literature reference, and yields.

. +
Proof for the genetic relationship cs1?27 e—E-9 Xel?7 ig given by both repurifica-

tion experiments and direct-vacuum line igsolation of the daughter radioxenon with

‘identification of its 34 day half-life.

Mass spectrogranh proof for the mass assignments is given, showing that mass

nunber 127 corresponds to the 5.5 hour positron-emitter and mass number 129 cor-

fesponds to the 31 hour K—capﬁure,cesium isotope.,
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PROPZRTIZS OF SOHE NEUTROT-DEFICTIENT CESIUM ISOTOPES 1
Richard Talter Fink
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

This research was iaunched to explore the light mass region of cesium isotones
for possible new radiocactivities agd to extend this knowledge of the light region
somewhat fu;ther. The recent completion of a thermally-ionizing mass spectrograph
instrument at the Radiatlon Laboratory, coupled'with the availability of high
energy alpha-particles from the 184=inch cyclotron, made the choice of cesium as
the element to be investigated most appropriate,vsince cesium isvvery easily
ionized on a thermal filament source_in-the.mass spectrograph. |

Two new, neutron-deficient cesium isotopes have been discovered by bombarding

stable-1127

(100% abundance) in the form of ammonium iodide with 50 Mev alpha=-
particles in the 134-inch cyclotron for periodé of from one to four hours. The
ammonium iodide was wrapped in_0.00l-inchvaluminum foil and bhombarded mounted on
water-cooled copner blocks., Many 60 Mev bombardmenté were nerformed as well as one
at.36 Mev on the 60-inch cyclotron. | |

The cesium radioactivities induced vere isolated froﬁ the target material b&

vee of the following chemical proceduvre, which on certain bombardments was

abridged with no change in resultss
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NH,I tarset. 20 upg Cs carrier .
few drops each of concentrated HNO3
and concentrated HC1l added. Ignited
to evanescence of all visible iodine
and ammonium salts. \\\

i

Volatile Matter ¥ . _ : ¥ Residue :
Xe, I,, F, NHj, etc. Taken up in dilute HNO,;
precipitated thrice with

AgNO, and HC1l to scavenge
any gemaining halogen
impurities.

Solution Remaining from AgCl Precipitations
Tellurium carrier added and then excess SnCly
(The Te step was §ubsequently omitted with no
change in results). \\\\

| “Precipitate
2 Te .
Solution Remaining
Made alkaline with concentrated
NH,OH and FeClq solution added.
Fe%OH)B was twice precipiteted
as scaVenger for any remaining
impurities. N

'j; | Precipitate

Fe(OH)3
Final Solution

Radioactive Cesium

Although the above chemical technicue yielded sufficient cesiﬁm activity for
gll experimental purposeg except mass spectrograph work, it became aﬁparant that
én appreciable loss of cesium radiocactivity was experienced in the open cfﬁcible
ignition to expell ammonium salts, since CsCl has considérable volatility at
10009 K. To confirm this, a tracer cesium run was made with the ignition procedure.
Some ammonium iodide was a‘ded to éeveral thousand counts/minute of tracer cesium
radiocactivity, a few drops of concentrated nitric acid and concentrated hydrb-

chloric acid and 20)pg of cesium carrier introduced, and the vhole ignited to
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evanescence of ammonium salts in a porcelain crucible, The residue wés again
counted on a nlate and a loss factor of 53% was obtained; this figure would be
much hizher on a target run. To prevent this loss and thereby isolate sufficient
cesium activity for mass spectrograph runs, an iodine sublimating apparatus was
employed. Figurc 1 éhows the cesium sublimator used to isolate radioactive cesium
from target ammonium iodide. Carbon dioxide snow was placed in the condensor a.
Freshiy-bombarded ammonium iodide together with a drop of concentrated nitric acid
and a few drops of concentrated sulfuric acid is introduced at g; The sublimator
is then closed and a low vacuum pulled at b, heat béing applied at g until complete
decomposition results, as evidenced by the lack of iodine color of the solution
remaining at ¢. The condenser becomes coated witﬂ free iodine and ice. The
decomposition occurs in less than one minute, and in three minutes the solution
ma% be withdrawn, nearly free from extraneous matter, for further chemical
treatment., This sublimating procedure reﬁlaces the open=~crucible ignition step in
th; previously described chemical procedure; the result is an appreciable gain
inltotal activity finally isolated in tho cesium fraction over the yield from the -
ignition methed.

| The gross decay curve, Fisure 2, always reproducible with 66 Mev alpha-
bombardments, was obtained from an argon§filled Geiger counter and was resolved
into a 5.5 hour, a 31vt0.32 hour, and a long 20-day activity. It subsequently

developed that this long 20-day t2il was in reality gaseous xenon daughter of 34

- day feaorted half-1ife? slowly diffusing through the cellulosc tape covering the

saﬁble, giving the appearance of a 20-day activity. Occasionally, the chemical

précedure was finished in time to allow observ#tion of a half-hour cesium activity.
A crude maznetic spectrometer ("bender") was used to aid in characterizing

the radiations emitted from the two now cesium activities. It was found that the

5.5 hour cesium emitted positrons of maximum energy 1.2 Mov, checled recasonably
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Sublimator used to separatc radiocactive cesium from ammonium
iodide target material., Target NH,I and HNOB'with Ho80

and carrier Cs if desired are introduced at €. CO, snow is added
to the condenser a and a low vacuum pulled at b, while bunsen
burner heat is applied at ¢. In three minutes complete
decomposition is attained and the solution at g, free from
iodine color, is ready for further chemical use or mass
spectrograph runs.

&
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Gross decay curve of cesium radiocactivities induced by 60 Mev
aelpha-particles on ammonium iodide. The long 20-~day tail is due
to Xel27 of 34 days reported half-life? slowly diffusing
through the cellulose tape covering the snmple.
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well by values obtaiﬁed ffoﬁmalﬁmiﬁum an&-aiﬁminuﬁ-plﬁs-hefyllium absorption
cufves, one of which is shoﬁn in Figure 3. Thesc absorption curves zive maximum
positron encrgies for cal?? ranging from 0.94 to 1.19 Mev., The activity of these
positrons was followed on the magneﬁic spectrometer overnight and found to decay
with the 5.5 hoﬁr half-1life showﬁ below to correspond to 05127; The 31 hour
half-1ife, shown below to be cs1?? was fbund to emit internal conversion electrons
of 0.33 Mev cnergy by the crude magnetic spectrometer, and this value is rbughly
chocked by aluﬂigum and aluminum-plus-beryllium absorption curves, Figure 4, taken
after the 5.5 houf activity had effectively died out and when only 05129 remained
active. No positrons could be detectod emanating from the 31 hour clectron=
caﬁturing iéotope, cven with a rather sensitive countiﬁg rate meter installed
129 4

in the magnetic spectrometer, so that it appecars likely that 31 hour Cs a

pure electron-capturing isotone. The 5,5 hour positron-emitter, 03127, showed
O.Si lMev rmamma~-rays dve to annihilation racdiation on hard leadAabsorption measure=-
ments, and no ovidonce for ?amma-rayé of cnergy highor than this was obtained from
these lecad absorption curves. A mixture of two cosium activities, 30 minutes and
31 hours, was placed in an clectromagnctic radiation countcr and covered with
196.4 mg/cxﬁ2 beryllium absorber. This counter was fitied with a permanent alnice
maghet of 1600 gauss, and xenon-filled Geiger tube, of .such reometrical arrange-
@eﬂﬁ that all charged particles of.onorgy less than 2.4 Mev would bec bent away
‘from the tubc and not counted. A decay curve from this counter exhibited 30 minute
and 31 hour x-rays, with some gamma-radiation. This indicates that the 30 minute
and.31'hour cesium isotopes are clectron-capturing nﬁclei, but 1ittle can be said .
for 5.5 hour c~sium since it was formed in lowered yield ih this particular bombard-
mon£ due to thick target. This target consisted of a 1/8-inch diameter, 3 mil

platinum tube confaining a solid rod of free iodine. This constitutes a rather

"thick" target to 60 Mov alpha-particles, lcadine to an averasc bombardment cnergy
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Figure 3: Aluminum and aluminum-plus-beryllium absorption curves of a
mixture of 5.5 hour and 31 hour cesium activities, Curve A is a
straight aluminum absorpticn curve, while curve B is an aluminum
absor»tion curve with 196./ ms/em® beryllium absorber interposed .
between samile and counter. Curve B represents clectromasnetic:
radiation only. OCurve A exhibits a line of conversion clectrons

which is seen ncar the beginning of the curve.
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Figurc 4: ?Gesium absorption curve after 4 days of decay, so that Csl29
: only is active. Curve A is absor»tion in aluminum only; curve
B is aluminum absorption with 90.5 mg/cm? beryllium internosed;
curve C is that of conversion clectrons; and curve D is L x-rays
of cnergy of about 4 Kev rouchly. '
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127

less than 60 Mev, so that the yield of Cs was very much lowered rclative to the

yiclds of 30 minute and 31 hour cesium isotopes. This exveriment, and the bombard-

ment at 36 Mev mentioned subscquontly, lead one to consider that the 30 minute K-

capturc cesium activity is, in the absence of other evidence, cst30

csl28

s rather than
» on the basis of previous work>.
A soft lcad abéorption curve, Figure 5, was taken with both cesium activities,
5.5 hour and 31 hour; present with 599 mg/cm2 boryllium intorposed botwcen samplc
aﬁd Geiger tube; the.presence of a 31 Kev K x-ray is obsnrved in addition to -
0.51 Mev; annihilation radiation, Hard lead absorption curves showed no cvidence
of gamma-rays harder than 0.51 Mev emitted by any cesium isotone studied. It
was observed that the 30 minute cesium activity also cmittod a‘gamma-ray of 0,51
Mév, but no experimonts have beén performed as yet to detormine whether the 30
minute activity also cmits positrons. In aluminum and aluminum-plus-berylliﬁm
absorption curves, in pure boryllium absorption curves, and in x-ray counting, L-
x¥rays have been obscrved from the 31 hour activity, after all other cesium
activitics had deca&od out. | |

- It is intercsting to.note that when ammonium iodide was hombarded with 36
Mev alpha-particlos on the 60-inch cyclotrbn, the cesium radiocactivitics isolated
héd n6 obscrvable positrons on the crude magnetic spectrometer and cxhibited a
gfoss decay curve having~only,30 minute and 31 hour cesium activities, while the
5}5'hour positron-émittcr was conspicuously absent. This decay curve is shown in
Figﬁro 6. Evidently, 36 Mev is below the practical threshold fér productionhof

127

obscrvable quantitics of Cs™ ', a fact consistent with presont ideas .on excitation

functions for (a,xn) nuclear reactions. .
To make thc mass number assignments of these now lisht cosium isotopos, both

mass spectrograph and daughtor xcnon isolation cxperiments were porformed. The

. o
proof for the gonetic rolationship Csl?7 B0, %627 w11 ve discussed first.
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Soft lead absorption curve taken in the presence of 5.5 hour and
31 hour cesium activities. OCurve A is the experimental curve,
with 599 mz/cm® Be interposed. Curve B is a 31 Kev K x-ray
resolved from Curve A.
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Gross decay curve of cesium radioactivities induced by bombarding
NH,I: with 36 Mev alpha=-particles on 60-inch cyclotron for one

hour. The presence of 30 minute and 31 hour activities is noted,
but the absence of the 5.5 hour activity induced at higher energies
and the absence of the long 20 day tail of xenon daughter dif-
fusing through cellulose tape cover are conspicuous.
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It was carly suspocted that the apparcnt 20-day teil (Figurc 2) in tho gross cesium
decay curves was perhaps the oreviously rcoported 34 day X0127, gradually diffusing
through the ccllulose tape covéring the samples; to test if this wore derived
only from the 5.5 hour cecsium pogitron-cmitter and not from the 31 hour K-capturing
activity, repurification experiments werc performpd- iﬁ which a sample of aﬁ initial
mixture of the two activities was dissolﬁod in 1:1 HC1 after the 5.5 hour coesium
isotope had cffectively decéyed out; but while the 31 hour cesium was still very
acti&e. The zascous xenon daughter radioactivity was expelled by boiling, the
activity again placed on a sample blato, covered with cellulosc tape, ~nd the gross
decay followed and comparcd with a similar sample which was not so repurifiod;
These repurification experiments are shown in Figure 7, vhoré curve A represecnts
the decay of the cesium sample thus repurified and vhere curve B shows another
siﬁilar shmple from the same bombardment which was not repurified and consequently
tailed out to the long 20~day activity characteristic of 34-day daughter Xe1?7 .
diffusing through the cellulose fape. This experiment established that the xenon
daughter was growing from the 5.5 hour positron-smitter, rather than from the 31
hour K-capturing isotopé.

| To establish the fact that this xenon daughtér ﬁas actvally the 34 cday
Xej"?"7 reported in the literature to emit a 0.9 Mev gamma-ray’z, a bombardment of
freshly-isolated cesium, containing both 5.5 hour and 31 hour activities, was
placed in an apparatus on a vacuum line. This apparatus, Fiéure 8; consisted of
thfee 5 cc pyrex glaés bulbs, each of which was fitted with a stopeock £, and a
connecting tube g into the bottom of vhich the ®sium sample was introduced; A
pl@g of glass wool ¢ and a circular loop in the glass tube connecting each bulb to
ité stopcock prevented the possibility of any non-géseous radioactivity from being
medhanically carried into the bﬁlbs d. The bulbs and apparatus were evacuated at

a to 10'3 m of Hg after introducing the cesium sample, and vhen evacuated, the
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Fi-ure 7: Repurification experiments showing that the long 20-day
tail is due to xenon cdaughter which grows from the 5.5 hour posi-
tron-emitting cesium only, and not from the 31 hour isotope.
Curve A shows a sample from which the xenon was expelled by
boiling after all 5.5 hour activity had effectively died, while
curve B shows a gross decay of a similar sam»le not so repurified.
The time axis of both samples is identical. '
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Figure 8: DIirect vacuum~-line isolation of daughter radioxenon from

cesium, High vacuum is pulled at g. The cesium sample is intro-
duced at b in a connecting tube g. The ~aseous xench daughter
is colleeted in' pyrex bulbs d, fitted with circular loops g
and stopcocks f. To reach the bulbs, the xenon must filter through
a plug of glass wool c. At the time of collection, b is flamed
gently while d is cooled in a beaker of liquid nitrogen, then
quickly sealed off below the loop.
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apparétus was closed off from the rest of the vacuum line. The first bulb was
opened to receive any radioxenon which mirht emanate from the cesium sample.

After 5.5 hours, the cesium sample Was heated with a flame gently to expel gases
while the first bulb was cooled with a beaker of licuid nitrogen in order to collect
the maximum yield of any daughter radioxenon in the bulb. The bulb was then
quickly sealed off below its stopcock from the rest of the apparatus,vmounted on a
suiteble counting card and counted under a Geiger counter. About 109 counts/
minute were observed, due to the reported 0;9 Mév gamma ray emitted by Xelz7;

the walls of the bulb were too thick to permit transmission of very much of any
leas penetrating radiation., This correspondS'to.almoét S0,000 actual disintégra—’
tions/hinute of radioxenon, assuming 20% geomefry and 2% counting efficiency of the
Q;9vMev gamma ray, representing an excellent yield of daughter xenon under condi-
#ioné nrevailing in this experiment. The decay of the activity in this bulb was
followed for abuut six weeks and gave a half-life of 30 to 35 days. The apparatus
ﬁas reevacuated after the 5.5 hour activity had effectively died out, and the
second and third bulbs, exposed to collection of xenon after the 5.5 Hour activity
had died, gave no counts. This experiment was repeated on tw§ other bombardments
with similar results.

.. This direct vacﬁum-line isolation' of radioxenon daﬁghter established that not
only did the xenon emanate from the 5.5 hour cesium alone, but that the 5.5 hour
éctivity must be 08127 if the éséignment of the 34 @ay xénoﬁ dauzhter activity to
X6127, based on 1127(p,n)X9127 reaction with 5 to 6 Mev pfotons, was correct? .

‘ After many attempts to obtain mass spectrograph proof of the mass numbers of
the 5.5 hour and 31 hour cesium activities; loss factors for ceéium salts were run
én the mass spectrogrgph‘i to determine which salt would be nost apt to yield
successful mass spectrograph results from a thermally-ionizin~ éource. The in-

feresting results are shown in Table I.
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Table I

LOSS FACTORS OF VARIOUS CESIUM SALTS ON THE MASS SPECTROGRAPH

_Salt ' Loss Factor
Cesium Nitrate, CsNOB 3 ' 1;4 X lO6
Cesium Chloride, CsCl 8.3 x 104
Cesium Sulfate, Cs,50, - 180

F e T T

Siﬂce the geometrical loss faétor on the mass spectrograph is of the order of
50, with cesium sulfate at least 25% of the cesium is ionized; One expects 100%
ionization under optimum conditions, because of the very low ionization potential
(3.87 volts) of cesium. The very low ionization of the chloride and nitrate
salts is probably due to greater volatility in vacuum. The presence of ammonium
saits or other foreign matter operates to lowar the ionization efficiehcy by
inéreasing mechanical loss of chunks of material from the nlatinum filament. Only
by increasing the yield of activity by use of the sublimator combined with especial
care to prepare practically weightless samples of the sulféte of the radioactive
cesium isotopes, instead of the previously-tried chloride, were successful mass
spectrograph results finally a_t‘oained-. :

Mass épectrOgraph plates showing dark lines at mass numbers 127, 129, and 133
(stable carrier) were obtained, and transfer plates showed fhe radiocactivity of |
lines 127 and 129; after the 5.5 hour cat?7 activity had effectively decayed out,
thé'radioactive line at mass 12¢ still gave good transfer plates;_ This is shown
in Fipure 9, which consists of microphotometer trécingé of the original mars spec-
trogzraph plate and three trahsfer plates made at desirmated times after bombardment;)

These results conformed exactly to all previous evidence and predictions con-

127

cerning Cs” mass assignment. Mass spectrograph runs with excellent transfer

plates were repecated in a total of three bombardments. Although the 30 minute
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Microphotometer tracings of_ mass spectrograph plates showing

0s127, Cs129, and stable Cs133, Transfer plate #1 was exposed

to the original plate, emulsion to emulsion, immediately after
removal from the mass spectrograph and remained on for 24 hours,
when the crude masnetic spectrometer showed very few remaining
positrons; then the transfer plate #2 was exposed to the

original plate for about 43 hours, when the crude spectrometer
showed no positrons but only conversion electrons; then _
transfer plate #3 was exposed for another 72 hours, approximately.

This proves that the positron-emitter with the 5.5 hour half-life
is mass 127, and the 31 hour K-capture isotope is mass 129,

i
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cesium activity could not be observed on the mass spectrograph, one tentatively

. 130 v . s .
assigns. it to Cs 3 on the basis that it was first made3 with low energy aloha-

~ particles on iodine, and in the absence of evicdence to the contrary, it is assumed

that our 30 minute cesium activity, which is formed both at 60 Mev and 36 Mov,
is possibly the same isotope.
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