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DECAY SCHEME STUDIES OF SOME,LIGHT'GADOIINIUM-ISOTOPES
-Virginia Anne Schultz

Radiation Laboratory and.Department1of_ChemiStry
University of California, Berkeley, Califcrnia

January 1957
 ABSTRACT
Informatlon on the excited levels in Eulu7 149, 151 and 153
was obtalned by studying the photon and conversion electron spectra of
gadollnlum act1v1t1es produced by alpha partlcle bombardments on samar—
jum and deuteron bombardments on europium. A new isotope decaying by

electron capture w1th .a 29 hour half-life was found and characterlzed .

i |
as’ Gdl 7. Sixteen gamma transitions were found.for Gdlu7, of whlch_the

v_strongest are ones of 229;49 and 396,21 kev, Of sixteen transitions

found for Gd;h9, the strongest occur at 149,86 .298 79, and 346, 70 kev‘
151

Nine transiﬁions_were found for G4 and: Gdl53 comblned, seven for a

‘probable_isemer of one of the isotopes, and eight for europlumvdaughtersL

' -Relative photon and electron intensities were determined for some of the

transitions, coincidence measurements were made, and accurate transition

']energiee were measured. Mulﬁipolarities’for a few of the transitions

are'assigned and a ﬁeﬁtative decay scheme for-Gd’l49 is'suggested,



finding levels of 69.4, 97.3, and 103.1 kev in Eu
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I. INTRODUCTION

Little work on.the decay schemes of the neutron deficient gado-
linium isotopes has been.done before, Church and Goldhaberl have reported
153 populated by the de-
cay of Gd 53. In coulomb excitation work, Heydenberg and Temmer2 have
found. levels of 82 and 18T kev for Eu 530 "In addition, they have tenta-
tively assigﬁedvablevél of 310 kev tovEul5l. Bhattacherjie énd'Raman3
have reported levels of 72+ 8 and 100 + 4 kev resultlng from the decay
of Gd 53, and in absorption work, Hein and '\/'015;,1:1‘L nave attributed a 265-

151 5

kev trans1tlon to the decay of Gd . Wilson and lewis” have seen a

level of 20 kev for Eul5l resulting from the beta deéay of SmlSl,

. The region arcund the light gadolinium isotopes;is of special
interest because of the many breaks in nuclear properties seen in passing
between 88 and 90 neutronms. In‘optical.Spectfoscopic-work, Brix and
Kopferman have called attention to Sharp isotope shift breaks in gbing
from 88- to'904 neutron isotopes. They‘ha&e-also observed! breaks in the
quadrupole moments of the europium isotopes, The large deformation ap-
proximation of the Bohr—Mottelson,model8 has been successful in describing
nuclei at N > 90, where rotational bands generally occur, The energies
of the first members of these bands are usually low, and the failure to

find such low-lying levels below this region indicates the inapplicability

or, at best, limited applicability of the model there,

Information on the excited levels in Eu147 1M9 151, and 153

- was obtained by studying the photon and conversion electron spectra of

gadolinium activities produced by alpha particle bombardmerits on samarium
and deuteron bombardments on europium. A new isotope decaying by electron
1hT

capture with a 29 hour half- life was found and characterized as Gd

. L . k7o
Sixteen gamma transitions were found'for»Gd ', of which the strongest
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are ones of 229, h9 and 396,21 kev, Of sixteen transitions found for
h9’ the strongest occur at 149,86, 298.79, and 346.70 kev., Nine

[
transitions were found for Gdl51 and Gdl’3

combined, seven for a prob-
able ‘isomer of one of the isotopes, and eight for europium daughters
Relative photon and electron intensities were determined for some of
the trans1t10ns, coincidence measurements were made, and accurate tran-
sition energies were measured, Multipolarities for a few of the tran-

149

sitions are assigned and a tentative decay scheme for Gd is suggested.

1T, EXPERIMENTAL PROCEDURES

A, 'Experimenté I and IT

1, Accelerator
The accelerator used in bothveiberiments was the Berkeley §O-
inch cyclotron, In experiment T, alpha particles were accelerated to 48

Mev and in experiment II, deuterons to 24 Mev,

2, Target Assembly »

' The target materials used to prepare'gadolinium isotopes were
samarium:and_europium, both in the oxide form, The rare earth oxide was
placed in a "boat" stamped in iO-mil'platinum foil, and a piece of 1/L-
mil platinum foil was used to cover the top. The dimensions of the boat
are approximately 2 ecm x 0,5 cn x 0,32 cm, The boat fitsvinto a standard
etarget assembly and is cooled by a stream of water directed at the back
‘of the target. ‘ | |
3. Chemistry

The platinum‘beat containing the'irradiated:rare earth oxides
was placed in hot 8& hydroehloric acid until the oxides dissolved, The
platinum was then removed and ammonia was passed into thevacid solutioen
until the rare earths precipitated as hydroxides, The precipitate was
removed by‘centrifugation, washed, and dissolved in & minimum amount .of
:8& HC1l, The gadolinium produced was separated from the remaining rare
earths by an ion exchange method identical to that described by Thompson,

Harvey, "Choppin and.Seaborg,9

The. column was 3 mm in diameter, 5 cm in
length and was heated to 87OC by a trichloroethylene vapor Jjacket, The

eluting agent was 0.k M alpha-hydroxyisobutyric acid buffered to a pH of
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3.93 with ammonium hydroxide, and the resin_Was'Dowex~507sphericéi4resin,
200-400 mesh size, 12% cross-linked, Since the maximum capacity of the
column was ~ 10 mg of rare earths, it was necessary to remove the bulk

of the target material by another method, A sodium amalgum reduction

~method, which depends on a rate and not eQuilibrium separation was used,

Sodium amalgam is capable of reducing +3 rare earth ions to the metal
and amalgamating thém; and since both éamarium and europium have +2
.states to act és intermediate states, the réduction of sm and Eu'' "’
is much faster than‘that of G@+++, This made the separation of gaddkhﬁmn

.from bothuthe samarium and europium targets quite easy. ‘The raretearths'

dissolvéd_in & minimum amount of 8N HC1 Were transferred to a separatory
fUnnel,'and 10 ml1 of water and 8 drops of glacial acetic acid (to main-
tain the hydrogen ion.concéntration)_were added, 0,3 percent ébdium
amalgam‘(lB ml for 150 mg rare earths) was added and the mixture shaken
for 10 seconds, After the amalgam layer was remo%ed, the remaining
agqueous layer seemed to' retain about lO%,bf'the original target material,
The prcéedure was repeated three more timeg in order ﬁo be sure that the
total rare earth mass retained was under 10 mg. Ammonia was passed into
the final aqueous_layer until the rare earths precipitated as hydroxides,
After washing, the precipitate was dissoived in a minimum amount of 1 N

HC1. The_pfeviously mentioned column procedure was then‘carriéd out.

L, Instruments
.a. Nucleometer:lO v ,

This is a methane—filled, windowless proportional counter,
which was used for following the activity of the'gadolinium isotopes
decaying by electron capture, It has a relatively high counting ef-
ficiency for electron capture. ' ' ' '

b. Alpha Counter:
 The alpha counter used is’an'argon flow-type ionization cham-
ber developed at the University of California Radiation Laboratory;. It
has a counting efficiency of 100% for thin samples and ‘a geometry of 52%
of bx (including a correction for backscattering of élpha-pérticleé,)
c. Lens Spectrometer:l - S

The lens spectrometer is a ring-focuSing; solénoidalvbeta ray
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: spectrometer using an anthracene qcintillation detector and glVlng about -
three percent resolution ' Resolu+1on 1s de ined as the Width AP’F>) of
‘a peak at half of the total peak heignt d1v1ded by the H P‘value for
the peak ~where H () is a measure of the eleotron momentum for a given
energy‘electron - This spectrometer was useful in early survey work be-
cause of its high transm1s51on ' _ '

d. Permanent Magnet Spectrographs.. _

| These four 1ns+ruments described by S.mithl2 are 180 ‘spectro—

graphs with fields of approximately 52, 99, 21k, and 3&0 gauss. They
are de31gnated as PM I, PM ITI, PM II] and PM v respectively Electrons
emitted from. the source .impinge on a photographic plate, and by prev1ouSly
-calibrating the 1nstruments with electrons oP known enerwies, one may
accurately‘determine the:energies -of conver51on electrons, The resolut-
ion of the instruments isvahOut 0.15%, and each one.is especially useful
in a particular energy'range In this work these 1nstruments were used’
to measure the energies of conver51on electrons

e, Densitometer: ‘ _

_ This 1nstrument, commonly used in optical spectroscopy, was
usedvto meagure the relative 1ntenSities of electron lines in permanent
magnet spectrograph plates, A light soulce and.photo cell measure
blackening as a function of plate pos1t10n and an.automatic receorder
transfers this to paper, The instrument is calibrated to record from
zero to infinite'blackening, and hence the peak heights must be put on
& linear scale before relative intengities can be determinedc' This is
done by using a D vs E curve where D is the photographic density (log:xo[l)'
and E is the exposure in arbitrary, linear units. The D vs’E curve used
© was determined_in.this laboratoryo12 The relative.intensity of ‘an elec-
tron line is given by I = A P/y wkere A is the area.of the densitometer
.peak ﬁ?is the radius of curvature of the electron and y is the blacken-
ing eff1c1ency;v This efficiency was determined as a function of electron
energy by Cranberg and Halpern]_'3 andDud.ley.ll‘L A is determined.by_ap-

proximating the peak as avrectangle with height, E , and

top _.Ebottom
. width, the w1dth of the peak in mm at Em ddle This method of measuring
intensities was taken in part from\Slatis,l5

f,_ Double-Focu81ng Spectrometer'l

The double-focu51ng spectrometer in this laborauory is a shaped-
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field, 2560, prismatic spectrometer with about 0,3% resolution, It was
not used for energy determinations; but good-ﬁalues fqr‘relative electron
intensities were obtained by integrating peaks for given lines.,

g. 100 Channel Gamma Analyzer: o

The 100-channel gamma analyzer 1s a gammea pulse height analyzer

used with a scintillation counter with a 1" x 1-1/2" sodium jodide crystal
and photomultiplier tube. Tt records data by means of a magnetic core
matrix memory, and is able to record at,relatively high counting rates,

It has about 9% resolution and was used for measuring gamma ray energies

and intensities.

5. Sample Preparation

' . After completing the ion exchange: separation of the target
material, the drops of alpha-hydroxyisobutyric acid solution containing
the gadolinium activity were combined in a tube and made 0.5 - 1 M in
HCl, This solution was placed on a Dowex-50, 4% cross-linked, 3 mm x.

5 cm column at room . temperature. :055 M HC1 was passed through 'until all
of the alpha—hydroxyisobutyric'acid was removed, and the activity was
then stripped off with 83& HC1l., Samples for,the nucleometer, alpha
counter, lens spectrometer, and double-focusing spectfometer.were pre -
pared by evaporating the HC1l solution down on appropriate sample holders,
For the permanent magnet spectrographs, the HC1l solution was evaporated
down to dryness, brought up in water,,énd evaporated down again to re-
move all_excess HC1. The activity was then plated onto a 10-mil platinum
wire from a solution of 0.1 M ammonium bisulfate at a pH of 3.6, The
‘procedure used was that suggested by He:-a.rveyl8 in Which-the wire is made
the cathode of an-electrolysis cellsv Since the hydroxide ion concen-
tration around the cathode is high, the rare earths are deposited onto
the wire as hydroxides. ' The wire was held in a bunsen burner flame fer
a few seconds before placing it in the epectrograph. A plating,yield_of

~ about 45% was obtained in most cases,

B. Experiment III

1. Accelerator
~ The Berkeley 60—1nch cyclotron, with alpha partlcles accelerated
 to 48.2 Mev, was used with a Faraday cup assembly,



2. Target Assembly: - : A
In thls experlment a stacked f01l technlque was used- to de -

termine ex01tat10n functions, = Samarium.oxide.suspended 1n.amyl acetate
.jwas'painted onto 2 mil'aluminum foil-discs one inch.in diameter (the
-area painted was 1.8 cm in diameter) In order to:rassure uhiformity,_
the palntlng was - done in about 100 layers, with t1me allowed in between
for the plates to dry. - Eight plates, Wlth an average thickness of 0.62
mg Sm /cm , were prepared and stacked with other alumlnum foils to

give target energies from 48 to 20 Mev in 4 Mev stages.

3. Chemlstrl

The targets w1th their: alumlnum backings were dissolved in 8N.
-HICY1 so that~any gadollnlum atoms re00111ng into the aluminum would not
- be.'lost. "Sodium hydroxide was“thenkadded until the solution was about
10 M in NaOH. ‘In this:step the rare earths precipitatedvas hydrbxides,
‘the aluminum went into solution as sodium"aluminate, and any sodiﬁm
act1v1t1es produced from alumlnum remalned in the: supernatant solutlon '
The’ Pprecipitate was flnally‘washed tw1ce with lO M NaOH and four tlmes

'w1th water.

4. Instruments’ o
’ The 'nucleometer, alpha cOunter,'and‘lOO-channel.gamma analyzer"

were used in this experiment,

'5.:_Sample-PreparatiOn

' The rare earth hydroxides were seml-quantltavely transferred
‘to Welghed platinum plates in slurry'form "After drying, the plates
~were flamed- to convert the rare earths to the oxide form and reweighed.

These samples were used in all three counters.

, III. RESULTS o
'A. Conversion Electron Spectra of Gar'l, cal’?, ca2t %3 ana

. - jEulh7-lh9'

In bombardlng natural samarium (3. 16% Sm%%&,”15.07% Smlh7’ g

1u8’ 13.849, Smlh9 150 15Aj

11.27% Sm 7, T smT7T, 26.63% sw2f, and 22.53% Sm
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with alpha particles, one would expecu to make . a varlety of gado;ln:um

isotopes. Among the‘unstable of these are Ga~ 148 (140 year a_lpha)y
Gdlug (9 day electron capture - alpha), Gdlj' (150 day electron

20

capture) and Gd153 (236 day electron capture). 20 In adai+ion, one

may- p0531bly expect to produce the unreported 1eotope Gd 17, by the re-
actions Sm— Lk (c,m) GdJ+7, and Smlh? (o, 4m) GQJLY, In the first bom-
bardment_of this_type, enough activity was made for survey work on the
lens spectrometer, Using europium binding energies to determine the
gamma, energies for given electron lines, the following spectrum, which

is shown in Figure 1, was seen:

Table I

Lens,Spectrometer Spectrum of Gdlu? - Gdlu9

Gamma Energy

(kev) ~ Jhell - Approximate helative Intensiﬁy Halfeiife

115 ' K very weak | ?

150 K‘ -strong 9 day
150 L moderatev 9 day
’229' K moderate 2 day

261 | K weak ?

299 K moderate \9 day

347 K moderete—strong 9 day
3h7 L moderate 9 day
396 K weak - 2 day

The two gammas with a 2 day half-life were tentat ively as-~
signed to Gdlu7p

In the second bombardment of samariuvm with alpha particles,
sufficient gadolinium activity was made for studiee in the permanent
magnet spectrographs and double-focusing spectrometer. - Electron lines
decaying with a 2 day half-life were'disfinguished from longer lived
lines by watching their’deéay;‘and Gd149'lines'(9 day) were identified
by comparing the intensities of 1linmes in permanent megnet spectrograph
_plates exposed at different times, All 1ineé whose intensities stayed
the same relative to the intensities of theé lines for the 150 kev gamma,
which was known to decay with a 9 day‘half life from lens spectrometer

149

- work, were assigned to G4
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To study the longer-lived iines Experiment IT Was‘carried out,

In this experiment naturally occuring europlum, which is composed en-

tirely Qf.Eulsl and Eu 153 2l was bombarded with deuterons to produce
only'Gd.'l51 and heav1er gadolinium isotopes, Some of the long-lived lines

in the Experiment.I plates could be a551gned to Gdl5l

or gat?3 (the two-
could not be dlstlngulshed) 1f‘they appeared in the Experiment 11 platee,
but others were left unassigned. The unassigned lines all had approxi-ﬂ
mgtely the same half 1ife, which is.much_greater than 9 days. They also
definitely belonged to some gadolinium isotope since the energy differ-fi
ences between the gamma, energies and the conversion eiectron_energieSi
corresponded to europium binding energies; .The possibility that  these
lines belong‘to an isomer of one of the gadolinium isotopes should be
considered. Lines appearing in later plates which did not appear in
earlier ones were assigned to Eulu7_lh9. They were so assigned because
the energy differences between the gammé energies and the conversion '
electron energies corresponded to samarium binding energles and because
they failed to appear in the flrst plates 147 2z has a half-life of
2k days, Eu k9 21 151 153

one of about 120 days, and lines from Eu and Eu’

should not be seen since these isotopes are stable, ‘

Table IT lists the gammas assigned to the various isotopes
with the lines seen for each. The intensities given are visual ones
read from the permanent magnet spectrograph plates, In cases where only
one weak line was seen, it was a551gned as a K line if seén more than -
once and_neglected if seen only once, Energies are given to the neagrest
0.0l kev if five or more different energy determinations were made and’
to the nearest 0.1 kev if less than five were made. The energy valueev'
listed are arithmetical averages of the values obtained from several
lines in several plates, Although one of the spectrographs may be bet-
ter than the others for a particular energy_region,_no weighting of
energy values was done, This is-because a,spectregraph gobd fo a given-
energy region shows more lines than one good for other energies, and
weighting is therefore automatic. Table ITI gives ‘the data used in de-
termining the energy for the 115.48 kev long-lived gamma. Using 16
electron lines from three different spectrographs, an average deviation

of . O 12 kev was obtalned
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. Table IT.--
Transition . . Visual Relati%eflntensities*
Energy Lines ' :
Teotope  (kev)  wen K 4 %, kMM
Gdlh? 136.1 K VYW
1k2.2 K WM
146.8 K W
217.3 K VW
2264 K VW
- 229,49 X L Vvs W
3 "Ml’Nl VW VVW .
240.9 K W
261.01 KL~ W uW
310.1 K W
- 3483 K _ VVW
370.1 K Li’ W VVVW.
3745 K VW
390.6 K VW
396.21 KL M M-S W YW
485.2 K VVW
. 501.9 K VVW
cat™d 1106.6 K VW
119.8 K W
126.06 KL,  W-M W
132.0 K W-M
| 149.86 KL L, VWS VVsS . W
LM N VW w-M W
2Ly 3 KLy VW VYV
252.7 K VVVW
272.67 K'Ll;2 W YW
.Mi“” ”: -
298.79 KL, WM Aw?
3h6f7o ' K L, Vs . W
Mi Nl | VW . VVVW
460.6 K AL

496.5 KL _, Ww VVVW-_



Tablé II: (continued)

66.3

TranSitionuf-, R .Visﬁﬁi”ﬁéiafivé~ihﬁehsities*'

‘ . Energy '~ - Lines R L
;sotope  (kev) seen K ;l - LZ»‘ 'L3‘ My jf”Nl
(cont'd) 53k4.2 K VVW -

TH9.5 . K I; VW VW
o . 789.8 K ww
aat?t-153 21 55 L L, M-S VW
_ : Ml Nl | | | W-M masked
63.1 K VW C
69.64 KL L, WM WM W
- Ly My VW VW
97.47 K L M-S M
, L, I, ‘; _ VW  VVW
.103.201 K L_l_‘_.“z. s S )
: My Ny o M VVW |
154,76 K L - M-S W , -
. : oMy ,Nl W VVVW
17h87 K L s M ' .
. M N - LA
243.68 K L, W VVVI
 308.5 K*Ll oW VW
? ‘ ) o
Gd: 22.87 | L, L, L3‘ M w W _ |
o W oN, M VW
T77.67 K VVW
11k, 72 KL L, VS M VVVW
| L3 Ml Nl | - masked VVW VW
115,48 KL L, VS M VVW
e My Ny | VVW  VVW
153.56 KL _, M VVW
- LN | W VW VVW
198,77 KL. W VVW
| - 329.2 K VW -
T 57 ¢ I Ly Ny vV Vi VVVW
53.2 Ly Ly VVW AL
K W '
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Table II (continued)

Transition

- Energy  Lines: - = - Visual Relative Intensities¥
Isotope (kev) ~ seen K - L Ly Ly M N
'Eulll—'—(‘-l)-@ 67,_6, . ' | K M
(cont'd) 69.0 K. VW

l2l.26 KL, . M-S W |

o M, N ; VVW VYW
219.79 KL VVW VW .
277.1 . KL. -~ W -~ VW

* 8 = Strong

M = Moderaré

W = Weak .
V = Very
‘Table III

Determination of Energy for 115,48 kev Transition

.. Speectrograph  Electron . Shell - Eu binding Gamma,
‘ energy ) energy - energy
| (kev) : - (kev) (kev)
PM T | - 66,88 K 48,51 115.39
' 66,88 X 48,51 115,39
PMII =~ 66.98 K - 48,51 115,49
' | 107.23 L 8.06 115,29
113.48 Ml 1.81 115.29
- 66,96 K 48,51 115,47
107.38 L, - 8.06 115,44
107.72 I, 7.62 - 115.3%
113.59 oM 1.81 115.40
, - 115.01 Ny 0.37 115.38
PM IIT - 67,15 'K 48,51 - 115,66
- 107.66- kN 8,06 - 115.72
113.87 M - 1.81 115,68
67.13 K 48,51 115,64 -
107.58 Iy - 8,06 .. 115,64
113,63 My 1,81 115,44
115,48

AVERAGE
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B. 'Excitation Fuhctions fbr*Albha?Induced Reactions on'Smlh7

The samarium ox1de ‘used in Experlment III was enrlched to 85

‘atomic percent in Smlh? 23 with the other 15 percent chlefly Sm 148
and. Smlh9. An excitation function for the Sm‘u7 (et,n). ¢a™° reaction
’ 150

was not obtained because -Gd is veéry long llved but ones. for the
1”7 (a,2n) Ga 1*9 1h7 (et,3n) Gd 11*8 and Sml1L7 (&, kn) -Gdllw re~-
actions were determlned, The (a,3n) fUnction was obtained by alpha-
- counting the eigﬁt sample plates,Iand the‘(a,Zn) one. was determined ‘
by bounting the’samples in the lOO-ehannel gamma pulse height analyzer
and integrating the 9 day, 150 kev peak in each plate. A funetion for
the 2 day activity was determlned in ‘the same way using the 229 kev
peak, The position of this funitlon,on the energy scale indicates that
lf7\(

the reaction was'deflnltely_Sm : 'a,hn) Gdlh7.and_that the 2 day acti-

vity was due to Gd h?
A better half-life to report for gd
) determihed by following the'decay of.the 229 kev photopeak in the 100~

channel gamma analyzer, Figure IT shows thevcurVe.ebtained for the de-

147

is 29 hours. It was

~cay of this peak, Only a few points were measured because of Instru-
mental problems, This half-life of 29 hours was conflrmed by half-lives

. of 30 hours found in resolv1ng K x-ray (Figure IV), Nucleometer, and
147 ind G d149
Figure IIT gives the excitation functions for alpha-induced

1h7

reactions en Sm .  Because of uncertainty involved in_calculating

GelgervMEuIler.decay‘eurves into their Ga components,'

absolute cross sections, the figure shows the cross sections in arbi-
.Itrary units. In attempting to calculate absolute cross sections for
the (a&;4n) and (@,2n) reactions, the assumption that there was one K
X-ray per disintegration was made because the total number of disinte-
gratiens was not known. Flgure IV shows the decay curve used to deter-
. mine the number of K x-rays in the Gd 147 and Gd 149 ~components of an

- Experiment ITI sample., With this assumption of one K x-ray pef disinte~
gration, a cross section of 3. by bafns was calculated for the (a, Zn)
reactlon at the point where its excitation peaks, but the calculated
Rutherford total cross section at this po;nt is only 1,21 barns, It
may therefore be said that there is more than one K x-ray per disinte—

149

gration of G4 . Cross sections calculated for the (a,hn) reaction
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look relatively as large as the (a Zn) ones. With the (a 3n) reactlon,
~ the cross sectlon at the p01nt where the functlon peaks was calculated
to be 0,91 barns using known alpha countlng eff1c1enc1es and geometrles
The Rutherford cross section at this p01nt is 1. 60 barns which makes
the value of 0.9L barns look reasonable when the contrlbutlons of the
(a,2n) and (a,3n) reactlons ‘to the total cross section are con81dered
This means that the approx1mate half llfe of 140 years reported for

l
48 19 is probably close to the real value,

C. Relative Photon and Electron Intensities of Gd™ ' and Gd'* Gemnas

The 100-channel gamma analyzer was used in EXperiment III to
determine the photon intensities of the most promlnent gammas - from Gdlu7
and Gdlh9

used in Expéeriment I to determine electron intensities. 'Figure V shows

, and the double-focusing spectrometer and den31tometer were

the gamma spectrum of the Experlment IIT plate with the greatest amount

of Gdlu? -and Figure VI gives the spectrum for the plate ‘with the great-
est amount of Gd h9. _Slnce energies were accurately known from perma-~
nent magnet spectrograph work, complex peaks could be resolved, and
where peaks were small and indefinite,'upper limits for photon inten-
sities could be set., No photo peaks were seen for any ofthe.Gdlil_l53
transitions or for those gadolinium transitions not assigned to»a parti~
culatr isotope. ln later runs onvthe 100-channel gamma.analyzer, the
120- and 210-kev transitions qf]Eulu7 were seen, Relative electron in-
tensities were ,measured with the double-focusing spectrometer and |
densitometer; and because of the many approximations made in obtaining
intensities from the densitometer, more meaning is attached to the
values obtained from the double?focusing spectrometer,

Table IV gives the 1ntens1ty values for some. of the gammas of

149 b7 149

Gd and Gd . In the case of Gd~ ~, the electron 1nten31t1es are
,vlven relative to an intensity of 1.00 for the K—llne of the 346 70 kev
1h7

transition; and in the case of Gd- , Tthe same thing is done using the

K-line of the 396.21 kev transition, To put the relative photon inten-
sities on the same scale as the electron intensities, multipolarities

for the 149.86 kev transition of Gdlu9 and 229.49 kev transition of

1h47

Gd were.considered. L subshell conversion coefficients calculated

25

_ 24 ; ' .
.by‘Rose and K shell conversion coefficients calculated by Sliv -~ were



‘:used in ass1gn1ng multlpolarltles to these trans1t10ns From K/L
ratlos, L subshell ratlos, ‘and K/eratlos, they‘both look llke ML"
.tran51t10ns (or possibly M2) trans1tlons Electrlc multlpolarlty
a351gnment for elther tran51t10n is ruled out because of the small ,
 amount of converslon in the L2 subshell and hlgher magnetlc multi-

. pole orders were not considered because of their long - llfetlmes° ‘In
doing 001nc1dence work on these 1sotopes, Donald Strom1nger26 found
1o delayed.trah51tlons (therefore all llfetlmes 1ess than a milli-

) micrbsecohd);‘”Assumihg;that-both 0r~these-trans1t10ns were ML's, |
~the relative. photon'intensities*were normaliZedFto.give these fransi-
tions the proper K converslon coefflclents : Gammas:' for which‘photons
but ‘no conver51on electrons were . seen are placed in parenthéses,

‘Their energies are:uncertalh.and.may'be,off by several kilovolts, -
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. Table IV-_
Relétive‘Intensi£ies of Gdlh7-ahd GalhglGammas ‘
Gaﬁma Line Electron Electrog.: v_Photon ' Total
energy intensity intensity intensity =  transition
(kev) - : ~from © -~ - from : ' intensity
double-focusing densitometer
spectrometer '
| GdlE?
22949 K 1.93 1.57 12,k L 15.1
L, 0.56 0.29
Ml o 0,11
: N’l, 0.06 -
240.9 | |
’ K 0.04 - 0.0k
261.01 | _ |
K o 0.09 o - 0.09
310.1 | ' o <0.71 <0.8k4
' K 0.13 '
370.1 ‘ ' , , . 2.0 2.2
K 0.25 - 10.16 o
396.21 ' L7 5.8
K 100 - 1.00
‘L, 0.1k C o 0.31
(517) § 0.97 0.97
(570) TR | SLa 1.1
(635) . - 2.3 2.3
(770) - | 4.0 ko
(900) - - 3.4 3.
(1080) - 1.3 1.3

(1298) - | 0.62. 0.62
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_Table. IV. (continued)

 Total

Gamma Line  ”Eiectroﬁ 'Electhn'f” :Ph6£6h ﬁ..\” :
energy intensity . intensity intensity - transitionm.
(kev) from from B intensity
double-focusing densitometer RN
_spectrometer - B
‘ Gdllp9
106.6 <0.25 ,%0.25”
126.06 <0.20 <0.20
149.86 o 8.6 13.7
K 430
L 0.55 . 0.46
My 0.19 ‘0.18
. Ny 0,06 _
24k .3 <0.26 <0,26
272.67 | <0.79 <0.99
K 0.09 0.08 |
»)"Li—LZ 0.05
My ' 0.06
298.79 | 5.1 5.7
| K 0.49 0.4k .
L 0.09 0.08
346.70. o _ 3.0 4.3
K 1.00 1.00 '
Ly 0.23 0.20
. My 1 0.03. 0.06
460,6 < .25 < .25
496.5 .25 .25
' 516.7 .68 .68
534.2 .61 .61
(650) g ik
T49.5 <11 <1.1
789.8 <11 <11
(937) .52 .52
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D, Results of Coincidence Measurements

Table V gives the resulfs of c01n01dence measurements made .
by Donald . Strom1nger26 on an Experiment I sample., At the same time, he
looked for positrons and was able to set an upper\limit‘of 0.8% for
positron activity in the combined gadolinium activities. It will be

assumed that Gd 7 decays entlrely by electron capture.

TﬂﬂeV

Isotdpe GammaGEE:rgy o - Energy of G?ﬁmas in Coincidence
(kev) ’ ‘ev
' ‘ ' 350
a9 150 500
_ o 760
. 390
Gdlh? 229 760
o I 930
Gdlu9 630 ‘”:-_ : : 750

1k | S -

IV, DISCUSSION OF RESULTS

A few of the tfansitionsvseen in these experiments were ones
- that had been seen vefore. The transitions of 69 64, 97.47 and 103.20
kev seen in Experlment IT are evidently. the ones of 69 b, 97 3 and

103.1 kev reported by Church and Goldha'berl for the decay of Gd 53

151

The 310 kev ‘transition tentatlvely assigned to Gd_ by Heydenberg and

2
Temmer  may be the 308.5 kev transition seen in Experiment IT, and the

20 kev transition for GdlSl L5 by

, seen_in the beta decay of Sm
Wilson and Iew1s, is probably the 21,55 kev tran51tlon found 1n Experl-
~ ment II. Mack,vNeuer, and Pool 21 reported gammas of 120 and 210 kev
”resultiﬁg_from the decey of,Eulh7, which are probably the ones of 121.26
and 219;79 kev seen in thisfwork_"Thej also reported-tranSitions of

300 and 570 kev resulting from the decay of Eu.l49

, but these were not
seen in these experlments No experiments done in this work could dis-
tinguish betweén Gd Bl and Gdl53 tran31t10ns or Eulu? and Eu 149

transitions,
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Tentative multipolsrities were assignedvto a Tew of the
Gdlu9 transitions fof which more'thén K-lines were seen, TbeSe multi-
'polarltles were a531gned assuming the 149.86-kev gamma was an Ml tran-
sition, and would have to be reconsidered if the 149, 86 kev gamma is
shown to be an M2 transition. The 346.70-kev gamma, ‘has a K»shell con-
version coefficient of O.i85 and a K/L ratio of 5.00, both consistent
with an M2 transition (‘ka 0,190; n/L '5._30),' M1, -El,-Ez‘ and higher
multipole order transitions could be ruled out because they all have K
shell conversion coéfficients lower by a factor of Lk or more. The v
298.79 kev transition has a K-shell conversion coefficient of 0.048 and
a K/L ratio of 5,5, consistent with an ML (o:K = 0.077; _K/Ll = 5.92) orE2
(aK 0.048; K/L = 8.4) transition. It was assigned as aa M1, however,
. because of its L-subshell ratios, A fairly strong L1 line ‘was seen but
go L2 or,L3 and if the transition were an EZ the L2 line would defi-
"nitely be seen, M2 was ruled out because of its high aK, El.because of
~its low aK’ and hlgher multlpole orders because of their long llfetlmes
Nothing much may be said aboht the multipole orders of the other-transi-
tioﬁs, éxcepﬁvthét of thé-272 67 kev'gamma E1l may'be ruled out as a
multlpolarlty for this transition; because it has an aK of 0, 017 and the
272.67 kev.gamma has a ‘minimum QY 0. 064 ‘
_ Con81der1ng results obtalned in enprgy determlnatlons, re-
lative intensity determlnatlono, coincidence measurements, and multl-
polarity assignments, level QLhemes could not he uniquely determined
for the decays of any of the 1 gnu gaaollnlam 1sotop°s gtudwed Th@,
compleylty of the schemes is ev1dent1y sach that without furtler in-
formation about each txan31t¢on, the gammas may be f1t into several
dlfferent reasonable schemes uuggested decny scheme for G4 M9
which is consistent with all available data, is shown in Flgure VII.
No attempt was made to.explajn +he occurance of the'gado—
linium trans1t10ns not belonglng to the decay oi any of the isotopes
| from.Gdlh7 tOvC1153. The pOSalblllty that these transitions belong to
. an isomér of one of these isotopes should e con61dered, and threshold
bombardment work should be done to_determiné the masé numbervof'the

isotope.
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Fig. T.. Suggested decay scheme for Gd
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