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ABSTRACT - o
8 .83

The neutron-deficient yttrium isotopes Y ,'Y , and YBLL have been

- produced by irradiations with the Berkeley heavy-ion linear accelerator.

Where possible, identifications were made by establishing genetic relation-

ships with known daughter or granddaughter activities.. The half-life of Y8u

determined by direct decay is 39%t1 min. By a series of timed chemical

82

separatidﬁs, the following half-lives have been established: Y, 9+3 min;
Y83, 8+2 min. No information pertaining to the radiations emitted in the
84

decay of these yttrium isotopes, other than Y~ ', has been obtained. The gamma-

8L
ray spectra of Y and Sr83 are shown.
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THE NEUTRON-DEFICIENT YTTRIUM ISOTOPES Y82, Y85, anp v

V. Maxia,iiww‘He Kblly,* and'Dl-J?-Horen

Lawrence Radiation.Laboratory
University of California
Berkeley, California

* December, 1961

1. INTRODUCTION

.Early'attempts to study the decay{df Y82.revealed‘that-its.halfwlife
was.much.shbrter»than‘the 70 minutes previously reported‘by Caretto and_Wiig,l

- 8
These authors also reported the half-life of Y 2

85m

as- 5 hours. From other work

was chemically separated4from.ytt£ium'at

85

at this laboratory, in which Sr

regular intérvals,,it was found that Y ~ has aquhr-half-life.2  The_appafent

85

disagreément in. the half-1ife for Y7 as found,by Carettb and_Wiigl and Kim

85 >

et aloe has;beehvresblved by the discovery of a 5=hr- isomeric.state in Y 7,

The>preseht ﬁork was undertaken. in order to élérify the situation pértaiﬁingA
to the neutron-deficient yttrium isotopes with A S 8. .In this paper we report

82 83

8L
on .the identification.of ¥ , Y 7, and ¥ . -

1. A. A. Caretto, Jr., and E. 0. Wiig, J. Am. Chem. Soc. T4, 5235 (1952).
2. Y. E. Kim, D..J. Horen, and J. M. Hollander, unpublished data.:v

3. D. J. Horen and W. H. Kelly, to be published.

Permanent address: Laboratorio di Radiochimica, Universitd &i Pavia, Pavia, )
Italy. ' h

On.léave from the Department of Physics and Astronomy, Michigan.State
University, East Lansing, Michigan.

% Work done under- the auspices of the-U.S,'Atqmic Energy Commission.
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2. EXPERIMENTAL METHOD

The Berkeley;heavy—ion‘lineaf_accelérator'(Hilac) was used' to. produce
neutron-deficient yttrium isotopes by thé reactions As75(012,xn)‘}‘{87_X and
Ga69(6l6,xn)M85;x. ~ For convenience,rmgst of the data were obtained from
vvbémbardmenfs of thick~targeté of powdered arsenic meﬁal-with.abqut: 120-Mev
carbon .jons, ﬁﬁile other‘reactions were mainly used for cerroborative purposes.
The irradiatibn.times varied from 5 min to 2 hr, depending;upon.the particular
.activities'beihg sﬁudied; The yttrium activities reported herelwere also
-produéed-by,spailationvof natural strontium with 240-Mev protons in the
Berkeley 184-inch cyclotron. To aid in the,idéntificationvdf Y8u, a few
.milligramé of enriched Sr8h+-were.irradiated with 5- and 15-Mev deuterons in
‘fhe Crocker 60-inch Cyciotron:

The half-lives of Y°2 and YO0

were determined by establishing their ™
'genetié relationships to known strontium éndnfubidium.isotépes_by means of

~ timed chemical sepérations’df daughter actiVities;, Photon spectra were
‘éxaminéd with'ax7.62-cm X T7.62-cm NaI(T1) cfystal mounted on a Dumont 6563
photomultiplier -coupled . to a multichannel pulse-héight analyzer. -Positron
spectra were measured‘with a2.5-cm diam. X 1.25-cm plastic scintillator, and

gross beta counting was done with an‘énd—window, flowing-methane proportional

counter.

T Obtained‘ffom separated Isotopes Division, Oak Ridge National Laboratory,

Oak Ridge, Tennessee.
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5. CHEMICAL PROCEDURES

After irradiafion,"thebarsenic targets were dissolved in hot éqda g
‘ ;egia and beoiled to drynesé. The residue &as dissolved in 5 ml of O.1. N HC1

from which the yttrium was extractediinto a:lO-ml solution of 1.5 M di-e-.'
ethylahexyl phosphéric acid\(i.e., HDEHP) aﬁd toluehe.u The organic phaSe;,
éontainihg the yttrium activities, was washed several tiﬁes ﬁith 0.1 N HCi,
after which timed chemical sefafdtibns (milgs)-of the daﬁghterLStrontium
and fﬁbidium activities wereréoﬁduéted by washing with 0.1 N HC1l. The
"milk" intervals were varied from 5 to 17 hin in different experiﬁents.

In some experiments the strontium énd rubidium fractigns weré.

separated by using the standar@ techniQueé of.cépréCipitation of Sr(NOE)E'
with Ba(NOB)E by the addition of fuming nitric acid and chilling.”. '

L. D. F. Peppard, G. W. Mason, and S. W. Moliﬁe, J. Inorg. and Nucl. Chem.
5, 1k (1957).
5. D. N. Sunderman and C. W. Townley, The Radiochemistry of Bariumzxcaléium,

and Strontium, National Academy of Sciences - National Researéh_Councily

NAS-NS %010 (January, 1960).
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4. EXPERIMENTAL RESULTS
41 Yttriup-82 | | B
| After an irradiation of powdered arsenic metal Qith‘léO-Mev carbon
ions, the génetic relationship Qf Y82 to its daughter Sr82 was established
by a séries of_timed chemical separations (milkings). In ﬁhese expgriments
jttrium was extracted into a solution‘of toluene and HbEHP while strontium
ves back-extracted into 0.1 N HC1.

. Several‘days after thé milking experiments wefe‘pérformed, the
strontium fractions were chemically,isoléted and measured with the scintil-
lation spectrometer énd préportional‘counter. From these measurements it
was found that annihilation radiatibn,_a:weak 770—ke§ photon, and approximately
' 3-Mev positron branch decayed with about a. 25-day half-life. AThese'data |
“are attributable to the decay of Sr82 - Rb82 ; Kr82, since"it is known that.
25-d Sr82 decays by ele¢tron‘capture to 1.3-min Rb82, which in turn decays
to Kr82 with the emission of 3.1-Mev and 2&5#Mev positron branchesvand a
‘weak TTT-kev photon.6 By countiﬁg thg positrons with energies between 2 and
3 Mev, the yield of Sr82 as a funCtién of the time of the chemical separation
of strontium from-yttrium was obtained. Typical results are shown in Fig. 1.

From & number of such experiments, the average value obtained for the half-

life of Y82 is 93 min.

4.2 Yttrium-83
The gamma-ray spectra of the strontium fractions milked from yttrium
contained prominent peaks at 38, 375, 511, 770, 1160, and 1520 kev which

83

decayed with a 34-hr half life. This activity is assigned to Sr~, since

the latter is known to decay with a similar half-life with the emission of a

6. Nuclear Data Sheets, National Academy of Sciences - National Research

Council, NRC 59-1-67 (National Research Council, Washington, D.C.)
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Fig. 1. Yields of 2.0- to 5 O-Mev pos1trons of Sr82- b8?

decay as a function of time of chemlcal separation of
strontlum from yttrium parent
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' 1.2-Mev positron braﬁéh, v A typical gamma-ray -s‘pe.ctrumvof Sr83 isl shown
- in Fig. 2. Figuré 3 shows the yield of the 375-kev peak as a fun'ction_ofvt_he
time of the chemical separation of strontium from y’ctfiurn.~ Consideration -
of the data .from several experiments utilizing different production modes of
) yttrium and different milk.times leads to an average value of 82 min for
-the half-life of 'Y83. N -
4.3 Yttrium-84

- When the yttrium fraction obtained from the bombardment of
arsenic with C'lz. ions was chemically repu‘.rbified. approximately 2 hours
after the irradiation, the ‘garﬂméﬁray_ spectrum decayed wit}; .3-‘9i2 min
. (see Fig. 4). Strontium fractions chemically separated from the yttrium
. activity.at fixed.tifne intervals (40 fnin) contained oﬁly' 150- and 235-kev
photons arising from the decay éf Sr'85m -and.va, very weak 513-kev photon
from the ‘decayzr of S'f85. - The half-life of Y85 determined;in.ﬂthis way-is
3.0+0.2 hr, in good.ag.reement with ‘the results of Kim et aL»Z The 39-min
. yttrium a.cti.vit? was 'als§ prbduced by irradiating .strc;ntium enriched in
.Sr84 with 15-Mev deﬁterons, but not with 5~'=Mev deuterons. These data

- are consistent only with.the assignment of the 39-min activity to Y84n - This

half-life. is in good agreement with that obtained by Yamazaki et al. 8

7.. 8. V. Castner and D. H. Templeton, Phys. Rev. 88, 126 (1952).

- 8.. T. Yamazaki, H. Ikegami, M. Sakai, K. Saito, Y.  Hashimoto,

M. Fujioka, H. Ohnuma, E. Takekoshi, J. Matsumoto, and

A. Hashizume, unpublished data; and private communication .from.
M. Sakai (1961).
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Fig. 2. Gamma-ray spectrum of 3kL-h Sr83 taken with a
7.6-cm x 7.6-cm NaI(T1) crystal. A 0.75-cm carbon
absorber was placed between the source and crystal
Yo reduce bremmstrahlung and annihilation-in- -

flight photons caused by the positrons.
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Fig. 3. Yields of the 375-kev gamma,ray of Sr85 as a -’
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Fig. L. Collimated photon singles spectrum of 39-min
¥84 taxen with a 7.6-cm x 7.6-cm NaI(T1) crystal.
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DISCUSSION
‘In:this work, the neutron-deficient yttrium_isotopés.with mss

numbers 82, 8%, and 84 have been synthesized-and their half-lives found. to

Y

be considerably shorter. than those previously reported. Owinglto.lack of
time, no information has been obtained concerning the radiations emitted in

.the decay of these isotopes, with the eXéeption of Y8u.
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