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The internal conversion electron spectrum following the f-decay of ¥7Nd has been studied usiny,
an iron yoke and an iron free double focussing [f-ray spectrometer at a momentum resolution of
about 0.2%. A total of 66 transitions has been ascribed to this decay. On the basis of statistical
analysis of sum relationships for the transition energies, combined with earlier reported coincidence
results, a decay scheme involving 16 excited levels is suggested. The experimental data indicate
a higher state at 763 keV. Its energy is close to the high state observed in other promethium nuclei.

The multipolarity assignment for each transition was obtained by comparing the observed con-
version line intensity ratios with the theoretical line intensity ratios of Stiv and Baxp. From the
multipolarity values obtained, the spins and parities of the excited levels in 47Pm are assigned and

discussed in terms of recent nuclear models.

The decay scheme of '*7Nd, 11.1 days half-life,
has been investigated by different authors1=7. As a
result, energy levels in 47Pm at 91, 411, 532 and
690 keV directly fed by / decay of #7Nd, were in-
troduced by Haxs et al. ! and were subsequently con-
firmed by several investigators?. The coincidence
between 91 and 199 keV y rays observed by Cork
et al. 2 necessitated introduction of an energy level
either at 289 keV or at 491 keV. Evans ? suggested
an additional level at 230 keV to accommodate the
y rays of energy 230, 260 and 300 keV, reported
originally by RurLepce et al.4. Wexpr and Krei-
HEINZ ® proposed an energy level at 182 keV, as
formed by the new S group of end point energy 719
keV and of intensity ~~107 which was observed by
them. Coincidence measurements have been carried
out by Gunye et al. ¢ and Sastry et al.?. Their re-
sults were in agreement and the constructed level
scheme suggested 7 is quite different from that pre-
viously obtained, see Fig. 1. The mode of decay of
the 723 keV level was observed to be by crossover
transition and no cascades”. The spin and parity of the
ground state of 147Nd has been measured by Asra-
uam ® to be 5/2 —. The ground state spin of *"Pm
has also been determined? to be 7/2. All the 8~
transitions from the ground state of 14’Nd, feeding
the excited states of 147Pm, have been classified as
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Fig. 1. Energy level diagram of 14"Pm, (a) proposed by Sastry
et al. “and (b) by RurLepce et al. 4.

first forbidden with a spin change of zero or one and
with a change of parity 4. Thus, each excited level
in 7Pm must have one of the following values
3/24, 5/24, 7/2+. For the energy level at 182
keV three possible spin values 3/2+, 5/2+ or
7/2 + were suggested’. Though no definite con-
clusion in regard to the spin value of that level can
be drawn from previous studies, the assignment
3/2 + promised? to be more favourable. The y-y
directional correlation measurement in *’Nd as-
signed 10 the energy levels of 147Pm at ground state,
91 keV, 410 keV and 690 keV to be 7/2+, 7/2+,
7/2+ and 5/2 +, respectively.
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THE INTERNAL CONVERSION ELECTRON SPECTRUM OF 4"Nd

In view of the inconclusive nature of the results
mentioned above, it was considered that further in-
vestigations of this isotope, employing high resolu-
tion double focussing f-ray spectrometers are of
great interest and may yield useful information re-
garding the properties of various energy levels and
the cascade modes of decay.

The study of the excited states of 14"Pm is essen-
tial for a better understanding of the energy level
systematics in this region of isotopes. The present
investigation was accordingly undertaken in order
to search for further low intensity transitions in the
decay of !*¥"Nd and to obtain information which
could permit a comparison with recent nuclear
theories.

1. Experimental Procedure

1.1 Source preparation

The samples were prepared by irradiating Nd,Oq,
with the Nd electromagnetically enriched to ~ 99%
146Nd, in Dido reactor at Harwell for a period of 23 days
in a flux of about 10! neutrons/cm?-s. The inactive
material was deposited onto an aluminium foil to thick-
ness 0.7 mg/cm? using a cathodic sputtering technique.
The Nd,O5 was sputtered uniformly on the aluminium
using a special mask. The thickness of the material de-
posited was estimated to be ~ 80 pg/cm? and of di-
mension 1.5 x 0.2 cm?.

Because of the simultaneous production of 1%*Nd
(Ty,=1.8 hr) and its daughter **Pm (7,=>50 hr)
which may be present, irradiated samples were allowed
to decay for enough time to get rid of these shortlived
activities if they exist.

1.2 Apparatus

The excited levels in #"Pm were studied from the
decay of the (11.1 d) 14’Nd. Energies and relative in-
tensities of the conversion electron lines were measured
by means of two double focussing fS-ray spectrometers,
and iron yoke instrument * (9p=22.5 cm) and an iron
free double focussing f-ray spectrometer (9o=50cm)
constructed in our laboratory. With the latter instru-
ment, relative momentum measurements could be made
with an accuracy of a few parts in 105, In most of the
investigations described here, a resolution in momen-
tum of ~ 0.2% was used. It was not practical to oper-
ate at better resolution due to the low specific of the
source. Fortunately, improved resolution was not re-
quired to resolve any closely spaced line groups. The
detectors in both spectrometers were GEIGER—MULLER
tubes with end window of 1.6 —1.8 mg/cm? mica.

* B-ray spectrometer type 5 I111-2 (Moscow 1957).

1.3 Conversion electron measurements

The study of the 1*7Nd decay was initiated by scan-
ning the conversion electron spectrum in the energy
range 40 — 760 keV. The measurement was followed up
in a repetitive way to scan: 1) the various line groups
observed in the survey, 2) line groups previously re-
ported and 3) line groups predicted by our proposed
decay scheme. In some of these latter studies improved
counting statistics were obtained. A total of 135 con-
version lines were found. The decay of the lines was
followed by taking records repeatedly. No line with a
half-life which could not be ascribed to the decay of
147Nd was observed.

To provide a reference line for the energy measure-
ments on %’Nd decay, the conversion lines of the 84
keV transition in 170Yb, the 412 keV transition in 1%8Hg
and the 661 keV transition in 137Ba were carefully
measured on an absolute scale. In the calculation of
energies the line position was defined as the line centre
at half maximum. Lines that were not fully resolved by
the spectrometer were separated graphically by the use
of the known shape of a monoenergetic line. A large
number of sufficiently isolated lines in the electron
spectrum itself yielded, however, the necessary infor-
mation about the line shapes in the various energy
region.

A typical sample of the data taken during this in-
vestigation is displayed in Figs. 2, 3, 4, and 5. All
parts of these figures were taken with an iron free
pB-ray spectrometer. Fig. 2 displays the K-conversion
line from the intense 90 keV transition as well as the
K-conversion lines of the 87, 91, 93, and 94 keV tran-
sitions. Fig. 3 shows a set of weak conversion lines
which correspond to new y rays not reported before.
Figs. 4 and 5 show conversion lines from the energy
range of ~ 110 keV up to ~ 200 keV.

The relative intensities of the conversion lines were
obtained by measuring the areas under the correspond-
ing conversion lines. In deducing the areas of partially
resolved lines, we have found it convenient to subtract
the background and S continuum rates. The line
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Fig. 2. The K-conversion lines of the 87, 90, 91, 93 and 94
keV transitions in 47Pm.
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Fig. 4. Part of internal conversion lines of the 120, 121, 137,
138, 140, 153, 157,167, 172 and 182 keV transitions.
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Fig. 5. The K-conversion lines of the 214, 216, 218, 228, 231
and 233 keV transitions.

shapes determined from clearly resolved lines of com-
parable energy and appropriate to the conversion shells
in question are fitted to the data in this form. All
closely spaced lines, except K lines, were assumed to
have the same shape. This shape narrows quite gradu-
ally with increasing momentum, the contribution from
energy degradation being less serious at high energies.
For weaker lines the intensity was simply assumed to
be proportional to the height compared with that of a
neighbouring line of measured area. The conversion
electron intensity results were corrected for the absorp-
tion in the mica counter window, in addition to the ne-
cessary corrections for the decay. The intensity errors
assigned may be considered to represent standard de-
viations. They were calculated by combining in qua-
drature the standard deviations resulting from arith-
metic procedures multiplied by a factor of 1.5 to take
account of the non-statistical background uncertainty,
together with the fixed figure of 2% which takes into
account lack of reproducibility. The small errors as-
signed to some of the weak lines result from an inten-
sive study of this particular portion of the spectrum.

Accurate conversion intensities, K/L- and L-subshell
ratios of most of the transitions were determined. The
experimental results were compared with the theoreti-
cal values for conversion coefficients.

E.BASHANDY AND A. ABD EL-HALIEM

2. Experimental Results

The energies, intensities and assignments of the
conversion lines observed in this work are summariz-
ed in Table 1. The energies of the conversion lines
are believed to have absolute uncertainties of ~ 0.2
to 0.3%, this uncertainty resulting from: 1) a pos-
sible calibration error of one part in 10* in momen-
tum arising from source position and degaussing
uncertainties, 2) uncertainty in top line — centre po-
sition for these lines and 3) a possible error in the
source thickness. ’

The transition energies and atomic shell assign-
ments for the observed conversion lines were de-
duced using the tabulated !! binding energies. Figs.
6 and 7 show the conversion spectrum of the 190.11,
198.23, 205.52, 208.28, 210.08, 214.54, 215.86,
217.92, 227.87, 239.82, 260.20, and 262.79 keV
transitions which are revealed through their K- and
L-shell conversion lines. Rather complex and weak
conversion electron spectra due to y rays of energies
190 — 326 keV have appeared for the first time in
our measurements, see Fig. 8. Only a 320 keV tran-
sition had been observed previously, however, the
high resolution adapted revealed instead three y rays
of energies 318.90, 322.43 and 326.24 keV. Also,
as indicated in Fig. 9, some of the lines can be inter-
preted as K-conversion lines of transitions in the
proposed level scheme. The good agreement between
the transition energies, calculated from the level
scheme and from the conversion lines, gives in some
cases rather strong support to the interpretation of
these lines as emitted in the decay of 4"Nd. More-
over, in the conversion spectrum of *"Nd new peaks
of 450(K), 460(K), 542(K) as well as 552(K)
were found. The relative intensities and the assign-
ments of the peaks are shown in Fig. 10. No » rays
of energy higher than 533 keV could be found by
the scintillation technique except the 690 keV transi-
tion. The presence of weak y rays in this region
would be difficult to detect. From the sum coinci-
dence technique undertaken by Sastry et al. 7 a y ray
of energy 7231+ 7 keV was observed and could be
fitted in the level scheme. In our present investiga-
tions together with the prominent peaks due to pre-
viously reported y rays, above 533 keV, there are
a number of weak peaks in evidence. K-conversion
electrons of new y rays of energies 633, 643 and
724 keV were detected, Fig. 11.

11 R. D. Hire. Beta and Gamma-ray Spectroscopy, edited by K. Siecsann, North Holland Publ. Co., Amsterdam 1955.
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Fig. 6. Internal conversion spectrum of 190 K, 198 K, 167 L,
205K, 208 K, 172 L and 210 K lines.
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Fig. 7. The L- and K-conversion lines of y rays of energy
about 190 —263 keV.
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Fig. 8. The K-conversion lines of the 290, 293, 302, 307, 309,
319, 322 and 326 keV transitions together with the L-conver-
sion lines of the 260, 263, 273, 277, 279, 283, 290 and
293 keV transitions.

The transition energies determined in the present
investigation are summarized in Table 1. There is
excellent agreement between the % transitions found
by the present authors and those of Sastry et al.”.
A total of 66 y transitions have been found in the
decay of 147Nd.
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Fig. 9. Part of internal conversion spectrum shows mainly the
K lines of the 344, 370, 371, 398, 400, 405 and 413 keV
transitions in 47Pm.
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Fig. 11. The high energy part of internal conversion spectrum
from the decay of 147Nd.

2.1 Multipolarities

The present conversion electron spectrum study
which yields ratios for conversion electron intensities
in different shells and subshells should possibly give
information about the multipole orders of the tran-
sitions. The multipolarities of most transitions are
based on comparison of measured K/L- and L-sub-
shell ratios with the corresponding theoretical ratios
derived by interpolation from the K- and L-shell
conversion coefficients calculated by Stivand Baxp 12,
and also from comparison of the absolute conver-
sion coefficients with the theoretical ones. By means
12 L. A. Suwv and I. M. Baxp, Tables of Internal Conversion

Coefficients, Izv. Akad. Nauk SSR, Moscow —Leningrad
[1958].
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of the photon intensities 13 and the conversion elec-
tron data of some transitions, we have calculated
the absolute conversion coefficients which are pre-
sented in Table 1. Normalization between the two
series of data is obtained by assuming that the 533
keV transition is a pure E2 transition with K-con-
version coefficient equal to 0.0084.

The mixing ratio 6% (02=E2/M1), has been de-
termined for the 77.61, 90.76, 93.06, 94.31, 172.12,
260.20, 278.75, 322.43, 413.10, 508.23, 552.23
and 690.10 keV transitions either from the absolute
conversion coefficients or from the conversion elec-
tron ratios, see Table 2. The results obtained were
compared with previous results determined from
directional correlation measurements.

" . ]
Transition ener Mixing ratio
(keV) gy | 52— }%2 M1 | Calculated from
77.61 + 0.03 0.145 +0.019 | L;/Ly; ratio
90.76 + 0.04 0.076 4 0.008 oy and K/L ratio
93.06 + 0.06 0.099 + 0.010 K/L ratio
94.31 + 0.06 0.314 4 0.041 K/L ratio
172.12 + 0.10 0.287 + 0.032 K/L ratio
260.20 + 0.15 244 +0.25 K/L ratio
278.75 + 0.24 0.115 4+ 0.014 K/L ratio
322.43 4+ 0.28 0.095 + 0.011 K/L ratio
413.10 + 0.32 0.520 + 0.063 ax and K/L ratio
508.23 4+ 0.42 0.800 +- 0.080 K/L ratio
552.23 +0.49 | 0.424 + 0.045 K/L ratio
690.10 + 0.42 0.775 + 0.082 ax and K/L ratio

Table 2. Experimental values of the mixing ratio of some
transitions in 7Pm.

3. Decay Scheme of 1¥7Nd
3.1 Energy levels of 1*"Pm

In constructing a decay scheme from the observed
transitions, consideration was first given to the ener-
gy levels suggested by Sastry et al.”. Their coinci-
dence results unambiguously confirm seven excited
states at 91, 182, 413, 491, 533, 690, and 723 keV,
which accommodate 17 7 transitions with a very
good energy fitting, as shown in Fig. 1 a. A search
for further excited states was made by investigating
the numerical relationships between the transition
energies. As a first step, relationships of the type
E, + E, =E; were studied. All possible energy sums
of pairs of transitions in Table 1 were calculated
and compared with the energy of a third transition.

13 Nuclear Data Sheets, National Academy of Sciences, Wash-
ington D. C. 1961.
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Although in the present investigation the accura-
cies of the transition energies are rather good, the
number of random cases was found to be consider-
able for some types of configurations. This calcula-
tion showed that in many cases the sum of the ener-
gies of two transitions equalled the energy of a third
transition within the limits of error. It is therefore
demonstrated that the majority of the sum relation-
ships are likely to correspond to true cascade cross-
over combinations. This calculation gives strong
support for further energy levels. Transitions pre-
viously located in the decay scheme were discounted
in this estimate. In an attempt to find further energy
levels, a search was made for levels supported by a
minimum of two transitions which connected with
confirmed levels discussed above. The decay scheme
deduced from the data is shown in Fig. 12. The
existence of the 120, 182, 231 and 273 keV levels
has been confirmed in our investigation, which is
supported by the appearence of direct ground state
transitions, as shown in Figs. 1b and 12. The 319
and 398 keV levels proposed by RurLepce et al.*
evidently appeared in our present decay scheme and
are followed by the 318.90 and 397.84 keV transi-
tions to the ground states. These transitions have
also been observed in the conversion electron meas-
urement reported by RurLepce et al.?. The 413,
491, 533, 690, and 723 keV levels are consistent
with the measurements of Sastry et al.?, however
the modes of decay are slightly different due to the
appearence of weak transitions which could not be
detected before. The existence of three more new
levels at 471, 552 and 763 keV is proposed to ac-
commodate the y transitions found.

3.2 Spin Assignment

Spin and parity information was derived from
the multipolarities and the log ft values in the follow-
ing manner. Since knowledge of the multipolarity
of a ground state transition immediately leads to an
assignment of spin and parity, transitions of this
type were first studied. The spin and parity of the
ground state of 1*7Nd has been known to be 5/2 —
from ABraHAM’s investigation 8. The ground state of
147Pm, as was discussed 7, can be assigned 7/2+.
All the f transitions from the ground state of 4"Nd
and feeding the excited states of *’Pm have been
classified as first-forbidden with a spin shange of
zero or one and with change of parity > 4. On these
basis the spin and parity assignments of the excited
states are suggested.
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Fig. 12. Proposed decay scheme of 47Nd.

Levels below 400 keV : The spin and parity 7/2 +
assignment for the first excited level 90 keV, is com-
patible with the observed 90.76 keV M1 +E2 tran-
sition to the ground state. The 90.76 keV transition
was identified by observing the K, L;+L,;- and
L,;-conversion electrons. The K/L ratio requires
a small E2 admixture of about 7% which is in satis-
factory agreement with the angular correlation meas-
urement 1%. Coincidence experiments? have shown
that the 90 keV level is fed by y rays of 91, 332,
400, 442 and 599 keV. In addition, the present
measurements have proposed the existence of weak
feeding by y rays of 227.87, 306.89 and 633.13 keV.

The 120 keV level was firstly suggested by Rur-
LEDGE et al. 4, however, Sastry et al.” excluded its
existence and placed the 120 keV transition between
the 533 and 413 keV levels. The 120 keV level is

again proposed in our constructed decay scheme for

147Pm, where it is de-excited to the ground state by
the 120.04 keV transition. A new y ray of energy
121.32 keV was observed in our conversion electron
spectrum and it is an energetically perfect fit be-
tween the 533 and 413 keV levels. There are two
transitions 153.22 and 642.82 keV feeding the 120
keV level decaying from the 273 and 673 keV levels
respectively. From the relative intensities of the
conversion electrons, and the absolute K-conversion
coefficient it was confirmed that the 120 keV is pure
E2 transition which suggests the spin and parity of
3/2+ or 11/2+. The 3/2+ assignment is more
favourable, since it is compatible with the multi-
polarities of the transitions feeding this level.
Gunve et al. ® were not in favour of introducing
a level at 182 keV and they put an upper limit of
less than one percent for the intensity of f transition
to this level if it exists. Sastry et al.? have shown
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by the sum coincidences that there are cascades from
the levels 690 and 533 keV to the 182 keV level.
However, as pointed out already, these branching
ratios are small. In addition the levels at 690 and
533 keV are themselves fed by f decay of 4"Nd
through 3.5 and 16%, respectively. The cascade
transitions from 491 and 413 keV levels to the 182
keV level could not be inferred from coincidence
investigation 7 because of the confusing background.
Therefore, it was concluded 7 that the intensities of
v lines 508 (690 — 182) and 351 (533 —182) keV
must be small and it is likely that the earlier investi-
gators missed these lines. OQur present investigation
gives new information on the 182 keV level since
it shows cascades from the 724, 690, 552, 491, 471,
398 and 319 keV levels. All these transitions are
weak. But the most striking feature is that the cas-
cade from the strong 533 keV level is excluded in
the proposed decay scheme. It is also necessary to
assume that the  group feeding the 182 keV level,
if any, must be very small. The mode of decay of the
182 keV level as inferred from the present studies
and from the sum coincidence measurement?’, is
through a (90.76 +91.36) keV cascade and a cross-
over transition. For the energy level at 182 keV,
three possible spin values 3/2+, 5/2+ or 7/2+
were suggested, though any definite conclusion re-
garding spin value, could not be drawn 7. The multi-
polarities of the transition feeding and de-exciting
this level favour spin and parity 5/2 +.

The level at 208 keV is proposed according to the
appearance of y rays of energy 208.28 keV in our
measurements. The K- and L-conversion electrons of
the 208.28 keV transition were observed for the first
time in the internal conversion spectra from the de-
cay of 147Nd. The multipolarity of the 208 keV is
pure M1 as determined from the K/L-conversion
ratio. Due to this assignment the spin and parity
5/24, 7/24 or 9/2 + are possible for the 208 keV
level. The 208 keV level is fed by the 205.52,
262.79, 282.71 and 343.81 keV transitions. The de-
termined multipolarity assignments for these tran-
sitions confirm the spin and parity 7/2 +.

On the basis of pure M3 transition between the
231 keV level and the ground state, the spin of the
231 keV level is probably 1/2 +. It was difficult to
prove that the 231 keV transition is an M3 since the
K/L ratio is equally the same for E2 and M3 char-
acter, see Table 1. However, the weak intensity of
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the 231 keV y ray is in agreement with the M3 as-

signment.

The E2 character of the 273.25 keV and the M1
character of the 318.90 keV transitions to the 7/2 +
ground state suggest the spin and parity of the 273
and 319 keV levels as 3/2 + and 5/2 + respectively,
considering the multipolarities of the transitions
feeding and de-exciting them.

The 398 keV level is de-excited by a strong
ground state transition. The conversion electron ra-
tio K/L of the 397.84 keV 7 ray agrees with the
value for pure M1 transition. Consequently, the spin
and parity of the 398 keV level is consistent with
5/2+4, 7/24 or 9/2+. According to the pattern of
transitions feeding this level and the pure E2 charac-
ter of the 166.94 keV transition decaying from this
level to the 1/2+ (231 keV) level, the 5/2+ and

9/2 + assignments are excluded.

Levels above 413 keV : The spin and parity could
be estimated for the 413 keV level, since it is po-
pulated by an M1 -+E2 transition (78keV) from
5/2+ 491 keV excited state, a pure M1 transition
(277 keV) from 5/2+ 690 keV excited state and
the pure E2 transition (121 keV) from the 3/2 +
533 keV excited state, and also since it is de-excited
to the 7/2 + ground state by an M1 4 E2 transition
(413.10 keV) as proved from the conversion elec-
trons ratio as well as from the absolute K-conversion
coefficient, as illustrated in Table 1. 7/2 + assign-
ment is proposed for the 413 keV level according to
the conversion coefficients data, however, 5/2 + and
9/2 + could not be ruled out. This assignment is in
agreement with 7/2 + determined from angular cor-
relation experiments 1°.

A new level is suggested at 471 keV which is fed
by 81.32 keV y ray from the 552 keV excited level.
The decay of the 471 keV level to the ground state
is not observed. It is de-excited to the 182, 208, 231
and 273 keV levels by y rays of energies, 289.64,
262.79, 239.82 and 198.23 keV respectively. This
phenomenon is difficult to explain unless a § branch
is feeding this level together with the 81.32 keV y
ray. The multipolarity assignments for these men-
tioned transitions make the spin and parity 9/2 +
the most convenient values for the 471 keV level.

The observed M1 multipolarity of the 491 keV
ground state transition favours a spin and parity
of 5/2 + for this level. A new 233.22 keV y ray with
M1 character was found feeding the 491 keV level.
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The 533 keV level is fed mainly by a strong f
transition from 147Nd and de-excited by strong y rays
of energies 533.41 and 442.64 keV. Additional weak
y rays, 302.47, 260.20, 214.54, 121.30 and 134.82
keV were also found de-exciting this level. On ac-
count of the sum energy relations, the 157.04 and
190.11 keV 7 rays are feeding the 533 keV level.
The conversion coefficients of the 533 keV y ray
proved that it has pure E2 character. By the K/L-
conversion ratio alone the multipolarity could not be
estimated, since a value of 5.65 for this ratio is com-
patible with either E2 character (K/L=5.67) or M3
character (K/L=5.85). However, the absolute K-
conversion coefficient could differentiate between the
two multipolarities. The present results are in good
agreement with the previous conversion results 4.
Therefore a 3/2 4 assignment is proposed for the
533 keV level.

A level at 552 keV is proposed according to the
energy sums of the (370 +182), (279+273) and
(344 +208) keV together with the appearance of
y ray with energy of 552.23 keV. This level is fed
by a y ray of energy 138.26 keV de-exciting the 690
keV level and a y ray of energy 210.08 keV de-ex-
citing the 763 keV level. The spin and parity 5/2 +
are assumed due to the multipolarities of the feed-
ing and de-exciting transitions and also due to the
indicated M1 + E2 character of the 552.23 keV tran-
sition to the ground state.

The 690 keV level is de-excited to the ground
state by the 690.10 keV transition. No y rays were
observed feeding the 690 keV level and it is pre-
sumably fed by a f transition. The measured K-in-
ternal conversion line intensity and j-ray intensity
of the 690 keV y ray gave the conversion coefficient
ag = 0.0065 £ 0.0007. This value agrees with the
theoretical coefficient for M1 with an admixture of
quadrupole character, see Table 2. Conversion lines
of the 690 keV transition were not previously ob-
served, as a consequence the multipolarity could not
be assigned. The conversion coefficients data sug-
gest spin and parity either 5/2+, 7/2+ or 9/2+.
The E2 character of the 459.50 keV transition, plac-
ed between the 690 and 231 keV levels, assigned
5/2 4+ for the 690 keV level which is in agreement
with the angular correlation results 10,

In the sum coincidence spectrum? for 723 keV,
a sum peak at 723 keV alone was obtained with no

14 H.W.Wricnt, E. . Wyartr, S. A. Revy~oLps, W. S. Lyox, and
T. H. Hanorey, Nucl Sci. Eng. 2, 427 [1957].
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other peaks for the possible cascades. As suggested
by Gunye et al. b, the 723 keV excited level decays
by a cascade (4104 310), however SasTtry et al.”
concluded that the 723 keV level exists but its decay
is mainly through a cross-over transition to the
ground state. From our internal conversion measure-
ments we found both a direct transition to the
ground state and different cascades, as shown in
Fig. 12. It may be noted that intensities of the y-ray
cascades are small, in addition, the high energy level
at 724 keV is fed by a percentage of f transition
from 147Nd or probably low y-ray energy de-exciting
the higher excited level at 763 keV. Due to the M1
character of the 724.01 keV transition together with
the other multipolarities of the y transitions de-ex-
citing the 724 keV level, a 7/2 + assignment is sug-
gested.

The presence of the 763 keV excited level in
147Pm solved the location of the 210.08, 349.97,
642.82 and 763.12 keV transitions in the decay of
147Nd. The spin and parity of the 763 keV level are
supposed to be 9/2 + .

4. Discussion

The level structure of *"Pm resulting from the
present work differs from the schemes proposed by
earlier investigators* 7. The principal y transitions
found in reference? have been identified here and
the different cascades have been confirmed. How-
ever, the present results differ in the energies and
positions of some of the other y transitions. By
means of intensity data and the directional correla-
tion measurement 1%, it has been possible to limit
the probable spin assignments for most of the levels.
More information is needed in order to interpret the
low-lying level structure of 4’Pm. Therefore some
speculation based on the present results may be
useful.

The *"Pm nucleus has 61 protons and 86 neu-
trons. It lies just below the region of stable deform-
ed nuclei. Empirically the transition to deformed
shape is observed to take place for neutron number
between 88 and 90. The NiLssoNn model has been
successful in predicting the level structure in the
deformed region 1%. If one attempts to interpret the
present level structure in these terms, one is forced
to choose the (7/2+, 404) orbital for the ground

15 B. R. MorreLsoxn and S. G. Nisson, Kgl. Danske Videnskab.
Selskab, Mat. Fys. Skrifter 1, No. 8 [1959].
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state of 1*7Pm. However, in order to consider this
choice a small deformation parameter is required.
This is not reasonable compared to other deforma-
tion parameters in this region and one concludes
that the NiLsson approach is not applicable here.
Even if the additional freedom of non-axially sym-
metric shapes is allowed in accordance with the cal-
culations of Hecur and Sarcuier 16, it is not pos-
sible to account for the spins and parities found in
the present work. Finally, we may compare the level
structure with the calculations of KissLinger and
Sorensen 17, in which the spectra of spherical nuclei
with residual forces have been predicted. The main

16 K.T.Hecur and G. R. Sarcuier, Nucl. Phys. 32, 286 [1962].
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assumption of this theory is that the low-lying states
of spherical nuclei can be treated in terms of two
basic excitations, quasi-particles and phonons. For
the most part these are treated as separate modes
of motion. For even-even nuclei the lowest excita-
tions are the phonons, and only these are treated in
detail. For the odd-mass nuclei both of these modes
of excitations are low in energy and are considered
as well as their interactions. However, these calcula-
tions are not fully successful in predicting 4"Pm
structure especially for the low-lying levels. These
facts have been observed in the neighbouring *°Pm
nucleus.

17 L. S. Kissuinger and R. A. Sorensex, Rev. Mod. Phys. 35,
853 [1963].

Composition Dependence of the Thermal Diffusion Factor in Binary Gas Mixtures
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The thermal diffusion factor, a;, for the gas systems He—Ar, He—Ne, Ne—Kr and Ne—Xe is
measured as a function of composition in a glass two bulb apparatus, operating with its hot and
cold bulbs at 373.9° and 273.3 °K respectively. Gas samples are analysed with a sensitive and
specially designed differential thermal conductivity analyser. The a; data are compared with
similar values of other vorkers and a smooth set is recommended. The data are further compared
with the predictions of rigorous theory in conjunction with realistic intermolecular potentials. An
approximate prediction of the theory concerning the composition dependence of ap has been

checked.

Many efforts have been made to measure the
thermal diffusion factor a;, for binary mixtures of
gases and these are summarized by Grew and Isss !,
and Mason, Muny and Smith 2. Saxenxa and Ma-
THUR 37 have interpreted some of these data in a
series of three articles. During these studies a need
for a number of specialised investigations came into
light. The present work is polarized towards such
deficiencies and particularly deals with the compo-
sition dependence of ay. The mixtures of noble
gases have been investigated in view of the fact that

* Department of Physics, Kurukshreta University, Kuruk-
shreta, India.

** Thermophysical Properties Research Center, Purdue Uni-
versity, Lafayette, Indiana, U.S.A.

1 K. E. Grew and T. L. Isss, Thermal Diffusion in Gases,
Cambridge University Press, New York 1952.

2 E. A. Masoxn, R. J. Muxy, and F. J. Smits, Advan. in Atomic
and Molecular Physics (Ed. D. R. Bares and I. Estermany),
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the Cuapman—Enskoc theory strictly applies only to
such monatomic spherically symmetric molecules.
The specific binary systems covered are He— Ar,

He — Ne, Ne — Kr and Ne — Xe.

Experimental Procedure and Results

For our measurements the known two bulb ther-
mal diffusion apparatus is used with the volumes
V1=193.5 cc and V,=30.3 cc. The two volumes
can be separated by a stopcock and the two bulbs

3 S. C. Saxexa and B. P. Maruur, Rev. Mod. Phys. 37, 316
[1965].

4 S. C. Saxeva and B. P. Matuur, Rev. Mod. Phys. 38, 380
[1966].

5 S. C. Saxeva and B. P. Maruug, J. Sci. Indust. Res. India
25, 54 [1966].



