Lawrence Berkeley National Laboratory
Recent Work

Title
SPINS OF GADOLINIUM-153, DYSPROSIUM-153, AND PROMETHIUM-148

Permalink
https://escholarship.org/uc/item/9jh7g014

Author
Ali, Dolores.

Publication Date
1965-01-07

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9jh7q014
https://escholarship.org
http://www.cdlib.org/

 UCRL-11837

University of California

Ernest O. Lawrence
Radiation Laboratory
4 )

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

N

SPINS OF GADOLINIUM-153, DYSPROSIUM-159,
AND PROMETHIUM-148

_J

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




Submitted to Nuclear Physics

| .UCRL-1183'7 .

UNIVERSITY OF CALIFORNIA

Lawrence Radzatmn Laboratory
Berkeley, Califorma

. ' AEC Contract No. W-7405-eng-48 .

SPINS OF GADOLINIUM 153, DYSPROSIUM-159, ‘ H
' AND PROMETHIUM-148 R ‘ .o 3

Dolores Ali

- 3anuary 7, 1965 .



-iiis .+ . UCRL-11837

sprs OF GADOLINIUM- 153, DYSPROSIUM- 159.
. AND PROMETHIUM-1487

Dolores Ali

J

, Lawrence Radiation Laboratory
. S . ' University of California
: : Berkeley, California -
January 7, 1965

~

ABSTRACT

Ground-stete nuclear spins of 236-d Gd153, 4134-d Dy159, and - |
5 3A d Pm148 have been measured by the atomic-beam magnetic- -reso- -
nance method. They are found to be I(Gd153) = 3/2, I(Dy159) = 3/2, andhs
Pm148y = 1, | |
The spihs of Ga153 a:nd Dy159 are found to beconsist.ent Qith
- collective -tnodel state assignments for the odd neutrons, 3/2+[651] and

148 4 is found to be conststent thh

3/2-[521] respectively. The spin of Pm
shell-model lstate asmgnments g7 /2 for the odd proton and (f7 /2)5 /2 for :

the odd neutrons
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1. Intl'oduction Kf":

The rare earths (57 S Z £71) occur in a transition region between

spherical and highly deformed nuclear cores. Measurements of the nuclear

spins of neutron-enriched isotopes of the rare earths are useful in the de- 4
. termination of the neutron numbers N for which collectwe effects become
important in these elements. The spins further serve as a test of nuclear-

model predictions -- shell model or collective model; and the spins of -de-‘

4
A

formed nuclei may serve as a test of the deformations' calculated by Nilsson..

It is necessary for one to know the electromc angular momentum
.(J) and the electronic sphttmg factor (gJ) to mfer the nuclear spm (I) from

the measured Zeeman splitting of the hyperfine structure levels; i.e., |}

- 1
' - the quantity measured by the atomic-beam magnetlc-resonance method 1s‘

FE+ 1)+ (T+1) -I(+1) . o

BFr~ &g ZF(E + 1)

where a term in the nuclear g has been neglected. Values of J and g3 -afe L

‘available for the ground states of almost all the rare earths?).
2. Experimerital‘Method and Results

The radioactive materials used in this research were produced in

the Materials Testing Reactor at ARCO, Idaho, where the maximum flux is

5% 10?4 neutrons/cm%/sec. Generally, following irradiation, the sample
is placed in a sharp-llpped tantalum crucible and then sealed in a tantalum |
_oven; the c’wen.is then inserted ipto the beams tnachine and heated by

: electron'bomllardn'ient to produce. a beam of at.omvs. The beams machine is
a conventional flop-in design; detaile of the apparatus are given. in refer-A :

ences 1 and 2. The atoms are detected by deposltlon on freshly flamed

'_'platmum foxla whzch after exposure are placed in methane beta counters - S
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to determine the collected actiyity.' Platinum has a relgt,:?;vely high and

oo reproducible collection efficiency for the rare earths. S S

G

Transitions may be observed between energy Ievels of the Hamiltonian - « .

B 3(1 - 3%+ 3/2(1- J) - WL+ 4)3(T + 1) -

36=AA'*I T+
LI(21 ~ 1) (27 - 1)

-85 Bold* H) wgpoll* H)

by means of the atomicebeam magnetic-resonance metﬁod. Occurrence of
 a flop-in t;ans'ition (mﬁ; *;mJ) is-indicated by an increg'se in iptensity atA S
the detector. | : ; | | ‘
Experxments in which nuclear spins are measgred usually are con- . I,f:-- »
ducted at low magnetxc fields where Iand J coupie strongly to a total angular
momentum F, and the transxtmn frequency between magnetic substates of the
‘ - . same hyperfine structure level is v = gr koH/h. 'By"exposing the beam te :
| discrete Zeeﬁan frequencies, w'hich are calculated by aséuﬁxing reasonab;ev
values for the ndclear spin,; and noting the particular freqdencies~f0r which
resonance occurs, we’' can deter‘mine the correct value of the spin. “ The
| magnetic field is measured by observation of ‘re'sonan.ces ina cal'ibra.ting.
\ _ isotope, K39. h | . | |
L 2.1 GADOLINIUM-153
- S Optical spectroscopic resdltg ixidicate a grodr;d electronic eonfigu-,t»‘:_“-. |
‘ ':\\:ation of 4f75d1 for gaddliniﬁxﬁ3). ‘The Russell-Saunders g;l values fqr a
9p ground 'term‘agree with t(:hose measured in an atdmic-beam experirﬁer‘xt R
‘on stable»(}d“—’8 and confirmed b); Cabezas for the J = ‘2, 3,4,5 levels4).
Gadolinium-153 was produce.d by neutroa.irradiation of the natural
‘metal (0.2% abundant in GdiSZ) Two-hundred—milliérat‘n quan'tit;x'es of the ‘j o ‘
metal were 1rrad1ated for 6. weeks, after whxch samples were. allowed to ‘ ' |

decay for 3 weeks m order tha.t the short—hved 1sotopes. 18 h ('.‘vd161 and

- 7-d Tb“’i, would be ehmxnated ‘. - o :

oy -
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I
:

At beam temperatures of ep_proxirriately 2000°K,;;:_the J=2,3,4,5

levels were sufficiently populated to allow a satisfactory'spin search for each

level, 'The data taken at H = 2.84 G and H = 5.56 G indicate a spin I = 3/2 for
Gal33, (See Figs. 1 and 2.) Decay ofanl= 3/2 resonance expomue mdzw
cated that the isotope was 236-d Gdi53 (Ref. 5).
2.2 DYSPROSIUM-159°
Cabezas inferred a glround electronic cog’xﬁguraﬁgix)n of 4£10662 for

dysprosium and determined thet the electrons are Rﬁe;ell»slaﬁ.nders coupled
to a 5I8 grouod state?: 6). For the 518 state, he measérfed 8y < -4.24166(7). :

- Dysprosium-159 was produced by neutron irradiation of 40 mg of :
dysprosium oxide (7 to 14% enriched in Dyﬁss) for 6 weeks. (The oxide was ;
used in preference to the natural ciysprosium metal because the metal con-
tains -<0.1-':DDy158.) Each 40-mg sample was allowed to decay for 6 weeks
in order that f:he short-—live'd isotopes -~ Dy165(23~h‘}, Dy166(80-h), and
H0166(27.2-h) -- would be eliminated. A réeducing agent, misch metfal --

primarily a mixture of lanthanum and cerium ---was added to the oven in
| : . : _ .

order to obfain a beam of atoms from the oxide.

The first few.experime.nts were complicated by the presence of Tb

in the beam. In a spin search at H = 2.84 G, many resonances were ob-

served, which gave the appearance of a broad {(2-Mc-~-wide) resonance curve;' »
most of these were attributed to Tb upon .discovezry that the 3%-enriched .
dxide contained >1% Thb -(and ~ 2% Ho). The results of a repeat spin search
at H = 2.81 G, with the 14-%--enriched oxi'de (0.05% Tb"VO i% Ho) used, are |
shown in Fig. 3. These resuli.s indicate the spin to be I = 1/2 or 3/2.

However. at this f1eld the I1=14/2 and I = 3/2 resonance frequencxes are

“within a 11ne width of each other. To remove the ambiguity it was neces_sar'y,_"
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{ :
! . ' i
e i

to go to higher fields, where these frequencies are separated by more than
200 kec/sec. Data from the spm searches at H = 5.56 G and H=10.86 G

" indicate the spin I = 3/2 for Dy159 (Figs. "4 and 5)) Decayofanl= 3/2
resonance exposure identified the isotope as 134-4d Dyisg((Ref 73.
2.3 PROME’I‘HIUM 148

| Promethium has a ground electronic configuration of 4f56s% and a
Russell-Saunders ground-state term of 6.6 At beaméé:emperatures
(=1000°C) both the J = 5/2 and J = 7/2 levels are relaté%vely well populafed.
However, the J =‘5/2 level w.as. not observed because ;LS g3 value, 0.293
(Ref. 8), is too low to be. deflected around the stopwire of our- atomi_c ubeam‘ ’
machine. For the J = 7/2 le*:?el, the g7 ha.s been measured and found to be ‘

AN
'

©-0.8279(4) (Ref. 9). : : | ‘

147 in chloride solution were obtained ~ 4

Curie amounts of 2.7-y- Pm.:
frofn the Union Carbide Nuclear Company at Oak Ridge, Tennessee. An

- excess of nitric acid was added to the solution to convert it to nitrate.

The nitrate solution was then heated to dryness, and approximately 1 mg . .
of the nitra'tet powder vwas irradiated for 3 weeks to proﬂuce a sample'of.

" Pm148. After irradiation the p;)wder was diesolve’d in -e weak solution of |
nitric acid, transferred to the oven crucible, and heate.d in air to 700°F to
convert the nitraée to exide. The xjadidehbmiéta‘:y}waa;:pex;fdrmed“imaa.
shielded glove box with manip'ulat01°s. A reducing agent - misch metal --
was added td the c-rucible.' _ |
| Spin searches at H = 2.84 G and H = 5 56 G clearly indicate the spm |

I=1 for Pm148, (See Fxgs 6 and 7.) The 1sotope was 1dent1£1ed as 5.3-d '

Pm148 (Ref 10) by decay of the resonarce. exposures E
|
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i

. On the basis of its beta decay, the ground state c;ﬁl:'rynfl‘18 was
“). From the results of low-temperature nuclear-
12)'

assigned spin I = 2-
alignment expériments. C}ranf and Shirley assigned the spin I =.1-
Qur result (1 =: 1) agrees v'lith: that of Grart énd Shirley. |
| | | 3. Discussion
The shell-model state assignment for the 89th neutron is 5£A7/24 or‘
6h9/2 .‘ The measured spin of Gd153 (i = 3/2) disaorées with the sheii-‘
model prediction and indicates that the C'rdis3 nucleus fls probably deformed
For mass number A = 153 the deformation is expectedko be relatively small. :
The collective -rnodel orbital aséi‘gned to the odd neuvtron by Mottelson and |
Nilsson14) wi‘th the provision that 8 be small (3/2 + [651]) agrees with th._ese
measured spin. In Tabie I the:spin 'o.f Gal153 e lis:cé.d. with the sp.in and o
neutron state ass.ignm'ents of three chér gadolinhium isotopes. The spin
of Ga13? only is in disagréerﬁent with collective-model orbital as'signmenté-.-
The measured spin of Dy12%9 (1 = 3/2) is consistent with the Ni.ls_sonv
orbital 3/2-[521] fof the 933;d neutron. The spins and neﬁtron state

assignménts‘of six dysprosium isotopes, inciuding Dyi59, are listed in

Table II. The empirical energy-level structure of the 89th through 99th

~neutrons obtained from these results is in good‘agreement with that calcu-

lated by Mottelson and lesson’M) The spin of Dy165 suggests that the

Nilsson state 7/2 + =[633] lies below the 1/_2 - [521] state. Itis also

interesting that the orbital of the 95th neutron of Dyﬂ“{"ﬂ differs from that

of the 95th neutron of Gd159

The results 1nd1ca.te that Pm“‘8 is best described by the shell

model. The nucleon conﬁguratmn is p"roba.bly g7/2 for the odd proton and .

4.5)_

(f7/2)5/? for the odd neutrons These a,ssmgnments are consmtcm with ~

the measured spin I = 4.
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Spms moments, and nucleon-state asmgnments
for some odd-A gadollmum isotopes. :

Nuclei . I

- Neutron = -
‘'gstate -

: Magnetic
- moment (nm)

Quadrupole

~ moment {barne)).

aGat®3 32 3/240651) L s -
Galss 3/2 3/2-[524] . 0.28(4)® L
‘Gald%7T  3/2  3/2-[521] 0.38(5)% £ 4.00
"dd159 g 3/2 o 3/2:[521]' ' ..;.. ' f -ew ©

'A'a.." B. Bleaney, Nuclear Moments of the Lanthanons, in Proceedings of |

“the International Symposium on Quantum Electronids 3d, Paris,

" February 1963'(Columbia Univ;ersit)} Press, New .York, 1964) ‘

30, 585 (1958).

e Reference_b.-l '

- b D. Strommgen J. M. Hollander, and G. T Seaborg, Rev. Mod. Phys‘ o
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Table II. Spins, moments, and nucleon state assignments

"~ Nuclei

o 66Dy
DyiS’I
Dy159
py161
Dy 163
Dy 165

I Neutron - Magﬁetic Quadrupole
state moment (nm) moment {barns}))

3/2 - 3/24[651] (=) 0:21(5)‘3 -

. .3/2 3/2-[521] {-) 0.32(2)% -—-
3/2 3/2-[521j - ,. T
5/2 5/2+[642] - 0.455(10) : + 1.35(30)°
5/2 ' 5/2-[523] | + 0.635(14) -+ 1.62{40)P
772 a/24+[633] L.

for some odd-A dysprosium isotopes.

seente s
e aaea

A
s

a. Q. O. Navarro and D. A. Shirley, Phys. Rev. 123, 186 (1961).

b. B. Bleaney, Nuclear Moments of the Lanthanons, in Proceedings of

the International Symposium on Quantum Electronics 3d, Paris,

February 1963 (Columbia University Prés's, New York, 1964).

c. Reference 6.
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FIGURES

1.. Gd153 spin search at H = 2.81 G.

I= 3 and F = 13/2 is “attributed to Pm147 The &;equency 1.759 Mc/sec

lies w1th1n a 11ne w1dth of the Pm147 (I =7/2, Jlr 7/2) Zeeman frequency

2. Gd153 gpin searcl; at H = 5.56 G.:
3. Dy159 spin search at H = 2.81 G.
4. by459 spin search at H = 5.56 G.
5. Dyfl‘59 spin search at H = 10.86 G.
6. Pmi48

at this fleld '
7. Pm“‘?spin search at H ;.5.56 G.
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spin search at:H = 2.84 G. The high point corresponding to
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