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The Isomeric State of'Y88 in the Decay of'Zr88 1
E."K., Hyde, M, G. Florence and A. E, Larsh
' Radiation Laboratory
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October 27, 1954

ABSTRACT

The 85=day activity Zr88 decays by electron capture to Y88m which .

de~excites by emission of 395-kev gamma radiation with a half life of
0.37 £ 0.03 millisecond. From the half life and the conversion

coefficient the transition is characterized as E3.

Trhis research was carried out under the auspices of the Atomic Energy

Comrnission,
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The Isomeric State of Y88 in the Decay of'Zr88 T
E. X. Hyde, M. G. Florence and A. E. Larsh
Radiation Laboratory

University of California, Berkeley, California

October 27, 1954

I. . INTRODUCTION

A preliminary report on the nuclide-Zr88 by Hyde and'O'Kelle'yl showed

~that it decayéd.by electron capture with a half life of‘many‘months‘into

the WellwknoWn,lOS—day isotope Y88° An accurate value of 85 days was

‘given la.tero2 Prominent in the deecay was a single gamma ray of 406 kev
as determined in a beta-ray spectrometer. No positrons were detected

‘nor were any other gamma radiations observed.

Recently we have restudied the gamma radiation of this isotope in a
scintillation spectrometer. The activity was prepared by bombarding
0.005=inch thick foils of pure niobium metal with 100-Mev protons in
o . 88 | I3 88
the 184-inch cyclotron, whereby Zr = is produced by the Nb””(p,2pln)zZr
reaction. The target was set aside for two months to allow complete
decay of all interfering zirconium activities, principally 80-hour Zr89;‘

At the end of this time a pure sample of-Zr88 was isolated by the radidm

chemical procedures previously described,l

TThis research was carried oﬁt under the auspices of the Atomic Energy

Commission.
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The gamma radiation was studied in a sodium iodide crystalsbhotomulm

03‘

tiplier tube combination coupled, after suitable amplification,7to a
50=channel electronic pulse-height analyzer. .As shown in Fig. 1 a
single gamma ray was detected. By repeated calibration against the gamma

Zhl (59.8 kev), Cd;o9

standards U235 (18h kev), Cs 131 (662 kev) .-
‘(87 kev)y Na’ (510 kev), Hg 203 (279 kev), and Nb95 (745 kev), the
energy was determined to be 395 kev° This is believed to be more
‘ accurate than the previous betawray spectrometer value of 406 kevo ‘No -
other gamma radiation was-detected nor was there any ev1dence of
annihilation radiation from positron decay°

.Isomerism in the Y88 daughter was established by an x»rayagamma ray
coincidence experiment carried out with the assistance of Frank S Stephens°
:A set-up was used in which the sample was placed between two .sodium
iodideephotomnltiplier'combinations facing each othera .The gafe crystal
was encased 1n beryllium.rather than aluminum to 1ncrease the transm1s51on
of 15=kev X-rays. The output of’ this crystalmphotomultiplier assembly
wag applied to a s1nglemchannel pulse=he1ght analyzer to allow selection
of pulses corresponding to the x=rays and these were used to gate the
coincidence circuit7 The output of the second crystelmphotomultiplier
combination was applied.to the signel gide of the coincidence circuit°
Those pulses arriving in coincidence with.the gate pulses within the; —
rather.slow resolving time of 5 x.loﬂ6 second were displayed on the
50-chanmmel pulse-height analyzer. Experiments performed in this appara- v?
‘tus. with pure samples ofzr88 showed.cor_l_ciusiveij that the 395=key _- o \)

gamma ray was not in coincidence with the x-rays, indicating a delayed .

state in YOO with & half life longer than 5 x 10 second,
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Application of the Montalbetti3 nomogram of the erisskopfl}’5 formula
for half lives of isomeré indiéated-thé following predicted.meanvliveé
for various transition types: 2 x 10“9 second for E2, 2 x 10”7.second
for M2, 8 x ld’& second for E3, 0.8 second for M3, 13 minutes for EL,
and 2 hours for Mk. .Conversion would affect these values but littlecév.
Chemical experiments in which yttrium daughter activity was rapidly
separated froﬁ the Zf88 parent activity and exsmined for the 395=kev

gamma, radiation were negative, indicating a half life shorter than a few

seconds., Hence it seemed apparent that the transition was E3 or M3 in

‘nature and that the half life might be expected to lie in the region

of 1072 to lOmLL second. A delayed coincidence technique was applied to

this problem with success,

II. MEASUREMENT OF THE HALF LIFE

A weak sample of‘Zr88'with a disintegration rate of a few hundreds

per minute and mounted on aluminum foil was placed between the two sodium

iodide ecrystals mentioned above, .The side of the aluminum foil on which
the activity had been evaporated faced the beryllium covered crystal. As

befbre, pulées corresponding to 15 kev x-radiation intercepted by the

‘gate crystal were selected by a single-channel analyzer. The output of

‘the analyzer was fed to the trigger input of a Tektronix-514D oscilloscope

to start a trace across the oscilloscope'faée. The speed of this trace
could be adjuéted with fhé stanaard conﬁrols ofjthe Qscil}loscope° .The
pulses from £h¢ signai crystal were fedvto the vertical deflecting
systemiof the o_s‘cilioscope° Signélupulses arriving_in prombt coinéidence

with the 15-kev trigger'ﬁulses were displayed as dots at the start of the
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trace., ,Thevhedght of-the dots above the base line was proportional to the
energy of the detected gamms, radiation. These eignal pulees appeared as
dots for the usual reason that the duration of the flatwtopped:pulse
(7 microseconds) was greater than the rise and decay time. Any delayed
gemmasray_signél pulses or randomly occurring chance pulses which arrived
. during‘fhe~sWeep appeared as dots at a‘corresponding distance from the .
:Start of the‘trace°

A Poloroid Land camera was used to take exposures of 4 minute's -
duration of the scope face. When the sweep speed was set ata0,3'milli=
second per centimeter s finished photographvshowed a band of'dots at a
height corresponding to the 395-kev gamms ray decreésing in'intensity.
across the horizontal time scale. Dots at lowervenergies_corresponding
to the Compton scattered radiation were also observed. An_exact time
scale was printed on the photographs by impressing a sine .wave of
1200 cycles per second from a calibreted signal generapor On-phe verti-
cel deflection plaﬁes of-th.e;oscilioscope° » “

To extract the data recorded on the photographs the -395 % ZOmkev
-energy band was marked off by pen01led lines and the horlzontal time scale
was marked off in unlts of 333 mlcroseconds (1/2 the perlod of the |
1200 cycle sine wave). .The dots in each square were then counted under

a low-power microscope., The number of dotsvper square were plotted*on

semilogarithmic graph paper as a function of the distance (time). Figure 2

ié a compoéite plot of the data from 17 ph.otographs° The'half:life‘Of'
0. 37 millisecond. is believed to be good to +O 03 mllllsecond
A common dlfflculty in thls type of experlment is that halatlon |

from the base llne on the osc1lloscope screen fogs the photograph durlng

v
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the necessarily long exposure times. This difficulty was .avoided by not
using the normal unblanking circuit of the TektronixFSlAD.oscilloscope,
Instead, when the positive signal pulse from the crystal-photomultiplief

amplifier combination was fed to the vertical deflection system as

-mentioned above, it was simultaneously fed to an inverter circuit

which inverted -and amplified the pulse.  The‘re§ul£ing'négative pulse
was fed to the cathdde inpﬁt post on the oscilloscope to unblank ‘the
trace,at fhe instant a signal‘appéared on the vertical deflector.

.The Zr88 ié'an almost ideal case for the application of this,delayed
coincidence method inasmuch asvno,extranéous radiations are preseht,
élthough we have applied the method successfully to the measurement of .a

90

10-millisecond delay in-a gamma ray associated with Mo’  where an .
appreciable ¢hance background had to be considered,7

" . The 0,37-millisecond half life corresponds most closely to the E3
half—lifelprediction, although M3 probably cannbt.be ruled out, In Fig. 3\

is shown an unpublished curve by 0!Kelley showing the conversion lines of

“the -395-kev transition. The K/L ratio is 10. With presently available

empirical data on K/L ratios8 or theoretical calculations of L=shell
conversion coefficients no clear choice between E3 and M3 can be made

on the basis of thiva/L ratio .although M3 appears to be favored.

JIIT. MEASUREMENT OF THE CONVERSION COEFFICIENT

A sensitive test‘of'transition type is the Kashel; conversioh’
coefficientp' Exact theoretical value for>the-fransitidn undér'discussion
can be taken from the théorétical-curvesnof Rose et 51;6 The expected K.

convefsion coeffiéients afe 0,03 for E3 and'00065 for M3,
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An experimental measufement of the total conversion coéfficient (which,A
within the experimental.errof,‘can be equated to the K-shell conversion <
coefficient inasmuch as the K/L ratio is large) was made in the following
way.

A samplegof freshly purified Zf88 was mounted on aluminum and counted
‘in a GM counter which had been calibrated with a Bureéu of Standard's
‘RaDEF beta sténdérd, Beryllium and aluminum absorption curves‘were run
to determine thét 55 percent of the activity detected through no abso?ber
was assignabié to conversion electrons, the remaining 45 percent being
due to the much less efficiently counted x-ray and 395-kev gampé_ray
~photons. The electron éouﬁting rate was corrected-for geometry and a
.backscattering amounting to 10 percent, which yielded a vdlue of
6350 electrong per minute for the sample.

The gamma—fay emission rate was measured by duplicating Fig. 1 with
. this parﬁicular sample, usingvaAsample position about 4.5 cm away from
-the:l-inch x 1 l/Z-inéh.sodium iodide crystal. Thg geometry factor of
this;bsimxxiwasknammﬁo.ge 3.8 percent from measurements of the phOtoj'
peak of the 59.8-kev.gamma ray emitted by an Amzul sample of known alpha
disfntégratioh rate. The area under the photopeak of the 395-kev gamma
ray was corrected for this geometry factor gnd for a 27'peréent photopeak
.fefficiehcy to calculate an absolute gamma.emissioﬁ_raté.of'26l,OOOLp§;;_

minute.
\7/
The ratio of conversion electrons to gamma ray photons was 0.02k.

The number of -conversion electrons was checked by counting the same
Zr 8 sample in an-anthracene crystal-photomultiplier combination coupled

\

to the'SO—channel pulse-height analyzer. Because of the low conversion -
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coefficient the conversion electron"peak_was obscured somewhat by Compton'
scattered electrons, but the contribution to the observed electron spectrum
from this source was ea51ly found by rerunning the spectrum with a‘
120 mg/cm2 aluminum absorber between the sample and the crystal to absorb
the electrons. | | | |

The counting‘yield of'the geometrical arrangement used in this.‘
measurement was calibrated by counting a sample of Cs137 under identical

conditionsq .The conversion electron line at 625 kev was eas1ly resolved

from the B8~ spectrum The conver51on coeff1c1ent of | the 662-kev tran51—

tion in the Cs 137 decay is O l.8 By counting the gamma—ray photons in

the sodium iodide spectrometer, integrating under the photopeak correcting
for a crystal efficiency of 12 percent and correcting for geometry,tthe
absolute number of conversion electrons expeCted from.the_sample Was
calculated and comparediuith the observed electron counting rate. The
counting yield figure so obtained was 23 percent.

This number»was used’to cOnvert the observed electronhcounting rate
for the Zr88 sample to an absolute disintegration rateb- This number:was
l?'percent higher than that foundvin the-GMicounter, yielding a conversion
coeffic1ent of O 027 | | -

Con51der1ng the errors in the measurements, the final value Tor the
totalrconvers1on coeff1c1ent can be given within the limits O,QZ5 * O.,Ol°
Hence the conversion coefficient clearlyjfavors E3 rather'than.Mé forv

the transition type. !
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IV. DISCUSSION

;The ¢.37+millisecond activity decays‘into;and is isomeric with the'
105 day Y88 whose decay scheme is well establlshed 2 The great magorlty h
of nuclear isomers can be related to the nuclear shell model as has been
shown cOnclusively in the review of'Goldhaber and Hill, 10 Even in the case
of odd-odd nuclei the conflguratlons of the individual odd partlcles
correspond to’ the predlctlons of the single partlcle model and 1somers
can occur when the odd neutron or proton lies Jjust beneath a completed'
shell. In this new example the odd proton and odd neutron numbers are
39 and h9, respectlvely, and the 1somer1sm can be attrlbuted to the closed
shell at 50 partlcles | | |

Emplrlcal data from many nuclldes show that f /2, p3/2’ pl/z and
even g9/2 levels are avallable to the 39th particle. The 49th partlcle
may be elther g9/2 or pl/z It cannot_be predlcted with certainty whlch
of these pos51ble orbltals will be occupled or how the odd neutron—odd
proton orbltals will cou.plen Nordhelm s rulell is useful for'ground
state predlctlons, but it has many exceptlons,12 'In the.case of the
'-105 day ground state of - Y88 the sp1n is 4 with odd parlty resultlng
from a pl/2 proton and a g9/2 neutron. Inasmuch as the O. 37—mllllsecond
gamma, tran51t10n 1s E3 (Al = 3,yes), the isomeric level must be +1 or
S+ Us1ng the orbltals Just mentloned the only llkely choice. 1s +l‘*“
resulting from a pl/2 proton and a pl/2 neutron. An addltlonal reason | ) | U
excludlng"tf is that the even-even.Zr88, presumably with spin 0, would , \g

not be expectedto show prominent electron capture decay to a +7 state.

' There are several other -examples of odd-odd'isomerism in this mass

region. The most closely related examples are %Rbgg'(z isomeric .

3
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forms)lo )13,k and LLlezg'(&i-someric forms)7 which differ from Y88 only
in the subtraction or addition of Z protons. ‘In_addition,.Rth and.Nb9lL :

exist ih‘ieomericvarms,
It perhaps should be mentlohed thet an isomeric ferm ef Y88 with

propertles dlstlnctly different from the one reported here (2 hour

p051tron emltter) was publlshed many years ag09 but that later workers

have shown this report to be in error.15
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Fig. 1. Gamma spectrum of pure sample of 'Zr88.
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Fig. 2.
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Decay curve for ¥ . Ddata compiled
from 17 photographs as described in

.text.
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