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THE SPINS OF THALLIUM-197, -198m, -199, AND -204,
) AND THE HY'PERFINE-STRUCTURE SPLITTING OF THALLIUM-204

G. O. Brink, J. C. Hubbs, W. A. Nierenberg, and J. L. Worcester

Radiation Laboratory and Department of Physics,
University of California, Berkeley, California

February 21, 1957

ABSTRACT

The nuclear angular momenta of four isotopes of thallium and the

204

hyperfine -structure splitting of Ti in the 2 l/Z state have been measured

by the atomxc-beam 'na.gnetxc resonance method The re sults are:

"1/2. :
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197 |

For 2.7-hr Tl
1.8-nr T1II8™ g2,
'..7-.'2-}1.1.- % 1./
4-1?}'? TI_ZM o1=2, A v"(Z_Pl/é_) = 732 % S.Mt:.:; -

The neutron-deficient Lsotopes are produced by alpba particle bom -«
bardment of gold in the Berkeley 60-inch. cyclotron, Tl is produced by

neutron activation of metallic thallium samples
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G. O Brmk J. C. Hubbe, W. A, Nxerenberg. and J. L Worcester
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University of California, Berkeley. Cahforma

February, 21, 1957

INTRODUC TION

‘The atomic-beam method, as a.dapted to measurements on radio-

isotopes, has been used to determine all presently available unmeasured

‘spins and moments in the thallium series. This re search. deahng thh a.n

element near magic numbers 82 and 126, is part of a general program of »
the Berkeley atomic-beam group to determine as far as possible the unknown -

spins and nuclear moments of one or more elements in regions of special

~significance from the .poiﬁ‘t of view of nuclear theory. In this frame of fe-.

ference the question asked in this research is whether deformabilities or

. - spheroidal effects are important for a proton system different by one from

magic, as in Tl; the not entirely unexpected answer obtained is that at

least where ground-state spins are concerned the effects in question are not

iraportant for neutron numbers as far as ten from magic. Measurements
of the nuclear magnetic dipole and electric quadrupole moments, which are
far more sensitive to such phenomena, will have to await improvements in

the experimental techmque that W111 perrmt determinations in the excxted

ZP state,

3/2

This research was suppdrted by ,the U. 8. Atomic Energy Commission,
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APPARATUS AND EXPERIMENTAL DETAILS

. The research has been conducted with a new _atomic;beahi apparatus. -
The principal changes in the new machine are in the direction of increased
flexibility and protectxon against radiation hazards. Under the first heading
the A field has rotatable pole tips so that changes between A- and B—magnet
parallel and antiparallel ficld gradients can be made«externa.lly.v A and B

fields are further obtained from high-impedance coils fed by an electronic

‘r-egulated-current power supply. Radiation hazard is minimized by so de- -

signing the unit that the vacuum e'nveldpe need never be opened save for rare
mechanical failures, and by providing a glove box a.t' the side of the can for
loading sources. | o v o
Aside from the aspects discussed above, the appara.tus is, hke that
of Reference 2, a tapered system with a transmission of 10 -5 and, as used
for this research a. Zacharxas-type machine. utilizing the transition
(F=1+1/2, | mF{ = 1+1/2 , mF( = 1 - 1/2) for which there is a
change in sign of the high-field magnetic moment. Rejection of the full beam
is between 103/1 and 104/1. depending upon the material unde; investigatioﬁ

“and upon the gsource and can conditions, while a resonance in the 2 1/2 state

of thallium is on the order of l% of the full beam for a single component

Under production conditions that hold for the Tl_ isotopes, there is no
clear-cut separation of the activities because of the more or less r'nm_mt'onic
ordering of half lives; nevertheless, the apparatus background is sufficiently
low that a resonance is clearly disceruible above background. |

C-field homogeneity is good (Fig. 1), even for the narrow resonance

‘in thallium caused by apparatus velocity selection as a result of the small "

gJ value relative to the beam aperture. The maivntehance of a constant .C" .
field to a2 small fraction of this line width for several hours is difficult.
Fortunately the reliability of the regulated-cufrent power supply is such that
this condition is met in most runs. In case a sérious» sh‘i.ft in C field is

found, all data taken from the preceding field measurement on are ignore&_. .

——— .
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ISOTOPE PRODUCTION AND SEPARATION

_‘The h'eutr'on-deficientAisd‘to'pe's are produced by alphé\—particle bom -~
" bardment 'éf_gold with the evaporation of four, three, or two neutrons from
the compound nucleus. Typically a bombardment is made for a period of

204 is made by neutron activa-

2 hours at an average current of 35pa. Tl
tion of metallic thallium sample.s; the ratic of thermal-activation cross
sections> for T1293 and T120% is 80/1, and the haif lives of T12°% and
T1206 are 4.1--yr and 4.3 m respectively. The sample so formed is there~
fore pure by activity soon after bombardment.

~ The first method for separatzon of thallium from gold targets was

chevm‘ical The gold target is dissolved in aqua regia to which has been ad-

.. ded carrier thallium. Gold is precipitated as the metal by the addition of

v .

*

sodiqm bisulphite, and thallium is then prec'ipitated as the iodide by subse~

. quent addition of potassium iodide. Thallous iodide is dried and put in the -

v'olven vﬁth a large excess of potassium metal that serves to reduce the pro-

duct to thallium at several hundred degrees centigrade. The oven is then -

heated to 700° -800 C to produce a beamn of thallium. This chemistry gives

yields of 50%, and can be performed in less than 2 hr, but it was discarded

aftexf several run failures because potassium hydrox;de from partially reacted

p'ota.ésium metal aometimes causes rapid deterioration of source slits. A
A successful and very rapid précédure is to separate thallium from -

 the target by evaporation, for the ratio of tha.llmm and gold vapor pressures

at the melting point of gold is apprommately 10 /1 The evapora.tor system

illustrated in Fig. 2 is a water-cooled collector cup and 2 nearby evapo-ration

" crucible containing the ta.rget‘and ¢arrier thallium. The target is cut into .

~ small pieces and placed in the crucible, the unit pumped down to a pressure

of 10’5, mm Hg, and the crucible Lemperature rapidly raised to the melting

‘,_jpoin: of gold as determined by the sag of 2 gold sample on the cool side of

- the crucible. Transfer takes place almost instantan'leously.- ‘The collector

is then removed from the evaporator and placed in the oven. Typical sepa-

_ ration time is 30 to 45 minutes and typical yield is 75%. -

-
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. spectrometric assignmer_xts? for isotopes 199, 193m. ‘and 198.

' -s‘a half life of approximately 4.1 yr.’
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PROCEDURE AND IDENTIFICATION

C-field measurements and apparatus adjustments'are made from
a cesium beam coming from the thallium oven. This cesium is the product
of decornposxtzon of cesium oxide, which in turn is the product of decom-
position of cesium nitrate at a lower temperature. The decomposition vapor

pressure of cesium over the melt is approximately 10 p at 8()0o C. This

. procedure is used because of the well-known difficulties in the surface-

ionization detection of thallium, and because the quantity of carrier may then

"be adjusted to a value convenient with respect to chemlstry and oven tempera-

'ture.

 Spin measurements are typically made at a C field of 20 gauss.,

Au measurements are, however, checked at lower fields to msure that de -

couplmo is smail. A gpin search is made by collecting on a sulphur surface

.éamples of the beam taken at values of radio-frequency calculated from the

g magneticfield as determined by the frequency of the cesium resonance. Ex-

posures are counted in scintillation counters identical to those described in

Reference 2. Counter background of K-X- -ray detection of the neutron-

, defiaent isotopes is about 3/4 count per minute, and for beta detection of

TIZ(M.-

is about 5 counts per minute,
There is a large body of information regarding the decay modes and
half lives of the neutron-deficient thallium isotopes, 4-12 inclading mass-

1198 o

-been assigned a half life of 1.8 hr, and a decay branching of 40% to the:

ground state and 60% to electron capture. Isofopes 197, 198, 199, and 260

~have been assigned half lives of 2.7, 5.3, 7.2, and 27 hr respectively, and

decay principally by electron capture, Ty 204 decays by beta emission v.nth

13-17. Isotope identification for the néu-»

‘tron-deficient isotopes consists of observing the decay of a sample collected

204

at the appropriate spin position. TI is, by arguments previously given,

. pure by activity when run.
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EXPERIMENTAL RESULTS

A, Neutron-Deficient Isotopes

Thalliuin 199, -198m, and -198'investigati'oris é‘re'ﬁxé.de from bom-

bardments of a 10-mil gold foil, which completely degrades the 48 -Mev

-alpha beam. The decay and decay analysis of the full beam from such a run

is shown in F1g 3. The prominent activities are those of Tll99 T1198m

and Tllgs. The untreated {i.e., nonnormahzed) results of a spm search
are shown in Fig. 4. Only spins 1/2 ‘and 7 show an apprecxable net effect.
It has been shown that the decay of apparatas bgckground sa.nples is sub-
stantially identical to that of the full beam; therefcre'the‘ decay curve's of
Figs. 5 and 6 are the cbserved decay. rate less a quannty pxoportmnal to the

direct beam but equal in magnitude at the time of exposure to the nea.rest

“{in time and frequency) apparatus background No apprecxable effect for

198 is seen in this or any other spin search. The reason for our failure to

fmd this nuclide is not clear. :
No measurable quantity of 'I‘llg7 is found for the bombardment pro-

cedure described above, presumably bécause of a high alpha-4n threshold

or selective loss of this material by evaporation from the targe't That the

latter phenomenon does occur has been shown on other grounds'. There-—
fore this isotope is produced selectively by bombardment of a thin gold foil .
at 2 lower average current than used for other runs. A full beam from such
a bombardment is shown in Fig, 7--most of the activity Vivs indeed due to
71197, The decay of an expusure at spin 1/2 is shown in Fig. 8.

The 1?1/2 state hyperime structure splittings of the neutron-de- '
ficient isotopes are probably too large to be decoupled by the A and B
fields, as shown by prehmmary hlgh f1eld measurements on Tl 99, and the ,
observed absence of appreciable deéouplipg at'lower fields. Therefore
measurements of the nuclear moments of these isotopes will have 'tu await

techniques permitting determinations in the ZP?’/Z state.
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B ' Thailium -204

Untreated results of aispin search in T1204 are shown in Fig. 9.

‘Only spin 2 gwes a large signal. No attempt has been made to obtain the -
_‘vhalf life of this material, but it has been shown that the half hfe 1s more
than 6 months. o '

o A rescnance curve' taken after the initial spin gsearch (F:.g 10) and
ata fteld of 14,237 gauss shows an inordinate shift in the position of the

line and a width far in excess of that ordmanly observed ‘Therefore it was
immedxately suspected that this 1sotope has (as waa later shown) an extreme-
’ ‘-ly small magnetic moment. Resonance curves taken at progresswely larger
fielde are shown in Fig. 11, giving & hyperfine-structure sphttmg of 732 Mec
. with a quo'ted uncertainty of 5 Mc. The correspondmg nuclear. magnetxc
“tnoment is * 0.0894 2 .002 nuclear magnetone, and is too small to permlt

a reliable sign determination by the method of ronsmtency
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FIGURE LEGENDS .
Fig. 1. Typical resonance in natural thallium,
Fig. 2. ‘Evaporation unit used to separate radiothallium {rom gald' targets.
Fig. 3. Decay and decay analysié of direct beam from 10-mil gold target. E
Fig. 4. Results of one s‘pi'n"search:with products of 10-mil target. ;
5 Deéay_ of sample taken at spin 1/2. Thick target.
] 6. "Decay of sample taken at spin 7. Thiék target.
Fig. 7. Decay and decay analysxs of direct beam from thm oold target
Fig. 8. Decay of sample taken at spin 1/2 Thin target. -
9. Results of spin search in '.‘IT},ZO4 _ ' _
Fig. 10, Thalhum 204 resona'xce. The vertxcal line mdtcates the apprommate.
center for large hyperfine structure.
Fig. Il. Thallium-204 hyperfine structure determmatxon at four values of
' C-field. . At the top is indicated a hyperfine structure scale which, ignores
the nuclear'magnétic’ moment term. The effect of this term is in all cases

~ considerably less than a resonance half-width.



RESONANGE HEIGHT (ARBITRARY UNITS) -

o))

SL

S W

T
T

203

R
/?E SONA NCE

| ]

390

400 | 410
FREQUENCY (KILOCYCLES)

Vo,



vi

i
1
i

I o © | COLLECTION CUP
N [ c— ——=— 0400 HOLE
R ;1 - <— EFFUSION CUP
SE  |:‘ S FIL— & [TSGoLdp FolL
S | | |
S .
4 - o . |IT . -y "rl,:
— ) : 'l % - ; . 1 R
S | ll : " , oo ’ ¢
- - - o _ GLASS TO METAL SEAL
< 1l | ||« HiGH voLTAGE
©CWATER IN—>TT )
- WATER Qu‘TZ R | ' FIL. ,VOLTAGEK‘
- EVAPORATOR

*5

A
R .
s
"
v
4
.




4

COUNTS |

"PER
MINUTE -
o,

. 100

10

THALLIUM

L

|

4

RUN No. |, DIRECT BEAM

1000
TIME, MINUTES

1500

2500

6.3
G4 7 0] A



. . : ‘
. . PR
. <
. s
' : . ) . N
. . .
. .
) .
. . { . .
. -~ v . N
. v N
. . .
v . .
« . N . AN
. . | R ¢ . - - \ .
N . H
N
, .
. .
s
. L .
M y ¢
: ' K .
. . . .o
, o . ) . .
) .
¥ .
. oo . v, R
\ . . . m .
. o . . . [ . :
. BN O o
1K - - :
- B Y . . ..
.o : A . . ’ -
“. o N = N N .
o SN el . NAS B .
P , o - oo )
. ; PR . ~ -
[ . .o - P
\ , P P - - R .-
P . . . < . . . S * -
o LS g ‘. R B . . LRy . . . .
- B . . N i N
A . ) - . N ) K ST . o
) . ) . . A N S
. . N . . - -, - R [ < . -
y R . . o ) LT
. . K <
. . X . . i - . L
- L “ ' , ¢ N Y .
R ~ ) . . N . E o
. . .. X ~ N - - L DR
. -7 . S . ) " -
R ; . R i o . L o
. . & . . R - . Lo
. . N b 5 Y - .
. . . P
. b " . J 4
B ° . o . . ; . A - ) .
s - . . . B
i. e : . : S
., LN ’ ) s b . A
. . S C - . L8 T » .
e : - -
e . . R - . .

. v . 1 .
' . : - .-
+ . '
, :
.
. /r/. -
—
‘
~
€ T M . o
<
. : . B -
S % .
. . .
. A N '
. . ——
- m ) " .
. t
. B L
f .
v
oowani O_r_ e
) ' T -_— \Ihl - .
R e n o oL
. . . .. R
. . & . .
N i . ~ - . .
“ . N M ‘
. Gt Y vf . ve - 5 . ‘ )
. : - " Y . v -
M M e
. . . o=
. “ .
- eyl A B B - .
P B - R .
» .- R .
' . oL L. ) . ’ Lo .
o - ! -
[ A TR ) Do
. { . o e
' Vel N . RN A PR .
oot . B B W L .
. B . " MCIE .
- N . . LT . .
eoe T A 4 .
. R . N ST
V. . £ e
. - T . . .
. n N . .
. - . [P
N . N . .
N w o . R
“ . .
) ' .w S L . .
.ot a P .
. LA . BRI L

o
N

.

-

t—\
~

o

J1ANIN ¥3d SINNOD.

o
R
Coe

v

RN

. N .

-

N .

M iy .

g Yo




* as
-2
PRt

EEALN Cain

e

COUNTS. -

PER. -

'IwquEj{-"

S .
N |
!

BON
B .

500

|

f

1000

TIME, MINUTES

1500

2000

L~



COUNTS -

- PER . 6~

. MINUTE

W

THALLIUM.

 RUN No. 2, I

(/)
=0
0

| L

_ O.'.O. ,

500

| 1000
TIME, MINUTES

AFT A F

. 2000



 COUNTS

“PER .
MINUTE

THALLIUM

RUN ‘No. 3, DIRECT BEAM

L

1000
TIME, MINUTES

1500

L .

f/6. 7



’

.yt
2

o

'
RN

<
Ly
Ll
Pl
L O
R
- el
- : .
. o .
.




-

e S L A S S

P e

-

ol

Gl

3LNNIN  ¥3d SLNAOD

el



COUNTS

" PER

MINUTE

'GOL

40

THALLIUM

1 ]

2.60 265

- 2.70

FREQUENCY, MEGACYCLES

"RUN No. 5, I =2

- 2.75

2.80

L S0



139 — 4

uss

GA

"

N\
«

65.

-






