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' NEUTRON DEFICIENT RADICACTIVE ISOTOPES OF TANTALUM AND TUNGSTEN - |
 Geoffrey Wilkinson and Harry G. Hicks
. . Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California
“August 18, 1949
| ABSTRACT

A study has been made of neutron deficient radioactive isotopes of pgntglpm,
and tungéten; Bombardments were made; using the’éO«inch cydidtfdn,”of lutéciﬁm ﬁith
20, 30 an@ 38 Mev a=particles, and of hafnium with 10 Mev protons; tantalum ﬁas bom-
.barded with deuterons and prptbns of various energies using the 184-inch gyclotfon.
Four new radigactive isotbpes of tantalum and_thfee of tungsten have been éharacterizedj
_ evidenee'haé beenbobtained for the existence'ofvanvﬁnreported établefisotope of |

tungsten, W178u
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NEUTRON DEFICIENT RADIOACTIVE ISOTOPES OF TANTALUM AND TUNGSTEN
Geoffrey Wilklnson and Harry G. Hicks

 REATEL TN Taboratory and: Departient ‘of; Chemistry: -
UnlveT31ty of Gallfornlag Berkeley9 Callfornla

T. Experimental

The techniques of bombardments and of measurement of radiation characteristiecs

by absorpﬁion methods, together with assumptions involved in the interpretation of

(1,2)

data, have been described previously %',

(1) ¢ Wﬁ.k:.,nsonD Phys. Revo _29 1019 (1949).
. {2) G. Wilkinson, H. G. Hicks, Phys. Revo 75, 1370 (1949).

.Afﬁer bombafément onbthe.éomincﬁ Crocker Laboratory cyclotron, the lutecium oxide
was diséoive@ in niﬁrie acid, whilelthe hefniﬁm oxi&e Was‘dissolved in a mixture of
sﬁrong_nitri@ and ﬂy&fofiuorie eoidso' In both cases, tantalum carrier, pfepared by
" dissolving a known weight of the metal in nitric and hydrofluorlc acids was added.

In the 1uﬁeoiumvbomberdments§ carrier for hafnium activities was added; in hafnium
bombardments, lanthanum carrier was added for rare earth activities. Hold back
carriers Were_also added for contaminating ‘activities likely to be formed from target‘
materials, e, gos copper, platinum, sodium s:Ll:Lcate° After bombardment on the 184-
ineh cyclotrong the tantalum foil was dlssolved in the hydrofluoric acid with the
"addition of the minimum of gtrong nitric acid necéssary to obtain solution; tungsten ‘
and other carrier elements were then addéd° |

The chemieel separations were made using fluoride solutions, since not only is
hydrofluoric acid necessary in the solution of target materials, but radiochemical
exchange of hafnium, tantalum and tungsten occurs most effectively in such solutions,
: The fluoride ion was removed When necessary by complexing with excoss boric acid,

Further, under the glven cond:utlons,9 the chemical separatlons themselves are specifle

for the elements studied. No evidence of conbtaminating activities hss been observed
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in any of the separated tantalum and’tungsten fractions. 'The following separations -
were employeéé_ Luteciun preeipitations and lanthanum scaveﬁging pregipita#ignsfﬁefé
* made from solutions N in nitrié acid by addition of ﬁydrofluoric acid. ﬁafﬁiuﬁ was

precipitated as bariumﬂhéfnium fluoride by addition of excess barium ﬁitrate golution
to solutions I in both hydrofluoric and nitrie aei&s; the precipitate was dissolved
in nitric acid saturated with boric acid and the hydroiide precipitated. Tungsten was
separated using the following procedure. To the hot hydrofluoric acid solution of
the tantalum target, hydrazine sulphate was first added to reduce any nitric acid
present.- Soiid ammonium thiocyanate was fhen added, together with sufficient strong
hydroéhloric acid to give a &N solution. On adding excess boric acid toicomplex the
fluorlde9 and shgking with MErcury, the green thiocyanate complex of IV valent tungsten
was’ formedgiwhlch_was then extracted into ethyl acetate. The washed solvent’layer
was evaporéﬁeds noldback carriers for various elements were added and tungstic oxide.
precipitated by boiling with stroﬁg nitric acid. The oxide was disséived in ammoniuml
hydroxi&és thiocyanate added to the solution and the reductionwextraction'précess
repeated éfter écidificationP Tantalumjwas recovered after removai'of other elements
by addition“of.eXﬁess boric acid followed by sodium hydroxide. The h&droxidé was re-
dissolvea'ig hyﬁrofluoric acid, and scavenging separations of the rare earths, hafnium

j and tﬁngsﬁen were made as above from the fluoride solutiono The tantélum was finally

" precipitated as potaSSlum tantalum fluvoride by saturation of the solutlon with potassium
fluorldeo The tantalum preclpltate was fumed w1th strong sulphuric éc1d to remove
.the fluoride, and the hydrox1de then precipitated.

b- In all cases the ox1des were prepared for countlng and for estimation of chemlcal

s 'yields by 1gn1ﬁion of the hydrox1deso

II. Tanﬁglum<lsotopes

Four new tantalum activities of half lives 8.0 hours, 2.5 days, 15.4 daysiand |
~vs120 days have been produced by bombardment of 1utecium‘with-alpha particles off

varicus energies; a brief report on the first three isotopes has been given

t
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previouslyofg?- From the yields,_alloéations have been made respectively to masses 176,

(3) <Gi.Wilkinsdn, H. G. Hicks, Phys. Rev. T4, 1733 (1948)..

o]
I
ST

177, 178 and 179. The isotopes have been identified also in the tantalum fraction

from Hf + p bombgrdments. The radiation characteristies of the isotopes are summarized

in Table T.

Table I

Production and Characteristics of Tantalum and Tungsten Isotopes.

Type of » Energy of Radiation in Mev Produced
Isotope  Radiation Half-Life Particles Y=rays Y
Tal76 . K, e=,¥,32 8.0£0,1 hrs. 0.12,0.18(e=) L, K x-rays,  Lu-a~3n
o : ~~1(8-2) ~2
Tal?’  K,e,Y © 2,50%0,05 days  0.11(e™) L,k x-rays Lu-a=2n,3n
' _ ~~1./(weak) Hf =p=n
. ‘Ta=d=p5n
- » . , W177 K decay
o178 B2 15.4%0.2 days 1.5 Lu-q-n,2n,
: —_— : 7 Hf-p-n
Tal’?  K,e”,Y A-120 days ~0.12(e") L,K x-rays Lu~g=n
. . Hf=p-n
- Ta~d-p3n
T . . v A _ Ta-p=p2n
7al80° K Y B=(~10%)  8,00%0.05 hrs. - 0.7(B") K x-rays Ta-n=2n
1.3 Ta=d=pln
- s : .Ia=-p-m
75180 K or I.T.;e" 1652 min, . 0.12(e™) Ta<n-2n
B 52) 0,6 (87)
w77 Ke”,Y 130%3 min, 0.13(e") LK x-rays Ta-d-én
~0,4(e=) ~0.45 Ta=p=5n @
1.2 P
w7k 3071 min. No e~ L, K x-rays Ta~d-4n
' ’ Ta=p=3n
w72 K,e,T 21 days 0.12(e") L, K x-rays Ta-d/n
~ 0.5(e72) Ta=p3n

8.0%0,1 hour Tal76

The chemically separated tantalum from 38 Mev a particle bombardment of lutecium

B

shows the 8,0 hour activity in high-yield,

i
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- The &ecays.(Figo I) of the gross and electromagnetic radiations were followed separately

through about eighﬁ halfwiives;_after correction for long=lived Eackgroundss a halfmlifev

«of 8,0 =0,1 hours was obtained from several measurements.

In Fig, II ie shown the alumimum absorption of the qedietione of the 8,0 hour
- activityy the soft eleetromagnetic radiation ﬁes obtained bj aluminum absorption afte: |
removal of elestrons in Beryilium foils, The lead absorption: of hard electromagnetic
radiation was'also measured. No positrons were observed on a crnde beta ray spectrometer.
From the measuregentbg the radiations consmst of electrons of ‘total ranges A9 mg/bm
(120 Kev), ~240 mg/cm (180erv93 and A4 400 mg/em (~1. Mev) ‘together with electromagnetic
radiation of half-thicknesses, 16 mg/em aluminum (8,5 Kev) ~15 mg/cmg lead (58 Kev)
and 15.5 g/ém lead (2 Mev)., From aluminum absorption measurements on an 1nf1n1te1y-th;n
sample, from ﬁhe lead absorption,. and making fhe customery'cerreetions and assumptions
regarding counting efficiencies, the followiﬁg ratios were obtaineds
120 Kev e ¢ 180 Kev 7t ~v1 Mev 672 L x-rays: K x-rays: 2 Mev Y ray
= ALl 2 ~0.0h 5 ~v0.023 Noo;:;' 1 2 0.6
The isotope thus probably decays by orbltal electron capture followed by converted
Y ray transitions from excited or metastable levels of the_daughter nucleus.

2,50 £ 0,03 day Ta'"”

After decay of the 8,0 hour activity, an activity of 2,5 days halfwllfe has been
observed in the tantalum fraction from Iu + g bombardmentsa The resolved gross decay
of the 2.5 day activity was followed through eight half-lives, and the deecay of electro=
;agﬁetic radia?ion'threugh nine half-lives te-give a ﬁalue of 2,50 % 0;03 days (Pig. I
{ITI)for the half-life .
In Fig. IV is shown the aluminum absofption'after subtreciien of the contribution
(10%) of the 15 day tantalum activity atvtﬁe time of measurement‘ Resolution shows elec-
;rons of total range 16 mg/em (110 Kev) together with soft electromagnetle radiation of
half-thickness 16 mg/én(8.5 Kev). The lead absorption (Fig° IV) of hard electromagnetic

radiation shcws‘components of half thicknesses 120 mg/cn? lead (58 Kev) and~-s13 g/cm?
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lead (1.4 Mev). The following ratios of the various radiations were obtaineds

110 Kev s L X=Tays: K x=rayss 1.4 Mev quay B o o ’
; ha *.i.\"j.: 5"; . .”'“ " , ‘ & T ";’ e K 18y ¢ 'v 4,! ST t Loy 1 IRV e e ! & ,h“,';‘ 5 {_"él=;
= T 0 3 8 0.3 &- “; B 00005 s

It appeé?slﬁairlj safe to assume decay by Sfbitélﬁ_electron-eapture‘with electrong

arising frpm conversions in subsequent transitions;'- ‘ o | "
Theﬂgzé day_activity has been obserVeé in high energj,particle bombardments

of tantaiuﬁtgnd has been showm to be produced by decay'of é 130 minﬁte tungsten

activity., It has been also observed in the tantalum fraétion from Hf + p bombard-

ments,

The haifélife of this isotope resolved from the tantaluﬁ gross decay (Fig..
TII) from Ly # g bombardment is 15.4 % 0.2 days through six half-lives. The aluminim
abscrpt@on_(?igo V) shows the radiation to consist almost entirely of hard electrons,
range 610 mg/gm? (1.4 Mev), The shépe of the ébsorption cﬁrVe suggests beta particle
fadiation and study of the isotope on the crude;beta ray spectrometer showed negative
électrbgs_with an energy distribution correspondintho.fhaﬁ of a beta particle spectrum
of maximum energy ~ns1.5 Mev. The Feathar range 770 mg/¢mz;eorrespondsrto‘1065~Mev |
maximim energy. R |

Sufficient intensity was not available to allow a legd'absorption of. gammsa, ‘ )
radiation, but from the decay of tantalum éiecfromagnetieifadiation and aluminum
absorptipn measuréments,'an'upper 1imit of 0,002 ¥ ér K iefays per electron is ob-
tained. Assuming 1% counting efficiency for>such réﬁiati§ﬁ'the Y/~ ratio is less
than 0,2 thus confirming designation of the 15.4 day actiéity as a negative beta =
particle emitter; The isétope‘has been observed aléo iniﬁhé tantalum fraction from |
.Ei?j;g bombardment; the resolved decay and radiation characteristics agree with

those from Lu + o bombardments,
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~s120 day Tall?

After decay of shorter-lived act1v1t1es, tantalum fractlons from both Lu +a

'and Hf + p bombardments show a long=lived act1v1ty° The half-life at present appears

to be .~A~ 120 days., In the bombardment of tantalum w1th 40 Mev protons, this act1v1ty

ﬁ;s been observed after decay of the 8,0 hour Talso, In this case formatlon is

poss1ble dlrectly byvgap2n reaction, or by decay from the tungsten parent isotope.

The aluminum absorptlnn shows electrons, range~~20 mg/cm (120 Kev), soft

eléctromagnetlc radiation, half-thickness ~ 16 mg/ém o and K x=-rays or Y radiation.

8.0 hour and 16 minute Tarol-

Two activitiés'of half<lives 8.2 hours and 14 minutes have been produced by

. ' : v : 5) _ , : ‘
n,2n and Yn reactions in tantalum(43 and allocated to mass 180, These activities

(4) oO. Oldenberg, Phys. Rev. 53, 35 (1938), -
(5) W. Bothe, W. Gentner, Naturwissenschaften 2 _Q, 191 (1937)

have now been reéexaminedo Very pure tantalum was bbmbarded with fast neutrons

- from Be + d reaction; the short lived activity was studied without chemical separation,
'but separation was made for the 8 hour activity. The 8.0 hour. activity is also pro=-
- duced in high yield by_ﬁgmbardment of tantalum by 40 and 50 Mev protons presumably

- by the p,pn reaction.

The decays of the gross and.electromagnetic radiafions;of:the longer lived
activity were followed through ten half-lives and a value of 8.00 : 0.05 hours ob-
tained for thé hélf-life,- In Ta +n bombardments, a small, long-lived background was

identified as the 117 day Talsl produced by neutron capture. The aluminum absorption

~éurve of the 8 hbgr activity (Fig. VI) shows beta particles, range 210 mg/cm?
aluminum (0.6 Mev), Feather range 233 mg/cm? (0.7 Mev) and hard electromagnetic

~radiation. The lead absorption shows -components of half thicknesses 115 mg/cm2

(58 Kev) and 12,2 g_/cm2 (1.3 Mev); the energy of the former corresponds well with
the energy bf hafnium X x-radiation. From the measurements, with usual corrections

and assumptions-counting efficiencies, the following ratios were obtaineds
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0'7 Mev B”: K x=rays: 1.3 Mev Y= 0,13 21 ¢ 0,02 .
__The 1qotope~thus appearsato dcnay predomlnantly by cfbltal e}ggtron captur?}‘ ?aklng
one K eray ouantum as representlng one dlSlntegratlon by o rbltal electroﬁléapture,‘
the branching_by _eta_part}cle emission is around Oalo

The éhort lived isomer was studied in short neutron bémbardments of tantalum |

.and a half life of 16 = 2 mlnates obtained. This activity is formed in'very low

yield, the saturation 1nuen31ty being only about a hundredth that of the 8 hour

activity. A rapid measurement of the aluminum absorption of the mixed activities was

made and the centrlbutlon of the 8 hour aet1V1ty subtracted. The resolved aluminum
absorpuloa curve of the 16 minute act1v1ty (Figo VII) shows veny soft electrons,
range,ﬂ\fzo mg/cm {120 Kev) hard electrons or beta particles, range ~-180 mg/ém
(~0.6 U Ne?jrtpgether.w1th K x=ray or Y ray background. The approximate ratios of
the radiations are | | A
- 120 Kev e 3 O 6lev 73 K + Y rays = ~v0,22 /\J0;O5 s 1
“Since the very eoft eleetron was not observed in the decay of the 8,0 hour activity,
- it seems unllkely_that these electrons arise from Y=ray transitions in hafnium
following prbitai electron capture, and the 16 minuﬁe activity may decay, partially
at least, by isomeric transition. The hard particle present suggests a few percent
branching»by;peﬁa particle emission.,
_ Discussion
The yields of the tantalum isotopes have been estimated for 38, 30 and 20 Mev

Ynﬁarticle bombardments of lutecium, Since the decay schemes of'all>bﬁt_the 15.4
day activity are obscure, the K x-radiation was ﬁsed;as a reference and the
yield of the most abundant activity in each bombardment taken as unity. The yields
of the various isotopes, and the Variatﬁons with bombérding energy'were similar to

(2) (6)

those found for the production of thulitm and rhenium activities by a=particle

(6) G. Wilkinson, Ho Go HieksgPhyso Rev, (in press)o

».
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bombardments of holmium and tantalum respectiveiya Since lutecium has two stable

, 1sotopesg tantalum 1sotopes of masses 177 and 178 can be formed by both a ,gn and

d,2n and a.2n and a.n reactlons respectlvelys while isobopes of masses 176 and 179

can be formed only by 175 -a,3n and Lu 176 ~g-n reactions respectlvelyo‘

The yields of the 2.5 day, 15,4 day and 120 day activities in 10 Mev protons
bombardmnents of hafnium agree with present allocations. The presence of the 8.0

hour Talvé is masked in this case howevertby simultaneous formation of the 8.0

hour Ta}?OO

,Since the allocation of the 15.4 day activity is made to mass 178, and par-
ticularly since its radiations appear to consist almost entirely of negativev

beta particles, it seems necessary to postulate the existence of a previously

' unreported beta stable isotope of tungsten of mass 178. Additional evidence for

stability of thls isotope has been obtained from bombardments of tantalum with
deuterons and protons of varlous energies from the 184 inch cyclotron, where careful
examination of the deééys of the chemically separated tantalum fractions has shqwn
no evidence for the 15.4 day activity. The yield of the 15.4 day activity is cer--
tainly less than a thousandth that of the 2.5 day Ta177 or the 120 daj Tal79

180 and 117 day Ta181 activities were ob-

served in all cases, but the 2.5 day Tal 77

was detected only at bombarding energies
of 50 Mev deuterqns and above, With 50 and 60 Mev deuterons, the yield of the 15.4
day and 2.5 day‘activities should have been comparable.

ITI. Tungsten Isotopes

The bombardment of tantalum with deuterons and protons of various energies

fromvthe 184 inch cyclotron has led to the recognition and characterization of three

: ‘ - 181
new radicactive isotopes of tungsten. The 140 day W activity Droduced by d,2n

(7)

and R, reactions in tantalum has been deseribed previously.

(7) G. Wilkinson, Nature 160, 864 (1947).
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130 minute W-/7

Thls isotone was observed in bombardments of tantalum Wlth deuterons of energy
L5 to 60 Mev and protons of ~u 40 to 60 Nev from the 184 1nch cyclotrona The‘radlaﬁlonp
characteristics were best measured using the chemically separated tungsten fraction
from a 50 Mev proton bombardment of ﬁantaiumo The decays of electron and electromag-
netic radiaﬁibns followed separately'through seven half=lives gave a value of |
130'i S’minutgs for.the half=1ife, The radiétions (Fig; VIII) consist of eleétrons,
total ranges in aluminum of 21 mg/cm>(0.13 Mev) and ~~100 mg/cmg (0.4 Mev), L and
K pradlaﬁlon and Y radlatlon of half thicknesses in lead of 2,75 g/cm (0.45 Mev)
and 11,7 g/em (1.2 Mev), No positrons were observed on a simple beta ray spectro—
graph., The ratibs of the various radiations, corrected for counting efficieﬁcies, ete,
ares |

' 0,13 Mev e“% 0.4 Mev ez L x=rays: K x-rayss 0./ Mev ¥ ray: 1.2 Mev ¥ ray

0,05 = 3 0.2

0%

0.1 5 0,02 3 0,25¢ 1

In_order'to charaéterize daughter activities of this isotope, the tungsten

fraction,cogtginiqg the 130 minute activity was fmilked® for tantalum activities,

The tantalum fraction was found to contain only a pure 2.5 day activity whose decay
was followed through six half-lives and whose radiations are identical with thosevof
the 2.5 day Ta177 described above, The yleld of the taﬁtalum activity in successive
Separatidns shows it to be the daughter'of the 130 minute tungsten getivity. No
evidence for shprﬁer or longer lived daughter activities was obtained, Allocation .
of the 130.migute activity to mass 177 is made on the basis of recognition of the

205 day T2177 daughter activity and also from considerations of yield in bombardments h
at various energies which agfee with formation by a d.6n or p,5n reaction. ' ) o

30 < 1 minute w7859

As the yield of the 130 minute W177 activity de@reaéed with deereasing,bombarding
energy, the yield of a second new tungsten act1v1ty of halfmllfe 30 minutes 1ncreased

to a maximum for both deuterons and protons of about 40 Mevo The act1v1ty has not
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been observed in bombardmentvof‘tantalum with 20 Mev deuterons, where the d,3n reaction
~would be observableg and hence mist be due to an isotope of mass 1eSs than 180, The
radlatlon characteristics were obtained from aluminum berylllum and lead absorption

easurementsg and con51st only of tungsten or tantalum L and K x~=radiation (Flg. X),
No'evidence was.pbtgined for either electron or hard electromagnetie.radiation and an
>upper liﬁit_of'ope percent of the K x-radiation can bé placed for each. The ratio of |
L XK 'xwradiaﬁionmwas 0.25:1., The decays measured through seven half-lives gave a
value of 30 L 1 minutes for the half-life (Fig. IX). The isotobe may be either an
isomer of_ﬁhe 21 day activity allocated to W1799 decaying by orbital eleectron capture,
or an excited state of the postulated stable W78, The latter possibility is the Teast
‘likelyg singe no conversion electrons or gamma rays wefe observed.

21,0 £ 0.2 day W77

In thg bombardments of tantalum with lower energy deuterons or protons from the 184
inch cycloﬁron the chemically separated tungsten fraction showsg after decay of '
shorter lived actiV1t1e59 an activity which decays with a 21, 0% 0.2 day'halfullfe°
| Qualltatlve estimates of the yields are in agreement with aliocatlon of the activity to
mass 179, and this allocatlon has been confirmed by chemical separation of the 120 day

tantalum activity allocated to mass 179 after decay of a large sémple of the tungsten.

fraction. The isotope would hence be formed by d.4n and p,3n reactions in tantalum.
'Thé radiations eonsist of very‘soft electrons, total range~.l5 mg/émz (0.1 Mev), |
electrons rangeni20 mg/bm (0.4 Mev) together with L and XK x-radiation.Fig. XI. Tﬁe
decay measured through seven halfm11ves is 21,0 = O 2 days,
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_LEGENDS FCR FIGURES

Fig.'I Decay of 8°O hour Ta176(B) and 2.5 day Ta177(A) aetlvzl.tless mth 15 4 day

- ch

background (G) from Tu + Iutg bombardment.,

176

Fig, II Alumirum absorption of 8,0 hour Ta activity, K x-ray and Y-rays (4),

electrons (B,C,D), L x-rays (E). )
179

Fig, III  Decay of 2.5 day Ta’ ' (C), 15.4 day Tal78(B) and ~s120 day Ta®'~ activities

f?onbgﬂiétlk bombardment,
Fig. IV Al@minu@ and lead absorptions'of 2.5 day T3177 activity from gghi_g bombardé
ment. Aluminum absorptions Yeray background (a), 0.11 lMlev electron (B)
.agd;b_Xarays (€). Tead absorbtiong 1.4 Mev Y=ray (&), K x=rays (B).
Fig., V Aluminum absorption of 15.4 day Ta178 activity from Lu + a bombardment.
Xmaqq Yfrayhbacbground (A),‘l.B Hev betawparticle‘(B)o

Fig. VI Aluminum absérption of 8,0 hour Talso activity from Tg + n bombardment.

X and Yerays (A), 0.7 Mev.beta particle (B).

Fig. VII  Alwninum absorption of 16 minute Ta-o0

from short Ta + n .bombardment.
| X and Y-rays (A), 0.6 Mev beta particle (B), 0.2 Mev electron (©)e
Fig. VIII  Aluminunm and lead absorptions of 130 minute W activity from Ta + p

| bombardment. X and Y-rays (A), L x=rays (B), electrons (G,D).

Fig., IX Décay of 30 minute tungsten activity from Ta + p bombardment.
Pig. X Aluminum (A,B) and beryllium (C) absorptions of 30 minute tungsten activity,
Fig. XI Aluminum absorption of 21.0 day tungsten activity from Ig +_p bombardment.

)

K and erayé (8), L x=-rays (B), electrons (C).
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