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RADIOACTIVE ISOTOPES OF THE RARE EARTIHS -
. III. Terbium Isotopes
Geoffréy Wilkinson and Harry G. Hicks .
Radiation Laboratory and Department of Chenistry
University of California, Berkeley, California

August 18, 1949
ABSTRACT

- A sfudy has’ been made of neutron deficient radioactive isotopes
‘of terbium produced by q-particle bombardment of europium and by proton
bombardment of gadolinium using the 60=inch Crocker Laboratory cyclotron.

Five new isotopes have been characterized,
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‘RADIOACTIVE TSOTOPES OF THE RARE EARTHS

[ g

IfI Terbiun Isotopes
son; and. Harry G, Hicks, '

oy and: Departmerit. @f*@hemlatmy
University. of Gallfornlaﬁ Berkeley,

I, Introduction

California. .

The experlmental techniques used in bombardments, chem:cai separatlonb and

(1) G, Wilkinson, H, G. Hicks, Phys. Rev. 75, 1370 (1949).

terbium activities, europium was bémbarded With a=particles
19 MGVQVWﬁiie gadolinium was bombarded with 10 Mev protons;’

served were shown to be assoc¢ated with terblum by chemical

exchange column.

II.

Terbium Isotopes

mwfad;eav$&41ty~measurements<have .been. previously. described. (1 3» In ﬁhe study of

of energy 38, 31 and -
the radiocactivities ob=

separation using an ion

Table I, Production and Characteristiss of Terbium Isofopes

.. Type of Energy of Radlatlon in Mev .. Produced
.- Isotope--Radiation .. Hali’ng fovec o Rarticles oo .. Yora¥s. by
T3 Ko, 5 1%0.1 days 0,15 LK x-rays B Leg-2n
- S 4 ~ 0.3 0:23,102. o
THL4 KoY 17,2io°2,hours 0,13~0,8(e™) LK x=rays . . Gd=p-n
BT (~0.5%) ' 2.6(8") 103 ﬁ Bul5l-g=n
- ’ : - Bul53q-=3n
T? KeT,Y,. 190 L5 days 0.1(e") L, x-rays - Euld3q-2n
- ' ' 1L, A '
TS0 K BY(<25%)  5.050.1 hours 1.3 LX xerays  Bulb3.qen
— v Gd=p-n
o157 K,e™,Y 4o750.1 days 0.09,0,2 LK x-rays Gdep-n

1.4

The nroductlon and propeﬂﬁles of fhe terb¢um 1sctopep are given in: Table I

hns e e v s 3ot 4 s 4 At S st e

In the bombardment of europium. with ampartlclepg four act1v1tles of half=11Ves 5 1 days,
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17 hours, i"9o"d$;;i‘5f5;{_§’i’é B hours Wers observed; From the yields in bombardndnts using

aaparticles of energies 38 31 and 19 Mev, allocation wﬁs made to masses 153, 154; 155

and 156 respect:LVelyn In the bombardment of gadollnlum with 10 Mev protons, the 17 hour,
« 190 day and 5.0 hour act1v1t1es were again Observed, together Wlth a new act1v1ty of half-

iife 4.7 days which can be allocated to mass 157 or 158, and the well known( 2) 3.9 hour

and 73.5 day Tbléo activities . No evidence has, as yet been observéd for an additional -

(4) -G5~Ts- Seaborg, I, Perlman, Revs.- Mod. ths,-zo 585 (1948)

- ges oy i ] [ . . S T e e e
Laadid ,N_J‘.: 3-“4.,., S . R - LT

a0t0ps. of mass. 15707 158 which should be formed in proton bombardnent of gadolintum;
ﬁhismisotepegisaundpubtedlygqulongmlifemand;theapresence,of the,lpngalived‘Tb155iaﬁd
. TH60 activities makes the recognition.of'a'further long lived activity by simple measure-
ments a difficult task.

5.1 £ 0.1 day TIP3

The decay of this activity, which was found in high yields in 38 and 31 Mev a;

particle bombardménts of eurépium was fpllowed through ten half=-lives (Fig. I) to give a
value of 5,1 & 0,1 days for the half-life. Resolutich of alummumS beryillum and lead
dbsorptlon daua (F:Lgs° II III) show the radlatlcns to con31st of electrons, total -
ranges in. alumwnum 32 mg/bm (O 15 Mev)s and r\/9O mg/ém C«JO 3 Mev), . and electromagnetlc
radiations of half thickness 7 mg/bmg aluminum (6.3 Kev), 60 mg/bm lead (46 Kev), 570 - .
mg/ém '1ead~§0523vMev)-and;llaéwg/bmz lead (1.2 Mev)> The two soft cbmponentS‘Qf the
electromagnetic radiation correspond to L and K x=radiation of gadeiiniumo The ratios -
of the various radiations corrected for eeﬁnting effi¢ieneies(l); ete, ares

0,17 Mev e72nv/0,3 Mev ™3 L x~-rayss K Xaréysz 0;23 Mev Y fays i,z Me§ Y ray
= 0.02 s 0.00L ¢ 0.2 1 0.1 | $ 0,02 - _
The soft electton most likely results. from conversion of thefooéz Mev ¥ ray in the K
shell of the daughter nucleus following decay by orbitai electron capture, Nolpositrons "
wereﬁgbﬁgtvgd,?nﬁa{si@plgvﬁgﬁgxrgyispe@ﬁqueﬁer, .;n the qaiculation_of yields of the 5.1

day -activity; one K x-ray ‘quantum has been assumed to-represent one disintegration,

v e

.y
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17,2 = 0,2 hour Toto4

In all bombardments of europium with ampa?tieles 8 17 hcur.positron emittiﬂg
aﬁ@ig;ﬁyaWQSwobserved" +this was: aibo found (o iow ylelds in the pro%on bombardments of A
gadolinium, The decay of the pobltwve el@"bronﬁ was followea ﬁhrou h 8o 4 pevmodb on ‘a |
simple beta ray spe@trOgIaph 0 give a half-1ife of 17 2 L 0.2 hour=° -the decay of
gross and electromagnetic radiations of terbium sanbles give a 31m11ar value (Flgo IV)
Resolution of decay and aiumlnum absorption data (Fig. V) shows electrons oi ranges
28~mg/em2(@;&ijev) - and 300 mg/en® (0.8 Hev), soft- eieotyanavnetie radiation of
half thickness 7 mg/@m \6 3 Kev) and hard eleo%ramagnetlo radiation., A positive electron
of maximum energy ~u 2,6 Mev was found on the beta ray speVTrograph as well as two
groups of negative electrons correspondlng to thosa measured in alumlnum absorptlons,
the ratio of negative to positive electrons was obtalned by 1ntegrat1ng the dlstrlbutlon 
curves on the beta ray spectrograph. Lead abserpticn'measﬁrements (Fiéo VI) shows |
components of half thicknesses 60 mg/@mg (46 Kev) and~12°2 gi/(zm"2 (103 Mev)s the positrdésv
are in such-low abundance that né annihilation radiation wguld be obsérved in‘absorpmv
tion measurements. From the various measurements thé following rafias;ﬁefe Sbtaineds

0,13 M?V e 0,8 Mev e~ 2.6 Mev B¥: L x-rays: K x-rayss ¥ rays, -

T 0.1 TE 0,02 8 0,004 s 0.3 s 1T s 0,03

It seems reasonab1§>to conclude that the isotope decays at least 98% by orbital elechtron
capture to two or more metastable or excited states of the Jdaughter nucleus,

As has been éoinﬁediout(B)g it is possible that the hard negative electron may

(3)  G. Wilkinson, UCRL-289, Feb, 14, 1949,

be a negative bet:arpa'm.i‘::‘i.c:le,9 indicating decay to an unreported beta stable isotope Dylljz*o
For estimation of yields of the 17 hour activity in various ‘bombardmentsq 0.9 K x=ray.

quanta have been assumed to represent one disintegration by orbltal electron capture.:

190 day 15155

g bombardments, a long lived activity

After deeay of the SQL day arﬁ1v1ty in Eu +
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(Fig. I) was observed; the best value for the half life at present is i90 s days. ¥
Aluminum and beryllium absorption data (Fig. VI) showed electrons of total range 1/ mg/em?
(Ooi Mev)g‘andieléeﬁrpmagnetie‘radiation half thickness 7 mg/émg (6.3 Kev)3 1lead absorp-
tion measufementsﬁ(Figg V1) shéwed two components of half thicknesses 60 mg/@mz (46 Kev)
and 1207 g/cmzt(iod Mev). The two soft quantum radiations correspond to gadelinium L and
K x-radiation. The ratios of the radiations obtained weres

0.1 Mev €73 L x~rays:z K x-rayss 1.4 Mev Y-ray

T 'sO°Z“ g 0.2 g j'f g O°3

0

5,0 £ 0,1 hour THL56

In bombardments ,of -europium with 19 Mev a-particles, an activity of half-life
5,0 £ 0,1 hours measured.through nine haif=-lives, was obseryed in high yield.
The‘algminug”abgorptiqn (Fig, VII) showed only a hard eleetron range A/600 mg/cm2
(~1.3 Mev) seft electromagne%ie radiation 7 mg/émg half thickness (6.3 Kev) and har& '
quantum radiation bgckground; On a simble beta ray spe@trographs no négatiye electrons
were observed, but only positrons of maximum energy ~~1.4 Mev, which decéyed with the
500 hour half-<life. Insufficient actiVity was obtained for measurement of a leéd absorp=
tion_curve of gamma rays. Assuming 0.5% averége counting efficiency for gamma radiation,

the ratios of the radiations obtained from aluminum absorptions givess

Y

o0

1.3 Mev B's L x-rays: K xeray and Y-ray radiation
~0,2 5~ 0,13 1 :
- The isotope thus appears to decay mainly by orbital electron-capture with less
thanIZS% positfon branching. |

Lo £ 0.1 day TBL57,8

In the decay.of the chemically separated terbium fraciion from 10 Mev proton
bombardments of gadoliﬁiumg an activity of half=1ife 4.7 P 001 days measured through
seven half lives has been_observedo(Figo VIIT) The radiation characteristics obtained

by resolution of aluminﬁm and lead absorption curves (Fig. IX) are quite different from

those of ‘the 5.1 day activity described above. The latter has been allocated to o203
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n the basis of ylelds in the a=partlcle bombardmcnt cf europmn:y9 and hence would not be
present 1n the ﬁerblum fractlon from proton bombarded gadollmumn The aLumlnum absorptlon

data shows eLectrons total TanﬂGI’\/Ll mg/om (ruO 09 Mev) 40 mg/ém (b,zlz;Ma%)

4.»

and quantum radlatlon half thlekness 7.5 mg/bm ° Lead absorptlon data showq oomponents
of half thlcknessesaxéO mg/czm2 (r\/46 Kev) and/»/¢2 7 g/cm2 (1.4 Mev) the soft component

" was in very low abundance and may be a mixture of K eradlatlon and unoonverted gamma -
radiatioﬁ; The ratlo of the various radlatlons obtalned were o |

13000 Hev e™ 002 Mev ez L x@rayso K x~rayss 1. 4 Mev Y ray - -

26

0.2 0.1- & 0.4 3 1 . 0.3

I11..  Discussion
The mass allocations of the four activities oébserved in theoarpartiele.bbmbardm
ment of europium have been made on the basis of yields at bombarding energies of 38,:31: -
and 19 Mevy this procedure has been used previously for thuiium<1>5 rhenium and’

tantalum<4) asctivities. No evidence has been obtained for Tbi52 which would be formed

(4) G. Wilkinson, H. G. Hicks (to be published).

by ¢g3n reaction on Eu;Elg and an upper 1imit of about 20 minutes can be placed for the

, &
half-life, While the 86 day Gd' -

activity has been observed in the column separated

- gadolinium fractions from Eu # g bombardments, the formation of this isotope from tha 5.1
day terbium allocated ﬁo mass 153 has not been confirmed since sufficient activity was
not available. In proton bombardments of gadolinium, the 17 hour activity was observed
only in very low yield, agreeing with its allocation to TblsA; the_SoO hour pbsiﬁren
emitting activity, the 4.7 day activity and the beta particle emitting 3.9 hour and

73,5 day activities were observed in high yields as would bée expeeﬁed from the abundances

of the gadolinium isotopes. Since the present work on the 4.7 day activity allocated

to mass 157 or mass 158 was completed, Butement(S) has reported a 5,9 day activity

(5) D. S. Butement Phys, Rev. 75, 1276 (1949).
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produced in the proton bonbardment of gad0¢1n1um9 and has allocated thlS—tO masses 156»7
or 8; The radlatlon charactermstlcs agree with thoge reported here for the 4 7 day.
activity. ’ |

| As has been_pointed out above, the existence of at least one further long lived
isotope of terbium gﬁ mass 157 or 158 is possible; also, since the half-life of the 5.0

hour Tb156

seems rather short;, a long lived orbital electron capture isomer may exist,
“but no dlfference in the decays of the long lived activities from the various Euta
bombardments has been noted yet and all are decaying with the 190 day act1v1ty allocated

to mass 155 on the basis of reaction yields.
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LEGENDS FOR FIGURES

Decay of 5.1 day Tb153 (B) and 190 day b5 activities from Eu + 38 Mev a

bombardment,

Alpminum absorptipn Qf 5.1 day Tb153 activity ffom.gu + 38\Mev g bombardment.
K x-ray and Ymra§s (A), ~0,3 Mev electron (B), 0415 Mev electron (C),

L x-rays (D). _

Lead absorption of 5.1 day TH-53 activity. 1.2 Mev T-ray (1), 0.23 Mev

Y-ray (B), K x-rays (C).

Decay of electromagnetic radistions of 5.0 hour Tb156 (G), 17.2 hour Tb1% (B)

andAﬁ.l_day'Tb153(A) activities from Bu + 33 Mev g bombardment.

Aluminum and lead absorptions of 17,2 hour Tblo4 activity.

Aluminum- absorptions K x~ray and Y-rays (4), 0.8 Mev electrons (B), 0.13 Mev

ele¢ﬁr9ns_(9),'L x-rays (D),

Lead:absorptionz 1.3 Mev Y=ray (A), K x-rays (B).
'Aluﬁinumvapd lead absorptions of 190 day Thi55 activity.

“Aluminum gbsorptions K x-ray and Y-ray background (A), 0.1 Mev electron (B),

L x-rays (C).

.;LeaQ:absorptiong 1.4 Mev Y-ray (&), K x-rays (B).

Aluninun absorption of 5.0 hour TbL%° activity from Eu + 19 Mev g bombardment.

K x-ray and Y-ray background (A), 1.3 Mev positron (B), L x-rays (C).
Decay of 4.7 day To'> /2% (B) and 73.5 day To!60 (&) aetivities from Gd + B
bombardment.

Aluminum. and lead absorptions of 4.7 day Tb activity.

‘Aluminum absorptions K x-ray and Yeray background (A}, 0.2 Mev electron (B),
0.09 Nev electron (C), L x-rays (D)

~ Lead absorptions 1./ Mev Y-ray (A)9 K x=rays (B).
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