SPECTRAL SHAPE OF THE K-FORBIDDEN BETA TRANSITION OF 152Fy

K. VENKATA RAMANIAH, S. BHULCKA REDDY anp K. VENKATA REDDY
Laboratories for Nuclear Research, Andlira University, Waliair $30003

ABSTRACT

The K-forbidden beta transition of 152Eu has been studied in detail for its beta spectral
shape emcloying an intermediate image beta ray spectrometer. A detailed analysis in terms of
C{WY/Cy Vs W where C. is the modified B, shape correction fa:tor, for diTerent values of
D and W, is made. The highest energy (3~ — 2°) bera group is found to exhitir large devia-
tion from statistical shape and is well fitted inta modified B, shape with an eadpoint energy

of 1-"‘{8“_1i2 keV. The value of D is obtained es 61, The shape factor results ate discussed
ccmbining with the beta-gamma angular correlation data.

INTRODUCTION

K-FORBIDDENNESS is characterised by the fact

that the K-sel:ction rule of the Bohr Mottelcon!,
K" — KISAK 4 K] s'ows down (rathar than
ferbids) the transition where K is the rank of the
nuclear matrix element. The' ground state of the
152Fu nucleus is characterised as J» K —= 3—-3 state
with the intrinsic stru:ture.

Xo = (3/271411]1 + 3/2[521Dg = 3

The beta transilion reaching the first excited Ievel
of the daughter nucleus 152Gd is classified as
K-forbidden. The large log €t value of 1his transis
tion supports this classification. Bogdan and
Lipnick? pointed out that a great similarity would
exist between the samsa states of 152FEn and 160T%h
nuclei and gave a common inferpretation for these
beta transitions and studied the K-fcrbiddenness by
infroducing mixtures of s‘ates with different
K-values in the initial and final states. A dstailed
analysis of the shape of ths most encrgetic beta
group of 132Fu has been carried out in the present
work,

The beta-gamma directional correlation of the
cascade 37 (§-) 24 (v) 0 in 152Eu was investigated
by many authors {Appalacharyulu et al.3; Bzrthejer
and Lipnikt; Dulaney e¢ l8, Wilkinson er al.®,
Manthuruthi ez 2l.7) and the beta-pamma anisotropy
was reported to be large. Schneider ¢f al8, reported
unique shape for this beta group of 13°Eu. Langer
and Smith® measured the shape and fitted with
CWYWL = g2 4 A, p? 4 5 £ 2. Subsequent 10
the Langer's? measurement there has becn Do
experimental determination of the shape of the
highly [o'bidden beta transition. A remeoasurement
of the thape of this bela group is undertaken
taking into account all the above consjderatlions,

Mode of analysis.—So far in the published litera.
ture, the sensitive dependence of the shapr {actor
on the end point energy has not hecn considered

for once

forbidden uwnigue and modified
shapes. In

modified B  shapes: theQretical
Shapg factor has a quadratic depzndence on W,
the end-pcint energy, Unlike the wusnal non-unique
caze (Morital®, Matumatoll) and the magnjtuds
of the parameter D can appreciably a‘ter if Wa ©
not app opriate for th: particular run,
and modified B shapes rise somewhat steeply near
Wy As W, is increased, the slope of the shap:
faclor C(W) starts falling and when W, exceeds
the correct value, the curvs exhibits a point of
inflexicn and thereafter curves down for highar
values of W,.

Here in the-present analysis 2 progtam computes
the plot of the ‘shaps-factor C(W)/C, Vs for
various values of W whers C = ¢2 4 91,/L, + D.
The shape factor C(W)/C is linearand it is cnaray
indepzndent for an appropriate choice of W, and
D whereas the Linear shape C(W)/C, Vs W curves
up or down near W, when W:} 1s chang>d from its
correct value. The change in D shifts its low
energy side up or down thereby changing its slope.
For ccrrect values of W, and D, the slope «f the
curve vanishes. In fitting the experimental -hape
N/P-F(Z, W) W, — W)2 with the analytical
expression ¢* 4- 9L,/L, + D where ¢% = (W, — W)=
a perfect corrclation is expected between W, and L.

This type of rigorQus mode of analysis iy adopted
in the present case.

The un'que

EXPIRIMENTAL IDDuTALS

The 182lu source used in thy present woik is
obtainad as Ful, in HCl so'ution from Atomis
Fnergy Pstablishment, Harwell, England; nmade of
enriched Wil sample by newtron pradiation. The
souress are preparad by evaporating  very  small
drops of the active solution on mylar foils of thick-
180 pg/cm*,  Tosblin is Used to help
uniform spreading of the source,
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A Siegbahn-Slatis beta ray spectrometer of
intermediate image focussing iype 1s used at 1its
best operating conditions. The details of the
spectromcter and its best suitabilily for precision
measurements were discussed by Nagarajan ef al2,
The efficiency of the well type plastic detector used
1s unity down to 50 keV and the back scatleiing
cffect is 0-2% at 80 keV. The arrangement of
baffies for distortionless operation, the fidelity of
spectral  distribution and the correct mode of
analysis are described by Nagarajan and Reddyls,

The gamma background is very high for 1%2Eu
source, but the background subtractton at every
measurement point by closing the central baffle of
the spectrometer accounts for this very accurately.
The high energy portion of the 192Eu beta speclrum
is scanned in steps of approximetely 8 keV. A
relatively weak source is used in order to eliminate
th: miterferences from the highest bela group of
32Fu v.ause intensity is only 0-1%; thus reducing
the tail of the beta sp.ctrum from lo-Eu.

SHAPE ANALYSIS OF THE 3° —y 27 BETA TRANSITION

The Fermi—Kurie (F.K.) plot is constructed for
the experimental points incorporating the Fermi
functions due to Bhalla and Rosel4 and the
screening correction due to Buhringls, The resolution,
correction and back-scaitering correction are done dy
the computer program FERMIKURI. The F.X. piot
revealed the existence of a high energy tail which
indicates the presence of a beta transition with end
point energy approximately 1840 keV. Infact
Larson ef al.18 analysed the very weak third forbidden
transition in 3%2Eu with weak sources and found the
end-point emergy to be 1827 keV. Since the
impurity of the 15¢En source dominates | the
intensity of the third forbidden weak beta transition
of 152Eu, it will be reasonable to subtract the
influence of the 154Eu contamination by assmmng
a statistical shape for this traasifion. Although
the 1840 keV transition of 134Eu has non-staustical
shape, its very feeble intemsity will not !iﬂ’ect the
results even if the shape is taken s statistical,

The F.K. plot of the 1840 kcV transition with
allowed shape is extrapolated down 10 low energies
and subtracted from the gross-spectrum of 13‘3}3'11
using the relation Yy =14/ Y% — Y12 where Y‘}:.:s
the ordinate of the F.XK. plot of the cnmpm:te
spectrum and Y1 is the ordinate of the F.K. piot
of the 1840 keV component. The resulted spectrum
{s analysed for shape analysis from.IUSP keV t.U
1480 keV. The F.K, plot as shown in Fig. 1 8

Spectral Shape of the K-Forbidden Beta Transition 152Ey
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drawn which shows an approximate energy of
1480 keV. A program BETASHAP plotted she
shape factor N/P2F(Z, W) (W, — W)2 Vs W varying
W, in steps of 2 keV below and above 1480 keV.
Near W,, the shape factor slightly curves down
for end-point energies higher than the exact end-
pomnt energy. Since Judging the shape factor in
this manner 1s difficult, an analysis of C(W)/C Vs
W is undertaken in Fig. 2. A rigorous analysis
as explained i section: 2 is carried ont and are
shown in Figs. 2, 3 and 4 for one of the rums.
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Fic. 2. Shape factor analysis of 1481 keV.

(3= = 2*) beta component of 182Eu for run : 1. The
behaviour of shape factor curve corrected for the
"modified ™ , shape factor” C =¢* + 9L,/L, + D
is more sensitive to changes in w, and D than
C(W) Vs E.

A similar analysis is also performed for the second
run and tha results are given in Table I.
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Fig. 3. The least square fitted straight line to
the corrected plot has small positive and negative Shape factor data on 3= — 2° transition of 152F
slopes for D = 75 and D = §-5 the slope vanishes -
for D = 6-5.
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forbidden unique transition when the tensor type

F1G. 4. Shape factor plot of 37—>2% beta transition  matrix element J By, can no longer be peglected as

of 162Eu. The solid lines correspond to theoretical

shapes for different values of D. i the Form.al first forbidden trapsitions obeying
—  ¢-approximation, Under such conditions, the shape
°3 ::Ec;::pp:r:ﬂfh:i:ﬂ: ;C;‘;'E can be apalysed with the modified B, form
_ 152, am y ot ’ Morital® C (w) = ¢ + 9L,/L, 4+ D where D =:
“=r | 12Y2. Even though an experimental shape can be
5l simulated by apy suitable combination of matrix
¢ to element parameters (Kotani!'?7) an analysis under
gzt ‘modified B ~approximation’ gives the relative
strength of [ B, with respect to Y. The present
err analysis yields Y2 = 05 =+ 0-08. On account of
20 |- }rﬂ’ the good statistical accuracy of the present measures
ments, it permits a clear distinction between the
10 55 ""‘"Tglg,g ' GL:;,B' "Traso  energy dependence predicted by the matnix element

Foin bnv) sels of diiferent authors.
Fic. 5. Comparison of experimental shape factor Using the assumption of Ahrens and Veenbrie!™
of the beta transition of 3%*Eu wiih the (A = 1) where \ i the CVC ratio, Dulaney et al.8,

theoretical prediction of matrix element  para-

meters due to Appalacharyulu, et al. obtuined a well  defined  solution for the  matrix
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clements paramelers x and u. However, the 7. Manthuruthil, J. C., Poirier, C. D., Sastry,
soluion  obtained in this casz was in  sharp K. 5. R., Petry, R. F., Cantrell, B, K,
disapreement with the modified B approximatii, ng \;"}éhkmmn, R. G., Pliys. Rev., 1971,

The solutioa zbtatned with A — 2-5 was in genercl
agreement with the modified 8, epproximation,
Ths ecnergy dependence of shapz factor du: to the
best set of matrix elements reporied by Dhalta-
charjee ef al2l, and duz to the first set of matux
elements duve to Manihuruthil? do not follow the
present shape factor, Thosz due 10 Appalacharyulus
who emplcyed the formalism of Buhring!®=0, in
which the fini.e nuclear s:ze ¢ff:ct and the h gher
order effects are in:luded s in good agre.menl a»
shown in Fig. 3.
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ABSTRACT

Bumperazine dimaleate forms a red coloured 1:1 complex with palladium(Il) in
hydroch'oric acil-sodicm acetate buffer. The complex exhibits absorption maximum at 490 nm
with molicr absorptivity 3-5 X 103 litre mole cm . Beer's law is valid over the concentration

tange 0-2-17-0 pg/ml

INTRODUCTION

the present communication, the au*hors propos2

ths reaction of butaperazine dimaleate (BPDM)
with palladium(Il) for ths spactrophotCmeiric de'er-
mination of palladium(ll). The mzthod offers the
advantages of simplicity, rapid:ty, selectivity and
wider range of determination without the need for
extraction.

EXPERIMENTAL

Reagents

A stock solntion of palladium(Il) was prepared
by dissolving 0-9980g of palladium(Il) chlorids

(M/s Jchnson Matthey Chemicals, London) in
1 Litre of 0-1 M HCI and was standardiz.d gravi-
metrically by the dimethylglyoxims mezthodd., A
0-2% solution of BPDM was prepared in hot
double distilled wat:r and stored in an amber
boitle in a refrigerator. Sodium acletate-hydro-
chloric acid buffers ware used. Beckman spectro-
photometer Model DB was used for absorbance
measurements.,

Procedure for the Dctermination of Palladium(Il)

An aliquot of the stock solution containing'5-0-
425ug of palladium, Sml of hydrochloric acid-



