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THE NUCLEAR SPINS OF 1126 ,1133;-' AND 113°

Hugh L. Garvin' and Edgar Lipworth

Lawrence Radiation Laboratory and 'Department‘of'P'hysics
University of California, Berkeley, California

February 23, 1960

INTRODUCTION

This paper reports sorrle rece'nt results of a continuing program
to determine the nuclear spins, magnetic momenté, and electrlc quadrupole
moments of the radioactive halogen isotopes by the method of atomic beams..'
The d.ete.rrnination of the ground-state spius of radioactive isotopes is particu-
larly- important for the interpretation:of radioactive decay patterns, and the
measurements of nucle_‘ar. _spiné and moments pro‘vide_experimental evidence
for the formulation ‘and evaluatiou of nuclear-etr‘ucture theories. This work
completes the measurement of the nuclear spms of the series of iodine |

isotopes I 23 through I 135 -with the except1on of the 52- mmute 1134 isotope.

'METHOD
'l‘he atomic-beam apparatus'u:sed fo.r these measurements was
especially designed for use with radioactive Volétile .mvaterials. Although ‘
similar in principle to the standard Atofmic—B—eamv'_l'flop—in" apparatué, 1 it
_differs from it in many constructional details, i_whic_h have. been described in
a previous report. 2 _Thevmethod of determination of spin of radioactive

isotopes in atomic-beam experiments has. also been discussed in detail in

Work done under the ausplces of the U. S Atomlc Energy Commlssmn

T Present address John Jay Hopkms Laboratory for Pure and Applied
Science, General Atomic Division of General Dynamlcs Corp., San Dlego
California.
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"several recent publivcati‘ons,‘zw and only a brief.._sgmmaryvis._ presented
here. |

The electronic ground state of all halogen atoms is 2P3/2, and
thus, with normal ordering of the hyf)erfine levx'réls, there are in general two
observable flop-in transitions for \X}hich th'e'resvonance frequencies are unique
functions of the value of nuélear spin and magnetic field. For I >0 these
transitions, designated a and ﬁ,' are |

d:_ (E =1+ 3/2, MF: -_I_’+ 1/2) <-> (E:l* 3/2, MF: -1- 1/2)

and

B: (F= 1+ 1/2, MFe S 1+3/2)<->(E=1+1/2, M= -1 +1/2),

where F is the total angular-momentum qﬁantum number of the atorh,'_l ‘the

nuc.lea'r—spin guantum number, and MF the projection of the total angular'
momentum along the direction of qu;;‘.ization, In order to determine thé spin
of an isotopé unvequiv‘ocally, these resonances are observed at several differept _
values 'Of the‘,»m.agnetic field. The resonances are detected by allowing the
beam to fall upon’ silver -coated collec_tioh buttons which '_'a.re sub‘s'equentlry
counted in continuous-flow prop»ortibnal counters. The magnitude of the
resonance signal is indicated by the counting rates of the buttons. The
isotope contributing to fhe signal is identified by ité radioé'cfive decay
pr‘operti‘es.

The beam of.iod_in.e atoms is formed by att'aChing a vial containing
a mixture of ;adioactive and natural iodine to a heated platinum dissoqiation
tube heated by electron bombardment to about 700°C to dissociate the iodine
molecules to atoms. > .The vapor pressure of iodine at' room témperature is

adequate for the maintenance of the beam. On some occasions a radio-

frequency discharge tube has been erﬁployed. 2
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'SAMPLE PREPARATION -

Owing to the wide range of masses 'embtacéd'by the isotopes
studiea here, several different ine_thods é.re i'equired for the production and ‘
separation of the radioactive samples.

Todine-126. The bombardment of a‘foﬂ of natural tellurium rr;etal by 12-Mev
protons produces 28-min 112.8, 12.6-hr 1130, 4—aay 1124, 'a.nd 13'—dayv 11'2'6
by the (p, n) reaction. Following a ;bombardmenfc in the‘ Berkéiey 60-inch - ‘,
cyclotron, the tellurium target is dissolved in HNO3 with some iodine carrier
(Nal) and the solution made basic with NaOH. Fdrmig acid is éd‘ded'topre-
‘cipitate the tellurium as TeOZ, leaving the active iodine in solution. ' The
soiution is made slightly acidic with HZSO4, and NaNOé solution is added to
‘oxidize the iodine to its elemental state so that it can be readily extracted
into CS‘2 . Natural iodine carrier is dissolved in the Cs,. The solution-is
mixgd thoroughly and the CSZ is evaporated off, leaving the c'ry‘sfalline
mixture of active and natural iodine in a gl'ass vial which is a’ttached‘directiy
- to the atomic-beam apparatus.

Iodine-132. The 2.3 -hr I132 is conveniently obtained by a ''milking process"
from the 77-hr Te132 parent in an iodine generator provided-by the Brook-
haven National Laboratory. 6 The telluriurﬁ is adsorbed in an alumina mesh
within the generator, and the iodine »i's removed by flushing with 25 ml of

0.01 M NH,OH éolution. The active iodine is oxidized and extracted from the

4
solution as described above. The generator regains its secular equilibrium
in approximately 12 hours, and fresh samples of 1132 may be removed at
12 -hour intervals if desired. One iodine g'er;e‘rator originally charged with
108 mC of 1132. provid'ed sufficient amounts of"1132'. to mé‘asur‘e tﬁe nuclear

spin and to obtain preliminary values of the nuclear moments.
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Iodine-133. The 21-hour 1133 isotope is obtainable as a reactor fission
product from the Brookhaven National Laboratory. It is received as Nal in
aqueous solution from which the 1133 is easily extracted. Some I131 (8-day
activity), whose spin is also 7/2, is present with the 1133 in the sample, and
decay analysis was necessary to ensure correct identification of the obseryed
resonance signals.

. . s . 131 135 . L
Iodine-135. The iodine isotopes I through 1 arec obtained as fission

products after the deuteron bombardfnent of UZ38, The uranium targets

‘used were in the form of thin u_ran‘iumb foils. As 113‘2 and 1133 are more.

easily and "economically obtained in the ways already described, the method

of uranium: bombardment was used .only for the productio.n of 6.7-hr 117.35

and 52-min 11°%,

The target foils of uranium are bombarded with 24-Mev
deuterons in the Berkeley 60=inch cyclotron and then dissolved in HCl. The
" solution- (to which carrier has been addéd) vis diluted and NaNOZ acided to
oxidize the iodine to elemental form. The final extrac_tion proceeds as
described earlier. This method of separation, ’_ch.ough simple, yielded
sufficient actiyity for suvccessful measure‘rl.'.xents on 1135 but a more rapid

method would be advantageous for measurements on the short-lived 11_34.

RESULTS

The results of spin measurements on 11;6, 1132, 1133, and 113

5
are summarized in Table I. The magnetic field values at which a and (8
resonances were observed are indicated. Figure 1 shows the results of a
spin search on a radioactive .iodine sample produced by the (p,n) reaction on
tellurium. The high-counting resonance ‘buttonrs at spins 5(a) and 5(B) were
decayed and the Signals found to be due to 12.6-hr _1130._ " The signal at

spin 2 is due to contributions from both a 2(a) and a'Z(B) transition, and its
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TABLE 1

Results of spin measurements

Isotope Halflife ~  Spin value Magnetic field at which
o . resonances (both a and
B) were observed (gauss)

126

1 13 days 2 ' 0.71  1.42
6.92
132 2.3 hours . 4 282 692
| 13.42  25.39
46.08 A
p133 21 hours 7/2 . 2.82  6.92
o 13.42
133 6.7 hours 1/2 B 2.82 6.92

10.87 -
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decay was consistent with published half-life values for 1126. Complete

radio-frequency resonances were traced at magnetic fields where the 2(a)
and 2(B) resonances were resolved (see Fig. 2).

Tigures 3,4, and 5 show radio-frequency resonances observed in

‘ 1 1
1132, 1133, and 1135. The fission- produced samples contain some I13 I 33

and 1135 and each has spin 7/2 therefore, as mentloned earl1er, the decays of -

the spin-7/2 resonances are complex because of the several components present.

DISCUSSION

With the exception of 1134, the nuclear spins of the iodine isotopes

.1123 through 1135 are now known. The results are summarlzed in Table II

together with odd- proton and odd- neutron level ass1gnments that lead at least
to the correct spin values of the ground states if not in all eases to the correct
parity where it is known. In those ’i‘nstance's in Whic’h the rieutron number, N," is
even the unpa1red.53rd proton in iodine is reasohahly assigned to the 4d5/2
level for N < 76, wh11e for.N> 76 the most reasonable assignment is to the level
5g7/2. |

.The nuclear spins of the odd-A odd-N nuclei are con51stent1y
1/2 for N = 65 to N = 75, but from N =176 to N = 82 the observed spins are
3/2. 1t is not unreasonable to suppose that these spin values arise from the
4381/2 and 4d3/ levels respectively. The spin value 2 of I124 nd 1126 can
be explained by assuming ‘that the odd neutrons (71, 73) are in the 331/2
level and that they couple w1th the d5/2 proton in accordance with Norheim's
'weak'' rule. However, the parities of the ground states in these two cases '

9,10

“are thought to be negative; the present ass'ign'ment would class them as

s 1 '
positive. At1l 28 (N = 75) the observed spin of 1 can be explained only by

assuming that the odd neutron lies in the 4d3/2 level, though this is not the
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Fig. 2. Radio-frequency resonance observed in 1126 at a field of
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case in Xe Zo,c which also has 75 neutrons and exhibits a spin of 1/2.
It is' of interest to note t}lat if this assumption is made, the
resultant spin of 1 is in agreement with the !'strong'' rule of Nordheim..

130 and: 1132 are consistent with a weak rule coupling between

: The spins of I
an odd proton in the 5g7/2' level and an odd neutron in the _4d3/2 level . The
spin of 112»6 has been the subject of some discussion in the literature.
Stevenson and Deutsch, on .the basis of a(fy) angular correlation experiment,
concluded that I = 2 (negative parity), 1 but Marty et al., who studied th;e

12 Perlman and Welker,.

shape of fhe B spectrum made the assignment 1+.
after a more exact determination of the comparative half lives of the (3
transitions, concluded that I= 2™ was thé more reasonable assignment

a result strongly suppo.rted by the later a.hdimore detailed work of Koerts
et al. 10 The work reported here definitely establi‘shes the correctness of
the spin value 1= 2. |

3

The decay scheme of I1 2 has been investigated by Funston

and Bernstein. 1.4 Though Funston and Bernstein do not make a spin and

parity assignment to the grOund state of 113-2, Cheever et al., in a study

' - 15 . . . o
of the decay of Tel32 suggest the assignment 4+;  this; spinvalueds confirmedby the

experiment reported here. The most recent work on '1133 is that of Holm

and Ryde, 16 but the decay schéme is not corﬁpletely analyzed. The result
presented here shouid aid in this ané.lysis. There appears to be little or no
published work on the spectrum of 1135.

The disagreement betweén the exper‘im_er,itai parity as signmfents
to 11'?'4 and I126 and those resulting frorﬁ the classification .scheme of Table II
is prébably more apparent than real. It is certainly pbssible to pick single-

particle-model neutron and proton states which give rise in all cases to the

correct spins and parities, as it is also possible to reconcile the



- =15- y - UCRL-9038

discrepancy by a suitablé choice of states resulting from a defor'med-core
’ riucléar model sﬁth as' the Nilsson model. -H0wever; in th.e absen_'ce of a
measurement of the nuclear magnetic moment and nu.clea-rvevlvectriyc una:dvrupo‘le
moment of the isotopes inﬂrolved it is hardly more than speculatiire to list the
alternative orbitals. |

The authors wish to ‘acknowl‘edge the assistanéé of Messrs. -
Larry M. Cohen and John R .Pé.dilla,' who helped operate the .atomi“c -beam
appavfatus; ‘Members of the Lawr‘e‘nce‘ Radiation Laboratory Chemistry
'Division and Health Chemistry Group ’mad.e substantial contributions to the.

success of this work.
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