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Radiocactive Isotopes of the Rare Earth Elemsnts

TR & ITII Lutecium Isotopes and Hafnium Isqtopég.!

Geoffrey Wilkinson snd Harry G. H:Lcks o A
Radiation Iaboratory and Department of Chemistry
University of California, Berkeley, California

ABSTRACT

A study has been made of radicactive isotopes of’ latecium ar;'d_hai‘h_i.um; produced
by bombardments of thuliuvm and ytberbium with 38, 31, and 19 Mev.'d.-pa_i'tiéles; of

lutecium and hafnium with 19 Mev deuterons, and of tantalum with 190 lMev deuterons. )
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-Radioaetivé Isotopes of the ‘Ib.re Earth Elements

III Luteclum Isotopes and Hafmum Isotopes

Geoffrey Wilkinson and Harry Go H:Lcks :
Radiation Laboratory and Department of Chemistry

University of California, Berkeley, California

I, Introduction

The técshn:‘i.ques of bombardments, chemical separations, méasurémeﬁt of rédio-

activities, etec.s used have-v‘been described previously(l). These have now been applied

(1) G. Wilkinson, H. G. Hicks, FPhys. Reve 75, 1370 (1949).

to a s’cudy. of radicactive isotopes of -lutecium, and, si‘x»xce"l_ﬁhev inté‘.fpre;ca;tiéﬁvof .
data hasS depended upon the characteriéation of lutecium daughbers of hafniwn‘pa.rexits ,A
also of‘radioae’(;i‘vé isotopeé of hafnium. The present knowiédge of radioactive .
is’oi‘:‘op‘es. of these elements is given in Table I.

Using the 60-ineh Crocker Laboratory eyclotron, bombaréménts ‘have been made of
thulium with various energies. of ﬁelium ions,; of y‘bterbiuxﬁ with 10 Mev protoﬁs, |

and of lutecium with 19 Mbv deuterons and fast neutrons from a Be + d.source. Ytterﬁi’im

" has also been bombarded with 38 and 19 Mev a=particles, and lutecium activities

produced by growth in the chemically separated hafnium fraction isolated and studiede

A Lutecium aetivities were also produced in ‘the bomba.rdment of hafnium w1th 19 Mev

deuberons and in the 50mbardment of ’aanta.lum with 200 Mev deuterons from the 184~inch
ch].Otmno LE

Afiﬁﬁr"bombardments, the rare earth §xi&es were dissélved iﬁ.boiling’ nitriec acid,
and the i::;re eafth purified by;epéated fluorideéhydroxide precipitation cycle’s;
Thé individual rare earths were then separated by ‘the ion exchange resin column
method, The hafmium oxide was dissolved by fusion with pobassiwm bisulphate. The
cold melt was dissolved in water én’d 'the_ hydrdﬁéiae'recovéred .by ammonia ‘pr‘e'cipita‘tién'. :
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After addition of carriers the rare earth fraction was separated by fluoride preci-
pitation. Hafnium was recovered by precipitation of barium hafium fluoride. (2)

AapSae s SO e

(R

(2) G. Wilkinson, H. G. Hicks, Phys. Rev. 75, 696 (1949).

Table I

Radioactive Isotopes of Lu'beciux_ﬁ end Hafnium

Type of Energy of Radiation in lev Produced
Isotope Radiation Half-Life Particles Y-rays by
Lut70 Koo ,Y 2.1 £ 0.1 days 7 0.1 LK x-rays = Tm-o-3n
Lo : : : e : ~ 2.5 Ta-d-3213a
Ko T,T X 0.2 days 0.17,"0,5 L,Kx-rays  Tm-a~2n
s U ' - Ta-q=3212a
172, -, o+
Lu K,e .Y - 500 = 20 days ~0,1,~0.16 - L,Kx-rays Ta-a-n
. ' ' Ta#]-_‘}él’;zlla'
. Hf K decay
mt’? g 4.0 ¥ 0.1 hours 1.2 - -1
: : - , — L Yb-p-n-
w!™ K 20%) 5.40 % 0.05 days 1.8 Ex-rays YT‘é‘:;‘;__ |
, - ' Hfl K decay
173 - T N nrl g decay‘
In K,e Y 6.7 = 0.1 days 0,13,~0.6 LyKx~-rays b
. . - . . ~p-1
Lul'm o K;e;,‘f 160t days 0.16(e" ) L,Kx~-rays Lu-n-2n
B-(~25%) 0.6(p7) Hif-d-a
' ST T REs, . , Lu-d-p2n
aet7%% g eT¥7 22,0 % 0.5 hours: - 0.12 L,Kx-rays  Yb-a-2n,3n
: ' 0.22 :
Hfl?3 Ko ,¥? ~5 years - Noe LyKx=rays To-6-n,2n,3n

Ta-d-2210a

II. Lutecium Isotopes
The bomba'r.dine.nt' of thulium with a-particles of various energies enabled the
characterization of five radioactive isotopes of lutecium to be made. These were

Aisgﬁopes _of half livgs 4.0 hqurs_, 2.1 days, 3.4 days, 8.5 days and 500 days. From

-
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short bdﬁbardmeﬁts at 38 Mév, the 2.1 day and 8.5 day activities were readily resoived;
In longer bomga?dments at 38 Mev, the 4.0 hour and 5.4 day activities were seen in
low yields and wére i"'ecégni'ze"d from i:he_ii' positron emission using & simple beta ray -
spectrdgréphg aithc&gh the'4.01hour éctf&?ty'was observed in decay of electron and
electromagnetic radiation, the ‘5.4 day activity was xﬁasked by the 8.5 day activities
v possible though dlfflcult' with 19 Mev a-partioles, the 4.0 hour and 3.4 day
luteclum activitles were: readlly resolvable although the 8.5 day act1v1ty weas present
in 1\91{[_3{1;@_1%“ The 500 day activity was found in all samples. _ From the yields in
bomba:dmgqts #q@fgggm,other considerations discussed subsequently, the 2.1 day 3?§.
. 8.5 day a.cti_w_r'i_ties are gii_ocated to mssés 170 and 171_,_,' while 7the 4.0 hour,._5.4 dza;yl :
and 500 day activities are all allocated %o mass 172 |

The resoiution qf decgyjand>absorption curves of the luteciﬁm activities prodﬁcéd}
in prpﬁbn'bbmbardments.of.ytterbiuyvﬁgsiproved very difficult; the 4.0 hour and 3.4
,‘ddy gctivities #ere reongized only ﬁhrohgh their positron emi§§ipﬁs.> Thé 2.1 day
activity was not apparent, as __w_ould be ex'pected" from its allocation to mass 171, _since
§£%71 has an abundanéé of only 4.21%. The decay and absorption curves of the longer

lived activities were almost 1mposs1ble to resolve; these are now known to cons:st

of the 8.5 day and 500 day sotivities tcgether with activities of half-llves 6.7 days
and 160 days allocatad,respeotlvely to masses 173 and 174. |

Fast neutfqnvand deuteron bombardments of lutecium have led to the estahlishment:
of a 160 day Lq174 activity decaying by both orbital electron capture and negative
mmpuﬂdemmﬁm. |

The production of.hafnium.activitigs by a~particle bombardments of yttgfbﬁum;
and from spallation,reactions:of 200 Mbv\dguyerons in taﬁtalum has allowed the iso-
lation of 3.4 day ;nd 6.7 day lutedium daughter aotivities; And:has allowed the

o . : .
radiation characteristics o£ these activities to be determined much more readily than

by resolution of complex décay and absorption curves from Im + a and Yb + p bomba?dments;
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3,75 hour Lu’'® 6,70 day Lu>''

In bombardments of luteclum vnth ~meutrons, and,deuterons, Pand ‘in the. bombardmen'l: L

-=’.’,. \ . r, - ,, _v,,'.,x*.

(3) G. To Seaborg, I. Perlman, Rev. Mod. Phys, 20, 585 (1948).

have been obser;ved: Measurement of the beta activities from deu‘beron bomba rdments
of lutecium allowed unequivocal allocation of the 3.75 howr and 6.70 day activities
to masses 176 and 177 on the basis of cross sections for the d,p react:.ono_ For
natural lutecium the cross sections for the 3.75 and 6. ‘7 day actlv:.tles were respeetlvely
4.3 x 10 e.nd. 0.1 x 10~ bar’nsg whlch give 1sotop1c ecross sections for <_i_}_>_ reactions
in 10175 ang 16176 of 4.4 x 1072 and 4.0 x 10~ barns respectively.
_The half lives of the ﬁwo activities aé measured were 3.75 Y 0.‘(55"hoiirs 'mféugh
nine half-lives and 6.70 ¥ 0.05 days through ten half-lives. The radiation characteristics
obtained agree with those obsez;ved by o’éher Wofkers'e" |

160 day L'+

A long-lived activity has been found in the ‘fon exchange column separated
‘lutecium fractions from lutecium bombarded with;lg' Mev deuterons, and With fast neutrons
from both cyclotron and pile bombardmentss it has also been found. together with the

6.70 day Lul'' in the lutecium fraction from hafnium bombarded with 19 Mev deuterons.

Allocation can be therefore made to Lu~ - on the basis of formation by Lu-n-2n, Lu-d-p2n

and Hf-d-a reactions. The cross seetion for thed,p2n reaction i'n luteciun Of.app“‘roxi-
A

mately 5 x.. 10"’4 b rns was calculated from ratios of the beta acturlties of the 6. 70
day »I'.'u176 fomed ‘by Lulmsad—:p react:.on and the 160 day u 174’:' The hal‘f 11fe measured
through three periods is 160 £ 5 days, Absorption measureménts (Fig. I) show electrons
ranges 30 mg/cm (0.16 Mev) and ~180 mg/cm (~0.6 Mev) aluminim, with electromagnetic

'radlatlons of half thicknessés 14 mg/cm aluminum (8 Kev) and 100 mg/cm lead (55 Kev),

N
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harder gamma radiation in low intensity was found in the samples to an éxtent of aboub
10% of the: K x-radiation. The ratios of the various radiations obtained making

(1)

previously discussed assumptions regarding counting effic‘iéné‘ies eﬁc‘., Wef'e,' '
i 0616 Mév'em 3 606 Mev e : L x-rays : K x-rays : Y-rays

.’VO_o? T2 ™02 g 1.8 1 e ~0.1

From the energy,, and type gf absorption curve, it seems that f;he harder electron
is a negstive "be’ta-—partiele; The L and Kx—radiation seoms to be too _abuqdant for
.any‘seheme of disintegration by iéqmeric #ransitid:is A_a‘.n‘d the isotope thus probably
é.‘ecays by both beta-emission and by orbital ele.qtrq;lrvcaptq.re, thé latter 'vacc-dg_ﬁ'@_ﬁ.ng _
for possibly 75% of the d;isintegra‘tions,‘ | | o |

2,1 £ 0.1 day Lu*'0

In the bombardment of thulium with 38 Mev a-particles only, an activity of 2.1
days half=life was observed (Fig. II). The decay of electron and electromagnetic» |
radiations-were|followed separately through ﬁa.boﬁ‘b eight periods to give a valﬁé of
2;1 0. days for the half-life. The radiation chai'acteristic.s obtaiﬁed from resolu- .
tion of fdecays and beryllium, aluminum and lead absorption‘ measureménté (Figs TII)-
consist of electrons, total range 14 mg/cm2 aluminum (0.1 Mev) with ele'c’cromgr;eﬁic
radiation of half-thicknesses 14 mg/cmz_ eluminum (8 Kev),~95 mg'/cmz Tead .(QSZ_Kev)'
and ~1-6e5 g/cmzv_lead (NZo‘SVIv.'Iev). No Positrons’associated with the 2.1 da:e, -acjt.';"i."w;*ity
- were obsérved on a simple beta ray spectfograph. The'approx_imate rafios of the
various ‘radiatic;g@;i‘;cgr»n@cted for counting efficiencies, etec. as discussed previbusly,
were 0ol Mev s~ : L x-rays : K x-rays : ~2.5 Mev Y‘ra‘y |
,'Wo3 g ™Mz 2 1 °~/l

8,5 % 0.2 day !t

In bombardmentd of thulium with 38 and 31 Ibv a-particles an activity of half-life
8.5 ¥ 0.2 day, measurcd through seven half liVes,,' was observed (Fige III). The' variation

of yield Witﬁ,bambarding energy allows fairly certain allocation to ma;ss.I7l,v'and production
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of the activity by Tm-o-2n reacfion. The radiation characteristics obtained by
resolutlon of decay and absorptlon curves (Fig. IV), consist of electrons total ranges
35 mg/bm. (0017 Mbv) and »-\1150”i /bm (AJO 5 Mbv), wxuh electromagnetlc radiation of
half thicknesses~l4 mg/bm aluminum (8 Kev) and ~100 mg/bm lead (55 Kev). No positrons’

were observed in the radiations. The ratios of the various radiations were

0.17 lev e~ : 0.5 Mev e : L x-rays : K x-rays

. V0,05 ~ 0,005 ~0.1 1

8o
ae
o

500 £ 20 day Lul’?

In all bombardments, but in particularly high yield invbombardment of thulium with
19 Mev a-particles, a ﬁery.loﬁg lived activity was observed after decay of shortef
lived activitié8° allocation of this activity to mass 172 is discussed subsequently.
The . rad1at1onq (Fig. V) comprise electrons, total ranges~14 mg/ém (~r0.1 Mev)
and ~30 mg/bm (~0.16 Mov), with the usual L and K x-radiation.

The activity,.the best half life for w?ich at present is 500 I days, has been
also“fgund'in lutecium fractions from bombardment of tantalum with 200 Mev deuterons;
the radiation characteristics were identical in all respects with those obtained for
the activity from Tm + @ bombardments..

v T L 440 S 0.1 hour Lu17z

In bombardments of thulium with a-particles of energies 38, 31,‘and 19 Mev, &
positron emitting activity .of ‘4 hours half-life has been observed. The absorption
charaéteristics and decays: in all cases were the same. Figo VI shows the decay from
a 19 lev bomba?dment; the half-life measured through eight periods is 4.0 0.1 houré.
The aluminum absorption corrected for decay during time of measurement, and for the -
small contribution fronm 1onger=1i%ed'ac%ivity is shown in Fig. VI. The hard radiation,
range 500 mg/%m?=a1uminum (1.2 Mov) was shown on a simple beta ray spectrograph to
consist of positrons. WNo negative electrons wers observed.

Sufficient activity was.not available for measurement of a lead absorption, but

from the aluminum absorption curve, assuming 0.5% counting efficiency for the hard
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eleetromgnetie radiatien backéround, the ratio of ‘yl:aqs,it-ror:le,} toY euanta_is lv:2:. It
seems probable therefore that the 4‘hour activii';y decais mainly by positron emissioﬁ
and that the Y-radiation is annlhllatlon radlatlon. B o
The activity has been allocated to mass 172 on the basis of ylelds at the thres '
energies of” a-particles _used, and its formation by 3‘:.’.9.'.‘.’3 eeacfbion seems cerﬁain. The
crose, sections at 58, 31 and 19-Mev f‘or the 4 houf activity :av‘rp_e given \su,bse_quegtly.'
340-005dayLu1.2_. |

In 19 Mevva-partlcle bombardmen'l;s of thullum, an, actlv:rl:y of 3.4 days half-llfe
was observed;’ in bpmbardmente at higher energies ﬂqle._ac’e;wty>y(as masked by t_h_e 875
day activity which was forned in mdch higher yields. The activ'lty ]_r_l'as‘. fblei:env obtained
free from all but the 500 day isotope, xvhieh was presez_;t»in very . 1ow‘yi_e;d,‘ by chemioal
separation of lukecium daughter activities in the h_af,niumhfract.ion f_‘remu‘p’exyx‘eardment _
of yt*berbiﬁm with a—particles. The radiation chara.cteristics (Fig. VII) of the \
activity from both sourdes are the same, and cons:Lst of pos1trons rang,e N850 mg/cm
- (1.8 Mev) w:Lth electromagnetic radlatlon baekground oi‘ 1n1t1al half thlckness ‘
As2400 mg/cm alummum (/53 Kev) sugges‘bmg presence. of K x-radla'blon of ytterblum
or 11,14#?0;_1Mo A lead absorptlon of electromagnetlc rad:.a'blon was not mde due 1:0 B
lack of. Suffivclent act1v1ty. The ratlo of pos:.-bron ’co electromagnetlc rad:.atlons 11'1;
many samples of the 3. 4 day actlnty milked from hafnium was constant and assum:mg
T 0.5% counting efficiency for the electromgneta.c.-radiat;pn was 0.17. Thls suggests
_ that the isotope decays by both positron emissio_n an’d*_erbital electron capture, the
former to the extent of about bwenty percent. , o

In the Tm + o bombardments the decay of tiﬁ.e 3.4 day activity (F:Lg. VIII) was
followed through about six half-llves, and the decays of samples of 1-he separated
lutec:.um daughter activity were followe_‘d_ throu gvla_e']:eyez;i hal{f-l__,lve,s.,‘ to give a.
value of 3 40 £ 0.05 days for the half-llfe. S e o .

| In the bom‘bardment of ytterbmm w:Lth protons, the separated luteclum fractmn

T i .

studied on a Slmple beta ray spectrograph shows the piesence of pos:L’crons decay:mg
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- with a 3.4 day half-life. The ‘3.4 day activity could not be resolved in gross decays
Adue to the presence of other actln‘\ues. o

AR e i e L 0.1asy Lu”"’,

The decays of column separated 1ute<=1um frach.ons from 10 Mev proton bombardments

of ytherbimn ha.d 3 half-hfe of about seven days notlceably less than the half-life

of the 8. 5 day Inl L

me‘l'and 17 have similar abundances, lutecium activities of these masses would

act:.v:Lty_ produced by a—par‘blcle bombardment of_thullum. S1noe

be very'difficult $o resolve ‘if' ’che half-lives were similar, and the resolution
of *E'he‘s.epara.ted lutecium fractions is indeed virtually“in‘zpessible by methods using
decay and absorpt:.on measurements. |

FrOm a long bom’bardmen‘b of tantalum with 200 Mev: deuterons a hafm.um actlv:u.’cy
of about flve years half-life has been isolated. This aot:nnty has been found to
grow a lu'beclum daugh‘ber of half-life 6. 7 o days followed through ten half-lives
(Flg. X). The § year haf‘m.um has been observed in present a—partlcle bombardments-
of ytterblum only in very low ylelds. " The radiatien characteristics of the 6.7 day
actlv:.ty (Fmg. IX) comprise electrons total rangesNZS mg/cm (~0.13 ¥ov) and
A7200 mg/cm (/0.6 Mev), electromagnetic’ radiations of half thickhess 14 mg/cm
aluminum (8 bKev) s j:o:ge’cher wifh harder K x-ray or Y-ray radiation. Assuming a counting
effieiency of bo;s%:for the hard eiecfromgnetie radiation, the ratios of the various -
_radiatibns are approximtely |

| | | 0.13 Mev e™: 0.6 Meve : L x-rays : K+ ¥ rays

~0.1 s ~0.007 a0, 0 1

o

111, Hafnium Isotopes -
| 171

5 Year Hf

In the hafuium fractions from both d-particle bombardments of ybterbium and
200 Mev deuteron bombardments of tantalum, a 'very lojng; lived activity remains after
decay of shofter lived isotopes. Sufficient ac’c:.v:.ty has not been available for ~

‘measuremen'h of lead a.bsorptlon of ga:mna radzatlon, but the absorpt:.on ‘of softer

L. FE 1 O
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components in beryllium and aluminum has been measured (Fig. XI) showing the presence
of eléctromagne-’bic« radiation only, eorresponding to L and K x-radiation. From both
chemic;al 'sepé.ija’cions and activity measurements (Fig. X), the hafnium activity has
been éhéwn ‘l‘,_oh'g'rcvsf ~ox.:lvl.y the .6.7 day iu’cecium a’étivitiy allocated to mss 171e

22.0.% 0.5 nour T2 OF 178

The ha.fnlum fraction from both 38 arnd 19 Mev a~particle bombardments of
ytterbium decays initially with a 22.0 hour half-life. Chemical separatiom of
lutecium fromvl;afnim‘n__dﬁfing.this time showed n§ evidense for the formation of any
dgugh_‘l?'er activity. The 22.0 hour isotope cquld possibiﬁ.y be a parent of the 500 d.ay
lutecium aetivit'y ‘but.no. é';ridenée for such a relationship could be cbbained with the
intensities a%zailvajbleo .The decay._ foilowed through eight periods gave 22,0 o
hours for the half==1ife§ afbsdrption measurements (Fig. XII) show electr’oﬁs total
ranges 20 and 55 mg/cmz (0.12 Mev an_a .0022-Mev) with electromagnetic radiations
half thickness «/1,5 mg/czﬁ2 (8 Kev) and harder components. |

>50 day HES'2

‘Indirée't evidence only has been obtained for the existense of this isotopee
Chemical séparation of lutecium from the hafnium fractions from a-particle bombard-

ments of ytterbium show the growth of the 3.4 day lutecium activity from a hafnium
' 175 '

\

pa‘réni.:_‘_l of long‘iife, The presence of the 67 day Hf '° in high yields im all
bombar‘dmen"cs would .n'ask the decé,y of an isotope of similar half=life, and it proved
iﬁpossible to resolve ﬁhe decay é\nd absorption data for t‘he'hafnim fra.ctiéns to
show the parent of the 3.4 day lutecium activitye

a | o Discussion

In Table II are giveri the yields of the various lubecium isdﬁopes formed in

the a-particle ‘bombardments of thulium; the yield of the most abundant activity.

at a given boxﬁbarding energy is i:'aken as uniby.
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Table II
LT A ’-Probable €
A , T . , |
cﬁljlty 38 Mey 31 Nev 19 Mev | Réaetion
2.1 days . 0.5 e el
8.5 days 1 1 <o.01 a2n
500 0.3 - 1 1 -
4.0 hours. 0.01 0.02 - N oo,02 ‘@
3.4 days | - ——— ©0.03 @

While the allocabion of the 2.1 day sctivity to Lul'* is fairly certain, the
cross sestion for production of the is§topes aﬁ 53 Ms%r is_»hpwever,only‘abou'g o
0.0l barns, a value much ioﬁer than those obtéined' for yields of ;9__;_‘3__:}_ Vreaci:ion_s _
with other elements in this region. It is probable ltherefoi'e tha::l:‘\_'an acﬁivity
of short helf-life isomeric with the 2‘01 day-éctiw_rity exists; in ’che‘presen'h‘_ |
'workg/ an activity of half-life greater than a%aout fivé ~minutes would have been
observed. The present allocation .is confirmed by absence of ’che 2.1 day actlv:.ty
in lutecium fractiouns from a particle bomberdments of ytterblum, from whlch

168

it could be, fomed only by a,pn reaction on the b (b 067 abundance) or by

decay from Hf17 pzfoduced by &,2n reaction on Y‘b168; It has also no’c been fomd
in proton bombardments of ytterbium where it would be formed in low yleld by
'Yb176-=p-‘n ‘reaction. N - -

The a.llocétion- of the 8.5 day activity to Luil?-l from ﬁ'ie'ids inTn+ a bombe.rd-

ment is confimmed by its absence in lutecium fractions from Yb + o bombardments
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where the isotope would be formed dlreotlyby q,p2n reactions on 7t 70 (40’21% '
171 ' '

abunaahee) or indirectly from HEf which could éfi‘ée"dﬁiy 1n low:' yi{e_’l‘d f'romv

d,,Sn reaction in ‘Y'b1705

The Myi‘el'ds of the 500 day’ actiw'r'it&,‘ iz; Tm o+ b&inbafdxﬁents' reciu'ir"e alidcatién
' to mass 17é9 although a possibili’cjéiists that the iso"lt'cynpe"c'oul'di b6 of mass 171.
'Howew}érs éﬁdencﬁe’ has been ob'laihed .fof'grolv{r;th: of fhe'" 500 day .]:uteéium’from Hafxiima
activities formed in bombardment of ybterbium with both 38 and 19 Mev a~particles;
this éiiﬁa‘iﬁét&as mass 171 as a possibility since 11T sould be formed only by o
gﬁé 'l :e“’eaétifon with the E1o'W aLbund_ant Y.b]‘?Oo. " The 500 dé’y actiﬁty must of 'vinéée_s.’é ity
be placed a® mass 172. - l' |

The 3.4 day posiffori émitﬁiné éctiﬁty was observed 6111}/ in the 19 Mev a-bom-
berdmemts of thulium indicabing form tion by ,n Teaction; its growth froma -
long ‘f%?é\red'hgmium formed in high yields 'iﬁ'boéh"se and 19 Mev o~particle bombard-
ments ofE ytterbilum 1imits éhe poésiﬁij.iﬁies' .fo'r; alioca”cior-i ’co.nma;SS 172 'mly :

The 4.0 hour -éos itron emibter was observed in‘all Pn+ « Jb@rrﬂa:ar"dmenﬁs'; but
in highest yiélé' in the 19 Mev bombardments ‘indicating ‘fo‘rmé.‘éi’on'by‘ﬂé._gg“ réaction,
The actiilr‘i"'by;waé found in lutscium fractiotis from proton and’ daparﬁicle'fboﬁﬁarldzﬁents
6f'yﬁérﬁimg formation in 38 uvand‘ 1‘9 Mev a-'paJri:icl‘e bombardments of yt“berblumby
ﬂgﬁxﬁ; reactions or by ébowth from an ﬁnd’ééa’éted pds"’s”iv'bijr"shﬁoft liﬁedshsﬁfh§ﬁri’1: 1imit,
the possibilities for allocation to mss 172 only: '$ince the lutscium fraction’
" from 19 Mev a-particle bombardment has & high.yield of the 4.0 hour activity, the
ei:'c"'iste';nc.‘;eréfﬁa short lived hafn'iﬁm'péx‘ent" is 'fairly certain, since at this bom-
-v bafdihé éﬂergy; £he bé’g,i)n or’ én' ”x'“éaétioﬁ[slir'ieéeﬁéséfy' to form thé 4.0 hour activity
directly would either not osour or woull in Very low yield.

At mass 172 therefore must be placed the 500 day activity decaying by orbital
" slectron sapbure and the two independent positron emitbing activities of half lives
4,0 hour and 3.4 days. Whilst the latter has been separated from a hafhiium parent

.
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"activity, the 4.0 hour activity was not observed to grow in the hafnium fractions.
The SQO day activity has been showﬁ to érow from a hafnium paren’é but no direct
relationship has been established. . .. ... . ;. | | |

The 67 day lutecium activity, whose daughter relationship to.a~ f;ive year
ha_fnium parent has been definitely established is allocated to mass 173, ' While
the complete resolution of this activity from Yb + VE bombardments has proved‘
impossible due to the formation of the 8.5 day Lul'fl in approximately equal
yields, the decays #nd absorptions of the lutecium fraction provide adequate
evidencé for a mlxture of the 6.7 day and 8.5 day activities, and hence avlloca-
tion to mass 173 appears novt unreasonable.,

As has been pointed out previouslfy, the formation of the 67 day Hf”s in
all bombardments of ytterbium with a-particles complicates the vcharacteriza‘bion
of thc:-é parent of .ths 3.4 day lubecium activity. The formetion of the 22.0 hour
hafnium in both 38 and 19 Mev bombardments eliminates the possibility that this |
i.so‘tope has massv less than 172; since né short lived daughter has 4been‘ found
allbca_tion can be made only to masses 172 or 173. The isotope may be an isomer

of H£172

or H;‘.‘lw5 decaying by either internal .'bransition, or independently by
orbital electron éapture. The growﬁl of the 6.7 day lutecium from the 22 hour
activity would héve been observed with the activities of the latter awvailable
so that allocation to mass 172 is more probable.
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Alummum absorptlon of 160 da.y Lu act1v1‘cy from Lu + n bombardment.

X and Y-rays (A), L x-rays (B), 'VO 6 Mev be'l;a partlcle (C), 0 16 Mev

Decay of radlatlons of 2. l day Lul O and'8.5 day Lu17l activities from

short Tm + 58 Mev a bombardment.

Alummum and lead absorptlons of 2 llday Luj'?_- frome+ 38 MV o
Aluminum.absorption: X and Y-rays (A), L x-rays '(‘B)’, gl:‘ez;trbﬁ (c).
Lead absorption:~2.5 Mev Y-ray (A), X x-rays (B).
Aluminum absbrption of 8.5 day wl’t activity. |
X and Y-rays (A), L x-rays (B),_ eleétrons (c,D).
Aluminum absorption of 500 day Lu”2 activity from wl",bombarament.
K x-rays (&), L x-rays (B), eiectrons (C.,D).

Decay and aluminum absorption of 4.0 howr Lu172 activity from

Tm + 19 Mev a bombardmente

Measured ourve (A),'éont'i"ibﬁtion of long~-lived activities -at
T time of measuremént (B), absorption of 4.0 hour activity {C)i7

Decay and alumimum absorption of 3.4 day Lat’? activity chemicaily "

separe.ted from hafnium parent activity produced in ¥b + & bombardment.

Decay of 3.4 day (B) and 500 day (A) activities from Tm + 19 Mev a
bombardment. | |

Aluminum absorption of 6.7 day lutecium activity chemicaliy separated
froin ~5 year héfnimn parent activity.

X and Y-rays (A), L x—rays (B) electrons (C,D).



UCRL~429
Page 17

Fig. X  Decay of 6.7 day lutecium activity (&), and growth of 6.7 day activity '

' 1n 5 year hafnium parent (B)
ST ff<' B £ A ‘;“"'if' B RO R A s B VAT "7" ‘{ll R ;{é 1

F:Lg. XI Alumlnum absorptzon of~5 year hafnlum act:.V:Lty fr

i

i ',-i‘:ti\i % sl
Ta +

'i}‘,g',*"hl [ £ 7 H

A Bombard.m nte

X and Y-rays (A), L x—rays (B) half thickmess 15 mg/cm a.lum1num.
Fig. XII . Decay and aluminum absorptmn of radiations of 22 hour hafn:.um activlty

from Y'b + a bombardment.

X and Y—rays (A) , L x-rays (B) , electrons (C D)
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