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The 7-ray spectrum from the decay of "'I was measured with small- and large-volume, high-resolution
Ge(Li) detectors, and 116transitions were assigned in its decay. Selected regions of the conversion-electron
spectrum were measured with an iron double-focusing spectrometer. The IC-conversion coefficient of the
772-keV transition that was measured relative to the X-conversion coefficient of the 662-keV transition
in '"Ba was used to normalize the electron and y spectra to obtain the K-conversion coefficients of the
262.7-, 284.7-, 505.9-, 522.6-y 621.0-, 630.2-, 650.6-, 669.8-, 671.5-, 727.1-, 809.8-, 812.3-, 954.6-, 1136,0-,
1143.4-, 1173.2-, 1372.1-, and. 1398.6-keV transitions. Conversion coeKcients of additional transitions
were obtained from electron intensities of other work. From these conversion coeKcients, each of the above
transitions was assigned an bI1 and/or Z2 multipolarity.

I. INTRODUCTION keV thus was assigned tentatively a spin and parity of
3 . The 620-keV transition from this level was thus
taken' as Ej also.

With the development of high-resolution lithium-
drifted germanium detectors Ge(Li), a reinvestigation
of the '"I decay scheme was in order. In particular,
relative p-ray intensities from high-resolution studies
in this complex decay would make it possible to obtain
conversion coeKcients of nine additional transitions for
which electron data were known. ' 3 Then, with y-ray
intensities available from high-resolution studies, fur-
ther conversion-electron measurements were desirable
to obtain conversion coeKcients for additional transi-
tions. Furthermore, since the 667-keV region is so
complex, it was desirable to directly measure another
conversion coefficient as a cross check on the normaliza-
tion. Finally, doublets at 505—507, 650—652, and 727—
729 keV observed in electron studies were not observed
in p-ray spectra except for a 729-keV impurity. 7 Thus,
additional electron studies of these regions were in
order. We have carried out high-resolution p-ray studies
with small- and large-volume Ge(Li) detectors. The
E-conversion coe%cient of the 772-keV transition has
been measured directly, and additional conversion-
electron intensity measurements have been made. The
additional electron measurements were made on transi-
tions whose multipolarities would be particularly useful
in the assigning of spins and parities to levels. These
data were combined to obtain multipolarity assign-

'EASUREMENTS of internal-conversion-electrons
. .. have been made by three groups' 3 for 16 transi-

tions in the decay of '"I. These data were combined
with y-ray intensities'4' obtained from NaI detectors
to obtain conversion coeKcients for four prominent
transitions. ' The measured E-conversion coeS,cient' of
the 667-keV transition was used to normalize the rela-
tive electron and p-ray intensities. Each of these four
transitions was observed to be of M1 and/or E2 multi-
polarity. A transition of 1143 keV was tentatively as-
signed" as Ei from an upper limit of its electron in-
tensity from coincidence studies. The level at 2583.9
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Pro. 1. y-ray singles spectra from the decay of "'I as taken with a "2Te-'3 I source. These spectra were taken at the Materials Testing
Reactor with a 2-cc Ge(Li) detector with cooled preamplifier.

ments for an additional 15 transitions. In the course of
these studies, Henck and co-workers' reported studies
of the lower-energy region of the electron spectrum.
Our measurements indicate that all the observed transi-
tions are M1 and/or E2. Preliminary reports of these
studies have appeared elsewhere. 7' In the course of
these investigations, studies of the y-ray spectra also

'R. Henck (private communication); M. R. Henck and A.
Gizon, Compt. Rend. 269, 337 (1969).

9 H. K.. Carter, J. H. Hamilton, S. R. Amtey, J. C.
Manthuruthil, and J. J. Pinajian, Bull. Am. Phys. Soc. 13, 1466
(1968).

were reported by other groups'~" who used Ge(Li)
detectors and in one case a pair-spectrometer arrange-
ment. Comparisons with these results yield significant
differences in intensities in the higher-energy regions

"R.Henck, L. Stab, P. Siffert, and A. Coche, Xucl. Phys. A93,
597 (1967)."G. Ardisson and F. X. Petit, Compt. Rend. 263C, 1408
(1966).

'2 C. Ythier, G. Ardisson, and M. Lefort, Compt. Rend. 264B,
84 (1967)."R.Gunninit (private communication to N. R. Johnson and
J. H. Hamilton).
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Fro. 2. y-ray spectra of the 727-729-keV region of I taken with sources of 3'Te in equilibrium with "'I and separated '"I.The spectra
on the left shows clearly that the 729-keV transition is primarily a contaminant in '3'I.

in some cases. Coincidence studies and the level struc-
ture of ' I are discussed in detail in the following paper. '4

II. EXPERIMENTAL PROCEDURES AND RESULTS

Equilibrium sources of '"Te-'"I and separated
sources of '"I were used. The '"Te activity, which is
longer lived (Tris ——78 h) than '"I (Tr~, ——2.38 h), has
a well-known simple decay with low-energy p rays, so
that equilibrium sources are best for p-ray studies.
The "2Te activity for p-ray studies at Vanderbilt was
obtained as a fission product by neutron irradiation of
an aluminum-clad ring of uranium-aluminum alloy
(2.5 g of approximately 93% isotopically enriched
"'II per 10 g Al). The irradiated ring was dissolved in
caustic solution, the solutions acidified with nitric acid,
and the '3'I removed by distillation. The Mo and ~3 Te
that remained in the solution were adsorbed onto an
alumina column and washed with 2 M HNO3 and then
with water. The "Mo was stripped from the column

' J. H. Hamilton, H. K. Carter, and J. J. Pinajian, following
paper, Phys. Rev. C 1, 666 (1970).

with a 1 M NH4OH and with water. The '"Te was
further puri6ed by passing it through a Dowex 1 anion-
exchange column that removed traces of "Mo con-
tamination. The p-ray sources were liquid deposited
onto cardboard source mounts.

For electron sources, a '"I generator was prepared
with 60 mC of activity. To prepare the generator, the
solution containing the '"Te activity was evaporated
to dryness, taken up in 1 M HNO3, diluted with water,
and charged onto an alumina column (prewashed
with water and with 1 M HNOs). The generator was
then washed successively with water 1 M NH4OH, and
0.01 3f NH4OH. After washing the column with the
latter solution, the generator was "milked" 10—12 h
later, in order to optimize the ra'I/"'I ratio, by passing
10 ml of 0.01 M NH4OH through the column. The 10 ml
of eluate was boiled quickly in a hood, and the remain-
ing few drops were liquid deposited on aluminum foils
and covered with a Zapon 61m. The sources were
approximately 2&(22 mm'. The backing was scratched
with a sharp'blade, after which insulin was used to de-
Gne the source area. A typical source measured 150
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background at R =6700 on the high-energy side of the E line of the 772.6-keV transition taken in the same run. As a test of this back-
ground, the E-line shape was fitted to the L line of the 772.6-keV transition. The background under the L line could not be significantly
lowered or raised without changing the I.-line intensity and subsequently the X/I. ratio so as to cause disagreement with the theoretical
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out noise will also cut out diferent fractions, as a func-
tion of energy, of the electrons that reached the detector
and backscattered out with little energy loss. By count-
ing several standard single-conversion lines, a correc-
tion as a function of energy was obtained. This correc-
tion. varied only 5% over the range of interest.

The resolution of the system was 0.30% (FWHM) .
Because of the short life of '"I, only a few lines at a
time could be measured with one source. Several sources
were made from successive milkings of the generator.
In each run the E-conversion line of the 667- and, for the
772-keV transition was mea, sured as a reference line,
and the data were half-life corrected point by point
with T~~~=2.38 h to the time of the start of a run.
Typical spectra are seen in Figs. 5—8. The data are
plotted against resistance, which is proportional to the
momentum of the electrons.

The E-conversion coefficient of the 772.6-keV transi-
tion was measured by the normalized-peak-to-y (NPG)
method where o.~=8.94&&10 2 for the 662-keV transi-
tion" in '"Ba was used as the standard. The 772.6-
keV transition is a better line to use in normalizing
relative electron and y-ray intensities than the 667-keV
one because it is not complex. The relative E-conversion
lines and the y-ray lines of the 772.6- and 661.6-keV
transitions in "Xe and '+Ba, respectively, were mea-
sured in the same geometries. The K-conversion co-
efficient of the 772.6-keV transition was found to be
(2.73&0.30) X10 ', which is in agreement with the

theoretical A2 value" of 2.5)(10 ' for this 4+—+2+

transition.

III. DISCUSSIONS AND CONCLUSIONS

The energies a,nd y-ray intensities of all the transi-
tions assigned to the decay of '"I are presented in Table
I. The results of Henck et a/. ,

"Ardisson et al. ,
"Ythier

et al. ,"and Gunnink" are presented, for comparison. In
the data taken in this laboratory, almost all of the p rays
observed in the Compton-suppressed" and pair-spec-
trometer data" have been observed. The energies and
intensities, where available, are, generally, in good
agreement. The older less accurate results obtained
with NaI detectors'4' are in good agreement with the
intensities as presented in Table I and obtained with
the use of Ge(Li) detectors. In this regard, one must be
careful to reduce the normalization used in the NaI
work and account for the composite nature of the vari-
ous lines.

In Table I, it will be noted, however, that a systema-
tic error appears to be present in one or the other of the
sets of measurements in certain energy regions. The
relative intensities obtained in this work and those of
Henck et al." are in good agreement throughout the
table. There is reasonable agreement (with a few ex-
ceptions) between the two sets of measurements and
the results of Ardisson et al."and Ythier et al."below
about 1.5 MeV. However, above this energy, the latter

' I. Sliv and I. M. Band, in Alpha-, Beta-, and Gamma-Ray"J. S. Merritt and J. G. V. Taylor, Anal. Chem. 37, 351 Spectroscopy, edited by K. Siegbahn (North-Holland Publishing
(1965). Co., Amsterdam, 1965).
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TABLE II. E'-conversion coefIIcients in the decay of '"I.The electron intensities were taken from the last column
of Table III and y-ray intensities from the last column of Table I.

Trans.
energy
(keV)

Experimental
n~(10 ')

Theoretical n~(10 ') '
M1 E2

Multipolarity
assignment

136.6
147.2
183.3
254. 8
262. 7
284. 7
505.9
522. 6
621.0
630.2
650.6
667 ' 7
669.8
671.5
727. 1

772. 6
809.8
812.3
954.6

1136.0
1143.4
1173.2
1372.1
1398.6
1439.4C

306+137
135+34

127+41
77&23
44+7
31&7
6.2+1.5
7.9+0.8
8.8+2.5
4.2+0.5
6.5~2.7
3.5+0.3
4.9&1.6
4.0~1.4
2.7+0.6
2.73~0 30b

2.9+0.6
2.2&0.4
1.99~0.24
1.51+0.29
2.05~0.45
1.24+0.36
0.98+0.21
0.93+0.13

&300

76
62
35
13.5
12.8
10.2
2.45
2.25
1 ' 55
1.50
1.40
1.32
1.32
1.32
1.14
1.00
0.90
0.90
0.66
0.47
0.46
0.45
0.34
0.33

290
240
138
56
54
40
9.7
8 ~ 8
5.6
5.5
5.1
4.8
4.8
4.8
4.0
3.4
3.0
3.0
2. 1
1.38
1.38
1.28
0.87
0.84

450
360
175
57
55
41

7.4
6.8
4.3

3.8
3.6
3.6
3.6
2.90
2.55
2.25
2.25
1.56
1.05
1.04
0.94
0.72
0.70

M1-E2
M1-E2
Ml-E2
M1-E2

(E2)
M1-E2
M1-E2
3II1-E2

(311-E2)
E2
M1-E2
M1-E2

(3I1) E2
E2
M1-E2
M1-E2
M1-E2
M1-E2
3II1 (E2)
I-E2
M1-E2
M1-E2
EO

~ Reference 19.
Normalization line.

o Not in 1a2y.

two groups's values are often twice the values obtained
in this work and in the work of Henck et al. Thus, it
appears that a systematic error is introduced in one of
the pairs of measurements. The only apparent source
for such an error is the determination of the efficiency
curve. In the present measurements, the shape of the
efficiency curve was checked in the range of 1300—2700
keV by calculating the relative intensities of '4Na from
the e%ciency curve determined by ~'Co. The results
were within 2% of the accepted values. "Similar results
were obtained when the efficiency curve was applied
to the 583- and 2614-keV lines of Th. Thus, it is
thought that systematic errors in the present intensity
measurements are less than 2%. Therefore, the inten-
sities of Ardisson et al."and Ythier et al."were not used
in the averages beyond 1660 keV. The impurities that
were identified and the intensities of the strongest
transitions in these decays relative to 667-keV transi-
tion of "'I (as being 100) were as follows '+Te(854 keV,
0 09) "'Te(460 keV, 0.55), and 'o3Ru(497 keV, 8.0) .

One notes that the doublets at 505, 727' and 650'
keV were not found in this work. Figure 2 shows two

"J.B.Marion, Nucl. Data 4, 308 (1968), Sec. A.

diGerent spectra of the 727-keV region taken at 1.5
keV resolution (FWHM). These spectra, which were
taken with different sources ('"Te-'"I and separated
'32I), show that the 729-keV y ray is a contaminant in
"'I. The evidence against transitions at 507 and 652
keV is not as conclusive. However, transitions of the
energy and intensity reported earlier" were not ob-
served in these measurements. Most of the intensities
reported earlier for these transitions were probably
from impurities. Another interesting point is that the
intensity of the transition at 650 keV is approxi-
mately one-half the intensity observed for this transi-
tion by Ardisson et al. ,"so that the impurity member of
the doublet may be showing up in their measurements.
The conversion-electron intensities obtained in this
and other work' ' ' are given in Table II.

The conversion-electron measurements confirm that
the 505.9- and 727.0-keV transitions are in fact single
lines, as seen in Fig. 5. These data confirm the p-ray
measurements on this point. It is quite possible that the
E intensity of the 505.9-keV transition is underesti-
mated in the work of Boyd and Hamilton, 3 who divided
the intensity between two transitions at this energy.
Thus, this intensity was not used in averages. A closer
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TABLE III. Intensities of E-conversion electrons in the decay of '"I.

Trans.
energy
(keV)

Present
work

Weighted
averages'

I,

136.6
147.2
183.3
254. 8
262. 7
284. 7
505.9
507
522.6
621.0
630.2
650.6
652
667.7

669.8
671.5
727. 1
729
772.6
772.61.
/72. 6M+. - ~

809.8
812.3
954.6

1136
1143.4
1173.2
1372.1
1398.6
1439

10.8+1.5

43.5&3.7

5.6+1.5
~ ~ ~

57&3
8.6+1.9
3.9&0.8
2.7~0.6
3.9+0.5

10.5+1.0
1.4+0.3
0.82&0.16
0.39+0.10
0.70&0.14
1.92&0.22
3.4~0.7

7+3
11.5+2.5
5.8+1.5
4.2+1.0

17.5&2.0
8.3+1.2

5.6&2

100c

61~2

2.0~0.5
3.2+0.5

19+3

5~2
6.6+2

37&2

18&2
6&2

100g

4&1.5
4~1.5

57+4

10+2
1.0+0.3
0.5

2.0+0.5

9+2

4+2
16&2
4~2
4+2
100g

7&2
6&2

61+2

9.7&1.5

7.5&1.7

15.5~2
5.7~2.0'
5.2+2.4'

33&3
5.8&3

16.5&2

118g

5.2&1.2

73+6

12.7

12.6&3

2&2

7&3
9.3%2
5.8~1.5
4.2~1

17.S&2
7.0+1.1
9+1.2

36.7&1.5
5.0~1.3

16.8+1.2
5+2

100g
7+2
6&2
5.0+1.0

60.2~1.5

2.4~0.4
3.6&0.4

10.4+0.7
1.3&0.2
0.82~0. 16
0.39+0.10
0.70~0.14
1.93&0.20
3.4~0.7"

a Henck, Ref. 8.
Boyd and Hamilton, Ref. 3.
Hamilton et al... Ref. 1.

d Johnson et al. , Ref. 2.
The 505.9-keV transition of Boyd and Hamilton was not used in averag-

ing the data.
Reference 21.

*Normalization line.
h Not jn ~axe.

looks' at the data of Johnson ei a/. ' indicated that the
E intensities of the 505.9- and 284.7-keV transitions
should be increased.

There was considerable disagreement in the 809—812-
keV intensities between the present results and those
erst reported by private communication from Henck.
However, the value obtained for the E:1.:(M+ ~ ~ )
ratio of the 772.6-keV transition in the same run (Pig.
3) is in good agreement with an earlier measurement
by Johnson et al.s and is also in reasonable agreement
with theory. The background in Fig. 3 was made to
match up with the background on the low'-energy side
of the E line of the 772.6-keV transition. Their results
for the 809- and 812-keV electron intensities were re-
checked, and their results' submitted for publication
are now in agreement with our results.

"N. R. Johnson (private communication).

The conversion coefficients are shown in Table'll.
It will be noted that with more p-ray intensities made
available by the present high-resolution p-ray experi-
ments and with additional conversion-electron intensi-
ties made available by this work and the work of
Henck, s there are 21 more conversion coe%cients
known now than were known at the time of the paper
of Hamilton et al.' There are several points worth
noting. First, a multipolarity assignment for the 1143.4-
keV transition can now be made. It is well established
that both the electron and p-ray intensity of the 1143.4-
keV transition are approximately one-half of the 1136.0-
keV transition. The electron data of Boyd and Hamil-
ton' are consistent with this in that a transition of one-
half the intensity of the 1136-keV one cannot be ruled
out, but the earlier rough y-ray data4 are not consis-
tent. Therefore, the conversion coeftj.cients of both
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CONVERSION COEFFICIENT IN '''Xe

32000-
LLj
O
V)

0
OJ

M
30000—

2
0
U

2SOOO-

l372.I-K
I DECAY

l32

26000-

I

2270 2300
I

2330
I

2360

(c)
Fto. 8. (Continued).

transitions are in reasonable agreement with M'1 and/or
E2.

From the tentative E1 assignment of the 1143.4-keV
transition, ' Hamilton et ul. ' also assigned the 621.0-keV
transition from the same level as the 1143-keV one to be
E1 in their decay scheme. From Table III, one sees

that the conversion-electron intensities of the 621.0-keV
transition obtained by Hamilton et cl.' and that of
Hencks and Johnson et al.' are in agreement. Also, the
relative 7-ray intensities for the 621.0-keV transition
are in good agreement. From these data, the conversion
coeKcient of this transition is well established as 3f1
or E2, not E1.

A point of interest is the observation of a transition
at 1439.4 keV with a large E-electron intensity more

characteristic of an EO transition. Unfortunately, only
one run was taken in this energy range, so the assign-

ment of this peak to '"I could not be substantiated.
Also, the resolution of the 1439-keV line is larger

(0.6%) than that of the 772.6-keV line (0.35%) taken
in the same run. The poor resolution could arise in part
from the E line of the 1442-keV transition. In very
recent work, only the 1442-keV transition was ob-

served. " Thus, the 1439-keV transition is not in
"'Xe.

With the establishment of all transitions for which
electron data are available as M1 and/or E2, there is
no evidence for any odd-parity levels populated in
'"Xe by "'I. It is possible, however, that some of the
weakly populated levels could be odd-parity 3 states.
This possibility is considered by Carter et al.' The
implications of these data in assigning spins and parities
will be discussed in the next paper.
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