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A study has been made of radioactive isotopes' of lutecium and hafnium, produped 
. . 

by bombard.msnts of thuliUlll and ytterbium with 38, 31, and 19 Mev a.-partioles, of 

1uteoium and hafnium with 19 Mev deuterons, and of tantalum with 190 Mev deuterons. 
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Radioacti"e Isotopes of the Rare Earth Elements 

IIrLute~ium Isotopes and Hafnium Isoto~s 
, 
. Geoffrey Wilkins~:>n and Harry G~ Hioks 

Radiation Laboratory and Department of Chemistry 
university of California 9 Barke ley, California 

I~ Introduction 

The techniques of bombardments, chemical separati9ns, measurement of radio

aotivities» etCoi used have been described prertously(l). These have now been applied 

.aau_.., . 

(1) Go Wilkins onD, Ho Go Hicks D Phys 0 Revo ~, 1370 (1949) .. 

to a study of radioactive isotopes of 'lutecium,' and, since the interpretation of 

data has depended upon the characterization of lutecium daughters of hafnium ,parents. 

also ofradioaoiiiw isotopes of hafniumo The present kriowledge of radioactive 

isotopes of these elements is given in Table I. 

UsiILg the 6~inch crocker Laboratory cyolotron, bombardments 'have been made of 

thulium with various energies of helium ions, of ytterbium with 10 Mev protons, 

and of lutecium with 191Bv deuterons and fast neutrons from a Be + dsource. ytterbiUm 

has also been bombarded with 38 and 19 Mev a-partioles D and luteoium activities 
.... .' 

produced by growt;l;l in the chemically separated hafnium fraotion isolated and studied~ 

Luteoium activities were also produced in the, bombardment of hafnium with 19 Mev 

deuterons and in the bombardment of tantalum wi th 200 Mev deuterons from the l84-inch 

. cyclotron .. 

After'bombardmentS g the rare earth oxides were dissolved in boiling nitric acid, 

and the rare earth purified by repeated fluoride-hydroxide precipi ta tion cycles~ 

The individual rare earths were then separated by 'the ion exchange resin column 

method 0 The hafnium oxide was dissolved by fusion with potassium bisulpha te ~ The 

cold melt was dissolved in water and the hydro;xide recowred by ammonia pre'cipitation. 
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After addition of carriers th~ rare earth fraction was separated by fluoride preci

p'itation. Hafnium. vias recovere'dby precipitation of barium. hafnium fluoride 0 (2) 

'; ":-'" .'" -\ .' '~ . . " ,. ,~ . 

. ".-

(2 ) G.' Wilkins~n_ H. 0:. Hicks, Phys • Rev. ~, 696 (1949) ~ 

Table I 

Radioactive Isotopes of Lutecium and Hafnium 

Ty~ of Energy of Radiation in Mev Produced 
Isoto,Ee Radiation Half-Life I8.rticles Y-ra~s bl 

Lu170 K,e -,Y + 2.1 - 0.1 days 0.1 L,K x-rays Tm--a-3n .. '., .... rv 2.5 Ta-d-3z13a 

Lul71 K,e - + ,"( 8.5 - 002 days 0 .. 17,""VOo 5 L,K'x-rays ~-a-2n 
Ta-a-3z12a 

Lu172 K,e -,1 500 :!: 20 days "'0.l D ""'0.16 . L,Kx-rays Ta-a-n 
TaI423z11a 
Hf .K decal 

Lu172 ~+ + 1.2 Tm-a-n 4.0 - 0.1 hours 
Yb-;e-n 

Lu
172 K,~+(~O%) + 0.05 days 1.8 Ex-rays Tm-a-n 

3.40 -
Yb-~Z;' . 

~" t ~ 
Hfl K decal 

Lu173 
. 172 

K,e -,Y + 0.1 days 0013, "'0.6 L,Ex-rays Hf K decay 
6.7 - Yb-p-n 

174-
K,e - • 4o. . 

0.16(e-) L,Kx-rays Lu-n-2n 
Lu ,y 160 - 5 days Hf-d-a 

~~ ("'25%) 006 (~-) 
I:u-d-;e2n 

Hf17;~D3 K,e- D "(7 
+ 22.0 - 0.5 hoti-rs' 0012 L,Kx-rays Yb-a-2n,3n 

0.22 

Hf173 -,Y? - L,K'x-rays 
Yb-a-n, 2n ;3n K,e ""'5 years No e Ta-d-2z1Oa 

IIo Lutecium Isotopes 

The pombard.ment of thuliull1- with a-partic1es of various energies enabled the 

characterizaticm of five .radioactive isotopes of lutecium ~q be made. These were 

i~~topes of .Jm.1f 1iv~s 4.0 hO,urs, 2.1 days, 3.4 qays, 8.5 days and 500 days.. From 
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short bombardments at 38 Mev, the 2.1 day and 8.5 day activities were readily resolved. 

In longer bomQardmeniis aii 38 Mev, the 4.0 hour and 3.4 day activiiiies were seen in , , . 

low yields and \V~~e recognized from iihei±- posiiiron emission using a simple be?l ray-

spectrograph; aiiihoUgh the 4.0 hour actf~~ty was observed in deoay of electron and 

electromagnetio radiation, the 3.4 day activity was masked by iihe 8.5 dayactiviiiies 

" w~ possible iihough difficult; with 19 Mev a-particles, the 4.0 hour and 3.4 day 
t;" ".: ~ . . ';. ,~c:. " 

luteci~,activitieswere readi~y resolvable although the 8.5 day activi-t;y was presenii 

in low, yield. , ~e 500 day activity was found in all samp1es~. From the yields in 
. '., '.,' '.,,' ";.' ,.; "':'. ". . . .. .. 

bombardments and from oiiher considerations discussed subsequently, the 2.1 day and . , :; ",:. '.-..~... .' . 

8.Sdayactivities are allocated to nasses 170 and 171, while iihe 4.0 hour, 3.4 day 

and 500 day activities are all allocated to mass 172 .. 

The resolution of decay and absorption purves of the lutecium activities produced 
i : 

in proton 'bombardments of ytterbium has proved very difficult; the 4.0 hour and 3.4 

day activities were recognized only through their positron emi~~ions. The 2.1 day 

activity was not apparent, as would be expeciied from its allocation to mass 171, since 

"'171 
Yb" has an abundance of only 4.2l%~ The decay and absorption curves of the longer 

lived activities were almost impossible to resolve; these are now known to consist 
. . 

.of 1ili.e 8.5 dS.yant 50'0 da.y aotivities together with activiiiies of half-lives 6.7 days 

and 160 days allocated respectively to nasses 173 and 174 • 
.. 

Fast neut ron and deuteron bombardm.eniis of lutecium have led to the establishm.erxb 

of a 160 day Lu
174 

activity: decaying by both ,orbital electron capture and negative' 

beta particle emission. 

The product,ion of. haf'niumactivities by a-particle bombardments of ytterbIUm.. 

and from spallation reactions of 200 Mev'deuterons in tantalum has allowed the iso-

lation of 3.4 day and 6.7 day lutecium daughter activities, and has allowed the 
~~ . . 

. '1 . 
radiation characiieri"stics of these activities' to be determined much more readily than 

by resolution of complex dec~ and absorpiiion cu"es from TID + a. and Yb + 1: bombardmeniis. 
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,In bombardments' of'ltiteO;llJIIl,with "neutrons.;and"deuterons, and 'in the, bombardment 
:':"{ :";:: 1y ". ',: ,':< l ,,;\, !,: ',,;' " , :")';,'~:l.·"" ;:;iy::,'/ ,,~l: )~(3)iitr'>W~~;P8l":\:')f.;S!,;:>;;jf<I.;F/,! L:r :(~'!' 

of hafnium with 19 Mev deuteronsj) both these well known beta emitting isotopes 

(3) G. ,T~ Seaborgj) I~ Perlman,9 Rev. Mod~ Physj) ~.9 585 (1948). 

have been observed: Measurement of the beta activities from deuteron bo~bardmen:ts 

of luteoium allow'ed unequivooal allocation of the 3 .. 75 hour and 6.70 day activities 

to masses 176 and 177 on the basis of cross sections for the ~ reaetiol1.. R>r 

natural lutecium the cross sections for the 3.75 and 6.7 day activities were respeotively 

-2 -3 
4.3 x 10 and 0,,1 x 10 barns D which give isotopic cross seotions for ~ reactions 

. 175 176 -2 $ -2 ,... . 
~n Lu and Lu of 4 .. 4 x 10 and 4.0 x ·10 barns respectivelyo 

The half lives of the two activities a~ measured were 3.75 ! 0.05 hours through 

nine half-lives and 6.70 :!: 0.05 dayS through ten ha.lf-lives~ The radiation oharacter'istics 

obtained agree with those observed by other workers .. 

160 day Lu174 

A long~lived activity has been found in thelon exchange column separated 

lutecium fraotions from lu.tecium bombarded with
i

l9 ~v deuterons, and with fast neutrons 

from both cyclotl;'!<m and pile bombardments; it has also been found together with 'the 

6.70 day LuI?? in the lutecium fraction from hafnium bombarded with 19, Mev deuterons. , . 

174 '. " '. ' 
Allocation oan be therefore made to Lu on the basis of formation by Lu-n~2n, Lu-d-p2n 

and Hf-d-ct reaotions" The oross seotion for thed~p2n reaction lil lutecium of app'roxi-
\ .' ~4 ' 

mately 5 x 10 barns was oalculated from ratios of the beta aotivitiesof the 6.7p 

day Lu17S formed by ~175_d_p reaction and tlie 160 day Lu174":, '!he half life measured 

through three periods is 160 :!: 5 days.. Absorption me~surements (Figo I) show electrons 
. . 

ranges 30 mg)om2(0~16 Mev) and ..... 180 mg/cm
2

(;"";Oo6 Mev) a'lumin'ilm, with electro~gnetio 

radiations of half'thickness~s 14 mg/cm
2 

aluminum (8 kev ) and 100 mg/cm
2 

lead (55 Kev); 
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harder ga.mma radiation in low intensity was found in the samples to, an extent of about; 

10%'-0£ thf3_ 'Kx,~radia.tiono The ratios of the various radiations obtainedmakirig 

. previously 'di~cussed{l) a.ssumptions regarding oounting effio'ienoies etc., were 

NO.7 

Lx-rays :. K x-rays t 'Y'-rays 

""1.5 o 
o 1 

From the energYD and type of a.bsorption ourve, it seems that the harder eleotron 

is a negative beta-particle 0 The Land K x-radiation seems to be too abundant for 

any scheme of disilrl;egration by isomerio transitions. and the isotope thus :t>robably: 

deoays by b('Itb, 'bt:rta.-emission and by orbital eleotron oap~re, the latter aoooun1iing 

for possibly 75% of :'f;he- disintegrations. 

2 .. 1 !: 0 .. 1 day Lu
170 

In the 'bombardment of thulium with 38 Mev a.-particles only, an aotivity of 2.1 

days ha.lf~life was observed (Fig. II). The decay of eleotron and eleotromagnetic 

radiations were f'ollowed separately through about eight periods to give a w.lue of 
, \ 

2.1 ! 0.1 days for the half~life" The radiation oharacteristics obtained from resolu-

tion of decays and beryllium!) aluminum and lead absorption measurements (Fig. III) . 

consist of elect:t'ons 9 total range 14 mg/cm
2 

aluminum (0.1 Mev) with eleotromagnetic 

radiation of ha1f~thicknesses 14 mg/om2 al'tmlill'tlIn (8 Kev), "-'95 mg/cm2 
l-ead ('""'52 Kev) 

and ""16.5 g/om'Z lead (""2.5 Mev) .No positrons associa-'Ged with the 2.1 dayacti iri ty 

. were observed on a simple beta ray spectrograph. The approximate ratios of the 

various :r.adiatiol:l€L;c'9r~~cted for counting efficiencies, etc. as discussed previously, 

were L x~rays K x-rays . "'2.5 :Mev Y ray 

""\/0.2 1 ,.../1 

. + 171 
8.5 0.2 day Lu 

- , 

In bombardments of thulium with '38 and 31 1l.li9v· a.-particles 'an activity of half-life 

8.5 ! 0.2 daYD measured through seven half lives; was observed (Fig" III). The varia,tion 

of yield with bombarding energy allows fairly certain allocation to mass 171, and production 
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of theactivi ty by Tm-a-2n reaction.. The radiation, characteristics obtained by 

resolution oif -decay and absorption curves (Fig. IV), consist of electrons total ranges 

';;, , "2";;,;,\: "~,;:!~/ iLi; ; f"'fi' ,:.-r;~'~\;, r ' 12 - i,' "; ,;", -,,',',', ','" , " 
35 mg/em-{Ool'7 Mev)and'rvl~O mg/cm, (",0 .. 5 Iil!ev) D wi-Gh electromagnetic radiation of 

half thicknesse~"'14 mg/cm
2 

aluminUm (8 Kev') and 'VIOO mg/cm
2 

lead (55 Kev). No positrons 

were observed in the radiations.. The ratios of the various radi'a tions were 

0.5 ~~v e-L x-rays K x-rays 

~0.005 1V0.1 1 

500! 20 day Lu172 

;rn all bomoordmerits D but in particularly high yield in bombardment of thulium with 

19 Mev a=particles D a very long lived activity was observed after decay of shorter 

lived activities; allocation of this activity to nass 172 is discussed subsequently. 

The rad'iations (Fig .. V) comprise electrons s' total ranges.N'14 mg/cm
2 ('V 0.1 Mev) 

and ...,30 mg/cm2 (-v0,,16' 1'k9v). with the usual Land K x-radiation .. 

The activity; the best half life for which at present is 500! 20 days, has been 
I 

also'found -in lutec ium fractions ,from bombardment of tantalum with 200 Mev deuterons; 

the radiation, characteristics were identical in all respects with those obtained for 

the aet'iirity from,Tm + abombardme.nts., 

4.0 ! 0,,1 hour Lu
172 

In'bombardments of thuliumwith'a-particles of energies 38~ 31, and191{ev" a 

pOSitron emitting. aotivi tyof4 hours half-life has been observed., The absorption 

characteristics and decays- in all cases were the same.. Fig .. VI shows the decay from 

+ a 19 ~.!BV bombardmen t; the half-life measured through eight periods is 400 - 0.1 hours. 

The aluminum absorption corrected for decay during time of measurementD and for the -

! 

small contribution from longer-lived -activi '0/ is shown in Figo VI.. The hard radiation" 

range 500 mg/cm2 aluminum (102 Mev) was shown on a simple beta ray spectrograph to 

consis,t of positrons .No negative electrons, were observed .. 

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

from the aluminum absorption curve, assuming Oe5% counting efficiency for the hard 
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electromagnetic radiation baokground, the ratio ,~f:p~sitrons ~o r quanta is 1:2,. It 

seems p~obable therefore that the 4 hour act~vi~ decays mainly by positron emission 
. ~ . \ . , 

and that the Y-radiation is annihilation radiation. 
. ',' -",' .'" 

":' . 

The activity has been allooated to .nass 172 on the basis of yields 8:t the three 

energies of ~particles used, and its formation by Tm-a-n reaotion seems oertain.The 

cross s~ctions at 38, 31 and l~ ,Mev for the 4 hour activity ar~ ,give~ subseq:uently. 

+ 172 
.>',; . .. .... ..,. ,3.40 .. ::,: 0.0,5 day, Lu ' . 

In 19 ,~y a-particle .bombardments of thulium, an activity of 3.4 d,ays half~lif~ 
:' , ,_,,; •• ' : _ .' • f' I ;:' -", 

was observed; in bpmbar4ment~ at higher energies this activi tJr., was maske,d by, the 8.5 
, ' .. 

day activity which was fOrTn9d in much higher yields. The activity llas been obtained 

free from all but the 500 day isotope, which was present in very low yiel~,by chemical 

separation of lutecium daughter activities in the hafnium fraction from bombardment 
" I e ~\'\ ' 

of ytterbium with a-particles. The radiation characteristics (Fig .. VII) ,of -the 

actin ty from both souroes are the same, and consist .of positrons range IV 850 mg/cm2 
• • I • .'. ." ~.' •. '.' • I ' . .' " . 

(1.8 Mev) with e,lectromagnetio radiation background of initial half thickness. 

N2400 mg/om2 aluminum ("'53 Kev) suggesting presenoe of K:x:-radia tion of ytt.erbium 

or ,luteci urn. .A lead absorption of electromagnetic radiation was not made. due i!o 
. I : '. .' . • . ", • ". "." 

laok of , sufficient activity. The ratio of positron to electromagnetic radiations in 
. , .'., .. ,'''' ", . , 

many samples of the 3.4 day 'aotivi ty milked from hafnium was constant and assuming .. .' , - .. 

0.5% counting efficiency for the electromagnetic .radiatipn was 0.17. This suggests 

that the isotope decays by both positron, emission and orbital electron capture, the 
, , .... " 

forme r to the extent of about wenty" percent • 
. ,' . 

:.-.", 

In the 'I'm +.!t. bombardments the dec~yo~ ,th~ 3.4 day activity (Fig. VIII) was 
.. : "",'- .. ,," 

followed through about six half-lives, and the decs;ys of samples of 'the separ8:.teq, 
. • '". - ,'':: ~:: '. ',I ", • I : ' ~ ••• -. .~ " • 

lutecium daughter activity were fol~owe,d thrcugh~~e,ven half-live~, to give a 
. '. .... -~. 

.~. ~ •. 1" 

+ value of 3040 - 0 .. 05 days for thehalf~life~" ,\ ... \', . ~ . . 

In th~ bombardme rit"o f ytte'rbiuin wi tll p~oton~; the s epS.~a ted lutec~um fraction 
• .' • " ~I • .'.· ;" .t, :.,. •• ':' '·~ •• 'f·· . :' .:" ': .... .' •. ~.; J'; : ... ~~., :::'. ',., '~', : i- .. ,i!. 

• 0 .,,: • 

studied qn a simple beta ray spectrograph shows the presenoe of positrons decS\)'iiig 
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with a 3.4 day half-life. The 3.4 day activi ty could not be resolved in gross decays 

due to the presence of other activities. 

',- j '" 'f .:. ~ ,I 
j' :!- ': 

of ytterbium had a half-life of about seven days noticeably less' tl"lin the haif-life 

of the 8.5 day Lu17l 'activi ty prod~ed by a.-particle' bombardment of thuliUm. Since· 

Yb171 a.nd yb173 baw' similar abundances, lutecium actiVities of these masses would 

be very difficult to resolve if the half-lives were similar, and the resolution 

of the separated lutecium fractions is indeed virtually impossible by methods using 
,'.. - I 

decay and absorption measurements. 

'From a i'long bombardment of tantalum' with 200 M9vdeuterons a hafnium activity 

of about five yea~s half-life has been isolAted~ Thisact'irtty has been fo~nd to 

groW a lutecium daughter of half-life 6~7 ! O~l days followed through ten half-lives 

(Fig. X). The 5 year hafnium has "been observed in present a.-particle bombardments 

of ytterbium only in very low yields. ' The radiation characteristicS of the 6.7 day 
. ,.... 2 

activity (Fig. IX) comprise ele"ctrons total rangesN23 mg/cm.· (.vOo13 M3v) and 

-v200 ~/c'm2 (,yO.6 Mev)" electromag~etio' radiations of half thickness 14 mg/cm2 

aluminum (8 Kev), together with harder K x";ray or Y;..ray radiationo Assuming a counting 

efficiency of 0~5% for the hard electro~gnetic radiation, the rat:tos 'of the various 

radiations are approxim tely , 

0.13 Mev e-0.6 Meve-: Lx-rays 

IV 0.1': ~O.007 "'001 

III. Hafnium Isotopes 

5 Year Hfl71" 

Ie + "( rays 

1 

, 
Iri the hafnium tra'ctions tram both Ct-particlebombard:in~nts of ytterbium and 

200 Mev deuteron bombardments of tanta1~, a 'ver-y" long lived activity remains after 

decay of shorter lived isotopes ~ Sufficient a.ctivity bas not been available for 

measurement of lead absorption of gamma 'radiat"ion," bUt :the absorption "of softer 

" , 

, . 
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, '-,i' 

oomponents in beryllium and aluminum has been measured (Fig .. XI) showing the presence 

of eleotromagnetic, radiation only, oorresponding to La.r~d K x-radiation.. From both 

chemical separations and aotiv~ty measurements (Fig .. X)~ the hafnium activity has 

been shown togrbW only the 6.7 day 1ute,cium activity allocated to nass 1710 

22 .. 0.: 0 .. 5 hour Hf172 or 173 
'.; J' 

ThE! hafl?i'Um fraction from both 38 am 19 Mev a-particle bombardments of 

ytt,~rbium decays initially with a 22.0 hour half-life.. Chemioal separation of 

lutecium from hafnium during this time showed no evidence for -the forma.tion ofan~ 
i 

daughter ac1iivi tyo The 22.0 hour isotope could possibtl.y be a parent of th.e 500 day , 

luteoium. aotivity but no evidence for such a relationship could be o'btainad wi fu the 

intensities available.. The decay followed through eight periods gave 22 .. 0 : 0 .. 5 

hours for the half-life; absorption measurements (Fig .. XII) shaw electrons total 

ranges 20 and. 55 mg/cm
2 

(0012 Mev and '0 .. 22 Mev) with eleotromagnetic iadia tions 

half thickness -vI5 mg/cm
2 (8 Kev) and harder oomponents 0 

) 50 day Hfl72 

Indirect evidence only has peen obtained for the existence of this isotopee 

Chemical separation of lutecium from the hafnium fractions from a=particle bombard-

ments o'f ytterbium show the growth of the 3 .. 4 aay lutecium. activity from a hafnium 

parent of long 'life.. The presence of the 67 day Hf
175 

in high yields in all 

bombardments would zrask the decay of an isotope of Similar half-life» and it proved 

impossible to resolve the decay and absorption data for the harn.ium fra.ctions to 

show the parent of the 304 day lutecium activity .. 

Discussion 

In Table II are given the yields of the various lutecium isotopes formed in 

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

at a given bombarding energy is taken as unity .. 
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Activity 38 NJev 

2e1 da~ 0.5 

805 days 1 

500 0 .. 3 

400 hours 0.01 

3.4 days 

Table II 

.31· Mev 19 Mev 

1 < 0 .. 01 

1 1 

0.02 I\J 0.02 

0.03 
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" • I/~~~;: .• ,:~.:' 1~-~ 
. .; Probable - ; , 

Rea(!- tion' 

a2n 

an 

an 

VVhile the allocation of the 2.1 day activity to Lui70 · is fairly certain g ;ehe 

cross section for production of -the isotopes a.t 38 1ev is however only about 

0 .. 01 barns s a value much lower than those obtained for yields of a~3n reaotions 

with other elements in this regiono It is probable therefore tha:t,an activity 

of shortha.lf~life isomerio with the 2 .. 1 day activity exists; in the present 

workl), an activity of half-life greater than about five minutes would have been 

observedo The present allocation is oonfirmed by absence of the 2,,1 day activity 

in lutecium fraotions from a particle bom1;le..rdments of ytterbium, from which 

it oould be, formed only by agpn reaction on the Yl?168 (0,,06% abundance) or by 

170 - _ 168 
deoay from Rf produoed by ~ reaction on Yb " It has also not been fOP.lld 

" ,. 

in proton- bombardments of ytterbium where it would be formed in low yield by 

-Yb176 -. -p-n reaction" 

The al100a tion of the 805 day activity to Lul7l from yields in Tm +' a. bombard-

ment is confirmed by its absence in lutecium fractions from Yb + a bombardments 

. , 



abundanoe) or , ' 171 c' ' ". " , 

indireotly from. HI' which could an'se orily 

~ reaction in 'Yb170.. ' " 

... ,;' 
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in low' yield r:rom 
;. .. 

The yields of the 500 day aotivitY' i~Tm + a. bombardments require allocation 

to mass 172J)alth~ugh a'possibility'exists that -the isot~pe could be of mass 17l~ 

Howe~r;l eVidem~e has been ob~ined fo; grovrth of the 500 day lutecium from hafnium. 

t' 
aotivities formed in bombardment of ytterbium with both 38 'and'I9 Mev OFparticiles; 

this elimina.tes mass 171 as a possibility since Hfl71' could be formed on.ly by 

170 ' ". 
~ :react:i.on with the low abundant Yb " The 500 day activity must of necessity 

be placed at ~,ss 1720 

The 3,,4 day poai tron emittin.g aotivi ty was o:bsemd only in the 19 I\:Teva.-bom

bardments of' tJJ;ulium indicating forma. tion by d.on 'reaction'; its growth from Ii 

long 'llted hafnium formed in high yields ili both' '38 artd19 Mev a.-pa.rticle bombard-
,', ' .. \ 

ments of ytterbilum limits the po~sibilities 'f~r allocation to'mass 172 only. 

The 4.0 hour positron emitter was observed in 'all TAn' +<1 i bornbardni.Emts 9 but 

in highest yield. in 'the 19 Mev bombardments 'indicatingforma,tion'by' a'9n"rea,ction. ,- . 

The activ{-t.:;)rwas found in lutecium'fractions from proton and', a.-particle~b6mbardnients 

of ytterbium, formation in 38 and 19 r>iev a.-pa:rhcle bombarrunents of yttefbiUmby 

~llPxn-l"eaQtibns or by growth from a.~ ~detected p~s'sibiy short lived;rud'niu.~ limit, 

the possibilities for alloea tion to 'mi'ss 172 "only~ 
~ -', . ".r .i ." r 'I., " 

Since the' lutecium 'l"rabtion 

from 19 Me'v a-particle bombardment has ,a high ,yield of the 400 hour activityl) the 

e~'istenae of '9. short lived hafnium' parent is' fairly (ierta:tnDsi~ce at 'this bom

'barding energYa the i~n or'~~~a6tion,srie6e~sary'toformthe 400 hour a.ctivity 

At mass 1'72 therefore must be placed the 500 day activity decaying 'by orbital 

el~ctron o~pttlre and the :~IO 'indepEmd~nt positron-'emitting activities ofhaif lives 

400 hour and 304 days" Whils t the latter has been sep9.rated from a hafuium patent 

• 

/ 
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activity, the 4.0 hour activity was not observed to grow in ,the hafnium fractions. 

The 500 day activity has been sho'wn to grow from a hafnium parent but no direct 

relati9nship has beenesta.blished. ,', " " ,i· , :, , 

The 6.7 day lutecium activity •. whose daughter relationship to a five year 

hafnium parent has been definitely established is allocated to mass 1730 . While 

the complete resolution of this activity from Yb + ~ bombardments has proved 

impossi ble due to the .furmation of' the 8.5 day Lulfl in approximately equal 

yields, the decays and absorptions of the lutecium fraction provide adequate 

evidence for a mixture of the 6.7 day and 8.5 day activities, and hence a11oca-

tion to mass 173 appears no~ unreasonable. 

As has been pointed out previously, the formation of the 67 day Hf175 in 

,.> all bombardments of ytterbium with a.~partioles complicates the characterization 

j'., 

of the parent of the 3.4 day lubecium activity. The formation of the 22.0 hour 

hafnium in bofu 38 and 19 Mev bombardments el,iiminates the possibility :bhat this 

is otope has mass less than 172; since no short lived daughter has been found 

allooation oan be made only to masses 172 or 173. The isotope may be an isomer 

of Hfl72 or Hfl73 deoaying by either internal transition, or independently by 

orbital' electron oapture. The growth of the 6.7 day lutecium from the 22 hour 

activity would have been observed with the activities of the latter available 

so that allocation to mass 172 is more probable. 
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Fig. II 

Fig. IV 

Fig. V 

Fig. VI 
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; ~~~l~~ , 

LEGENDS 

A1llJ!lin1llI1 ab;:;orption of lS0 day L~i 74 aotivity from :Lu +'~ b6rdbardment. 
;, ,", 

X and Y-rays (A), L x-~y~ (B), "'0.6 Mev beta particle (C), 0.16 Mev 

electron (D). 
. 170 '. 171 

Deoay of radiations of 2.1 day Lu and 8.5 day Lu activities from 

s~ort 'I'm +, 38 M'ev ~ 'bombardmen t. 

170 
Aluminum and ,1e~d~b~orpti,ons of 2 .1~ay Lu . from Tm + 38 1i3v a 

bombardment. :... -t:·; -~.~ .... :-~" ":". ,~ ... ':'. 

A1uminum.;a.'bsorption: X andY~rElYs (A), L x~rays.(B), ele~tron (C). 

Lead absorption: tV2.5 M3y Y-ray (A), K x-rays (B). 

Aluminum absorption of 8.5 day Lu171 ~otivity. 

X and Y-rays (A), L x-rays (B), e1eotronS (C,D). 

A1umintL"1l absorption of 500 day Lu 172 activity from Tm + <t bombardment. 

K x-rays (A), Lx-rays (B), electrons (C,D). 

. 172 Deoayand aluminum absorption of 4.0 hourLu activity from 

Tm + 19 Mev (t bombardment. 

r..1easured ourve (A),' contribution of long-liVed activities "at 

time of measurement (B), absorption of 4.0 hour activity,{C1:~";? 

Fig. VII Decay and aluminum ab'sorption of 3.4 day Lu172 adtlvity'CMniic~ii~:::'< ,'", 

separated from hafnium parent aotivity produoed in Yb + .<t bombardment. 

Fig. VIII Deoay of 3.4 day (B) and 500 day (A) actiVities from Tm + 19 Mev a 

bombardment. 

Fig. ,IX Aluminum absorption of 6.7 day 1uteoium activity ohemically separated 

from ~5 year hafnium paren t activity. 

X and Y-rays (A), L x-rays (B) electrons (C,D). 
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Decay of 6.7 day lutecium activi ty (A). land growth of 6.7 day activity 

in 5 year hafnium parent (B)o 
, :;. ',i", I.·';:'~ ' .. \';::, ',-:: .t:i.~",-: ',"Y Ji:;i \' .•. !'.\. -I'll 'i~.i\5' i;/~;! (/i:: :··".+I,:I! 'H:jl i": '),~;;!VI\(')~'~~l~}lhitr~M¢iiL;f~\":f.k{.\~,~;Vl·>\ I ,,;r I::. i"; 
Fig. XI Aluminum absorption of.-v5 year hafnium actin ty fro"m' 'fa' -.; d' bombardmen't. 

. . ;.' '.' ...... . .. : 2 ....... , 
. X and "{-rays (A). L x-rays (B) half thickness l5'mg/cm 'aluminum. 

Fig. XII Decay and aluminum absorption of radiations of 22 hour hafniUm activi'tJr 

from Yb + a bombardment. 

X and r-rays (A). L x-rays' (B), electrohs (OiD). 
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