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. ~EUTRON DEFICIENT RADIOACTIVE ISOTOPES OF TANT~mi AND' ',fUNq.8'fEN 

Geoffrey Wilkinson and Harry Go H~cks' 
Radiation Laboratory and Department of Chemistry 
University of California, ~erkeiey, California 

. August 18, 1949 

. ABSTRACT 

A study has been made of neutron deficient radioactive isqtope~ of tantalum . 

and tungsteno Bombardments were made, using the GO-inch cyclotron, of lutecium with 

20,1) 30 and 38 Mev a=pa.rticles.ll and of hafnium with 10 Mev protons; tantalum was bom­

barded with deuterons and protons of various energies using the 184-inch cyclotron. 

Four new radi?active isot,opes of tantalum and three of tungsten have been characterized; 

evidence has been obtained for the existence of an unreported stablEr isotope of 

tungsten,\) w178 () 

.. ~ .' 
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NEUTRON DEFICIENT RADIOACTIVE ISOTOPES OF TANTALtJ1Iil AND TUNGSTEN 

.' I . 
I,. ," 

Geoffrey Wilkinson and Harry Go Hicks 
; 1;1;>:': ~i~'I~' Rl)rd~altfbb/-r;abblfa~'Ory,:~'~nd'~:Pe'pai'tmeht' ~of.; CJlein:Ls.t;ry,; " 

University of California J' Berkeiey~ California 
'" " 

Io Experiinen tal 

,'-.. 

The techniques of bombardments and of measurement of radiation characteristics 

by absorption methods 9 together with assumptions involved in the interpretation of 

d t h b d °b d . 1 (1~2) a a~ ave een escr~ e prev10us y 0 

(1) Go Wilkinsonj) Physo Revo 12, 1019(1949) 0 

(2) Go Wilk.inson.9 Ho Go Hicks,9 Physo Revo 729 1370 (1949)0 

After bombardment on the 60=inch Crocker Laboratory cyclotron.\) the lutecium oxide 

was dissolved in nitric acid" while the hafnium oxide was dissolved in a mixture of 

strong nitric and hydrofluoric acidso In both cases, tantalum carrier~ prepared by 
'. . 

. dissolving a known weight of the metal in nitric and hydrofluoric acids was added .. 

In the lutecium bombardments,9 carrier for hafnium activities was added; in hafnium 
.. ~?/! 
Wt"" bombardments,9 lanthanum carrier was added for rare earth activitieso Hold back 

carriers were also added for contaminating 'activities likely to be formed from target 
\~. 

materials,9 -eogoj) copper,9 platinum~ sodium silicateo After bombardment on the 184-

inch cyclotronj) the tantalum foil was dissolved in the hydrofluoric acid with the 

addition of the minimum of strong nitric acid necessary to obtain solution, tungsten 

and other carrier elements were then addedo '1 

The chemical separations were made using fluoride solutions.9 since not only is ~ 

hydrofluoric acid necessary in the solution of target materia1s~ but radiochemical 

,3xchange of hafnium!) tantalum and tungsten occurs most effectively in such solutions .. 

The fluoride ion was removed when necessary by complexing with excess boric acido 

Further~ under the given conditions~ the chemical separations ·themselves are specific 

for the elements studied~ No evidence of contaminating activities has been observed 
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in any of the separated tantalum and tungsten fractionso The following separations 

were employed. Lutecium precipitations and ,lanthanum scavenging precipitations were 

,. Inade from solutions 3N in nitric acid by addition of hydrofluoric acido Hafnium was 
" 

precipitated as barium hafnium fluoride by addition of excess barium nitrate solution 

to solutions 3N in .both hydrofluoric and nitrie acids; the precipitate was dissolved 

in nitric acid saturated with boric acid and the hydroxide precipitatedo Tungsten was 

separated using the following procedureo To the hot hydrofluoric acid solution of 

the tantalum target.~ hydrazine sulphate was first added to reduce any nitric acid 

presento' $01id ammonium thiocyanate was then added.\! together with sufficient strong 

hydrochloric acid to give a 6li solution. On adding excess boric acid to complex the ." 

flubride~ and shaking with mercury~.the green thiocyanate complex of IV valent t~gsten 

was formed, which was then extracted into ethyl acetate. The washed solvent 'layer 

was evaporated9 holdback carriers for various elements were added and tungstic oxide 

.pr.ecipi tated by boiling with strong ni tri~ acido The oxide was dissolved in ammonium 

hydroxide.9 thiocyanate added to the solution and the reduction~extraction'process 
, , 

repeated after acidification. Tantalum was recovered after removal of other elements 

by addition of excess boric acid followed by sodium hydroxide. The hydroxide was re­

dissolved in hydrofluoric acid.\! and scavenging separations of the rare earths, hafnium 

and tungsten were made as above from the fluoride solutiono The tantalum was finally 

precipitated as potassium tantalum fluoride by saturation of the solution with potassium 

fluoride 0 The tantalum precipitate was fumed with strong sulphuric acid to remove 

the fluoride.9 and the hydroxide then precipitated. 

In all cases the oxides were prepared for counting and for estimation of chemical 

.; yields by ignition of the hydroxides 0 

110 Tantalum Isotopes 

Four new tantalura activities of half lives 800 hours, 205 days, 1504 days and 

~120 days have been produced by bombardment of lutecium with alpha particles of 

various energi~s, a brief report on the first three isotopes has been given 

,~, '. '" 
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previouslYo(:3?- from the yields~ ,allocations have been made respectively to masses 176, 

, ' 

177~ 178 and 1790 The isotopes have been identified also in the tantalum fraction 

from ~f + E bombardments o The radiation characteristics of the isotopes are summarized 

in Table Io 

Table I 

Production and Characteristics of Tantalum and Tungsten Isotopeso 

'I'ype of Energy of Radiation in Mev Produced 
Isoto~ Radiation Half=Life Particles Y=ra;y,:s P.I 

Ta176 , K,ge=$}Y,913""? 8,,01:.0,,1 hrs" 0012l)0,,18{e=) L,? K x=rays$ Lu"'O:=3n 
--~~ 

-.,,1 (~""? 2 Jv'2 

Ta177 K.f)e= ,,"( 2,,50t O,,05 days 0011{e=) L.?K x~rays L1i=(l~2n.? 3n 
,,,,,,,104(weak) Hf=p=n 

Ta=d=p5n 
W177 K decay 

178 13= n 15,,4t.O.2 days 105 Lu"'O: =n,? 2n Ta , $} 
~ 

Hf=12=n 

Ta179 
K,~e=., Y "Vl20 days ~,,12{e=) LjK x-rays LU-<I-n 

Hf=p=n 
Ta=d=p3n 

~~. 
Ta-E'"'l22n 

Tal 80 K~ y 213 =(",10%) + 8,,00:..0005 hrso 0" 7(f3 =) K x=rays Ta=n-2n 
103 Ta=d-p2n 

- , ' Ta-E=EQ 

, Ta+8O K or IoTo e= 
y~ro{<~~2 

l6!2 min", 0,,12(e=) 
00 6 (~=2 

Tacn-2n 

w177 K",e=.')Y 130i:3 mino 0013{e=) L9K x-rays Ta=d.-6n ~ 
,-y004{e=) ~Oo45 Ta=p ... 5n iJ 

102 .-
W179 K 30!,1 min. No e- Ll) K x=rays Ta-d-4n 

Ta=:Q=Jn 

179 K e~~ Y 21 days 0,,12(e=) L,? K x=rays Ta=d4n Vi 9 J) 

=- -,; 002(e'2_ T~=Rjn 

8 Ota"l hour Ta176 
=-:::0 ..-.---.sn..o...ewo 

The chemi~ally separated ~antalum from 38 Mev a particle bombardment of lutecium 

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

,~ .-

.-
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The decays (Fig. I) of, the gross and electromagneticradiB:tions were followed separately 
. . 

through about eight ha1f=lives; after correction for long~lived backgrounds$ a half~life 

." of 800 "!:Ool hours was obtained from several measUrements" 

In Figo II is shown the aluminum absorption of the radiations of the 8 .. 0 hoUl" 

activity, the soft electromagnetic radiation was obtained by aluminum absorption after 

removal of electrons in beryllium foils .. The lead absorption of hard electromagnetic 

ra.diation was a.lso me13.suredo No positrons were observed on a crude beta ray spectrometer .. . . 
From the measurements J) the radiations consist of electrons of total ranges /'V19 lllg/crp.2 

(120 KevL ~40 mg/cm2(180 Kev), and /\J400 mg/cm2.(rov'lMev) together with electromagnetic 

radiation ~f ha1f~,thicknesses.\l 16 mg/cm2 aluminum (805 Kev) ~~15 mg/crrf lead (58 Kev) 
2 '. 

and 1505 glom lead (2 Mev)8 From aluminum absorption meas-qrements on an infLl1ite1y thin 

sample, from the lead absorption~ and making the customary corrections and assumptio~s 

regarding coUnting efficiencies, the following ratios were obtainedg 

= 

120 Kev e=: 180 Kev e ~~ "",,1 Mev e-g L. x-rays:: K x""Taysg 2 Mev "(ray 

" o 1 o 
o 0,,6 

The isotope thus probably decays by orbital electron capture followed by converted 

Y ray transitions from excited or metastable levels of the daughter nucleus .. 

2 .. 50 ! 0 .. 03 day Tal ?7 

After decay of the 8,,0 hour activity, an activity of 205 days ha1f=life has been 

observed in the ,tantalum fraction from Lu + a: bombardments" The resolved gross decay 

of the 2 .. 5 day activity was followed through eight half-liv~s,and the decay of e1ectro~ 
,'it 

magnetic radiation through nine half":lives to give a value of 2,,50 !. 0 .. 03 days (Figo I, 

JjII)for the half~life 0 

'In Figo IV is shown the aluminum absorption after subtraction of the contribution 

. 'Cfo;rn of the 15 day tantalum activit~T at the time of measuremento Resolution shows e1ec­

;:ron:3 cf total range 16 mg/cm2(iiO Kev) together with soft electromagnetic radiation of . 

half=thickness 16 mg/cm2 (805 Kev)o The lead absorption (Figo IV) of hard electromagnetic 

radiation shows components of half 'thicknesses 120 mg/cm2 lead (58 Kev) and~13 g/cm2 



lead (104. Mev) o The folloWing ratios of the various radiations were o'btained~ 

110 Kev e=g' L x=rays~ .K x..;raysg 104 Mev Yoaray 
, .... , . 

d.·::.: .. ·. . . (. 

= ''V'OoJ 

It appears ~faiI'ly safe to assume decay by ()rbital:: electron oapture with electrons 

arising from conversions in subsequent transitions~ 

The 205 day activity has been observed in high energy particle bombardments 

of tantalUm and has been shown to be produce~ by decay of a 130 minute tungsten 

activit Yo It has been also observed in the tantalum fraction from Hf +..12 bombard= 

mentso 

~~A-t 002 day Ta17S 

The half=life of this isotope resolved from the tantalum gross 4ecay (Figo .. 

III) from 1;u +.....££ bombardment is 1504 t 0~2 days through six half=liv680 The aluminUm 

absorpt~on(Fi~o V) shows the radiation to consist almost entirely of hard electrons, 

range 610 mg/6m2 (104 Mev)o The shape of the absorption curve suggests beta particle 
. . 

radiation and study of the isotope on the crude beta ray spectrometer showed negative 

electrons With an energ;}T distribution corresponding; to that of a 'beta particle spectrum 

of maximum energy.f"\.,l 10 5 Mev 0 The Featbr range 770 mg/ en¥'. corresponds to 1065 Mev 

maximum energy. 

Sufficient intensity was not available to allow a le~d absorption of. gamma 
.. 

radiation~ but from the decay of tantalum electromagnetic radiation an~ aluminum 

absorption measurements" an upper limit of 00002 Y or K x~rays per electron is ob~ 

tainedo Assuming 1% c~unting efficiencr,r for such radiation the y/~= ratio is less 

than 002 thus confirming designation of the 1504 day activity as a negative beta 

particle emfttero The isotope has been -obServed also in the tantalum fraction from 

Hf + p bombardment, the resolved decay and radiation characteristics agree with 

those from Lti + a bombardments~ 

". 

,.; 
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After decay of shorter~lived activities,tantal~ fractions fr~m both Lu + ~ 

and Hf + P bombardments show a long~lived activi:y" The half,-life at present ap~a~ 

, to be ,rv 120 days.. In the bombardment of tantalum with 40 Mev prot~ms,this activity 

h~s been observed after decay of the 800 hour Ta180" In this case formation is 

possible directly by p,p2n reaction, or by decay from the tungsten parent isotope. 

The aluminum absorption shows electrons, range rv 20 mg/cm2(120 Kev), soft 
, I 2 electromagnetic radiation, half..;thickness.--16 mg/em , and K x-rays orY radiation. 

8.0 hour and 16 minute Ta180 

Two activities' of half-lives 802 hours and 14 minutes have been produced by 

(4.95) 
n,2n and Yan reactions in tantalum and allocated to mass 1800 These activities 

(4) 00 Oldenberg, PhYSo Rev" 2J, 35 (1938) .. 
(5) W .. Bothe, W. Gentner, Naturwissenschaften 22" 191 (1937)0 

4ave now been re-e~ined.. Very pure tantalum was bombarded 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 800 hour, activity is also pro-

" duced in high yield 1:Yy' bombardment of tantalum by 40 .and _ 50 Mev proton~ pres~bly 

, by the ..l2&J2!! reactiono 

The decays of the gross and electromagnetic radiations of the longer lived 

activity were followed through ten half~lives and a value of 8000 ~ 0005 hours ob-

f' tained for the half-life. ' In Ta + n bombardments, a small, long-lived background was 

identified'as the 117 day Ta18l produced by neutron capture" The aluminum absorption 

curve of the 8 hour activity (Figo VI) shows beta particles, range 210 mg/cm2 

aiuminum (0.6 Mev), Feather range 238 mg/cm2 (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 energJT of hafnium K x-radiation. From the measurements, with usual correction~ 

and assumptions counting efficiencies, the following ratios were obtai..1'led: 
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0~7 Mev B~g K x=raysg 10) Mev Y = 0013 ~ 1 ~ 0002 

The, isot;6pe; ',t,hus'''i3.ppears • .tQ q.eG~Y, pr,edominantly by orbital electron captureo Taking 
,', t~ ~L, ~ •• 1.-;;,j-wJ:" ~ ."-" _._.~ :,;r '';'~':~ "...·1 .. '1,~ ',' ~r' . ';.' •• ' ~.'. ~,.t"'4~~".'~'I.·\.l.l;(~'1 ')~J""I:' <,. ,>, ~~ '~:~ .. J 'r':':-:~ 

one K x=ray quantum as representing one disintegration by orbital elect~n capture, 

the branching bJr beta particle emission is around OIlL 

The short lived isomer was studied in short neutron bombardments of tantalum 
... 

and a half life of 16 ;,.. 2 minutes obtainedo This activity is formed in very low 

yield~ the saturation intensity being only about a hundredth that of the S hour 

activit Yo A rapid measurement of the aluminum absorption of the mixed activities'was 

made and the contribution of the g hour activity subtractedo The resolved aluminum 

absorption curve of the 16 minute activity (Fig& VII) shows very soft electrons, 
, . ," . . - " 

range /'"\",r20 mg/cm2 (120 Kev).9 hard electrons or beta particles,? range """""ISO mg/cm2 

(rvOo6 Mev) together with K x=ray or Y ray backgroundo The approximate ratios lof 

the radiations are 

'Since the very soft electron was not observed in the decay of the S .. O hour activity, 

it'seems unlikely that these electrons arise fram Y=r~ transitions in hafnium 

folloWing orbital electron capturep and the 16 minute activity may d~cay~ partially 

at least, by isomeric transitiono The hard particle present suggests a few percent 

branching by peta particle emission. 

Discussion 

The yields of the tantalum isotopes have been estimated for 3S9 30 and 20 Mev 

"(-Particle bombardments of lutecium.. Since the decay schemes of all but the 15.4 

day activity are obscure, the K x=radiation was used as a reference and the 

yield of the most abundant activity in each bombardment taken as Unity 0 The yields 

of the various isotopes J and the variations with bombarding energy were similar to 

those found for the production of thu1i~(2) and rhenium(6) activities by a.-particle 

(6) Go Wilkinson, He Go Hicks 3Physo Rev" (in press)o 
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bombardments of holmium and tantalum respectively~ Since lutecium has two stable 

isotopes.9 tantalum isotopes of masses 177 and 178 can be formed by both ~ and 

a,2n and a~ and a,n reactions respectiv~ly, while isotopes of masses 176 and 179 

can be formed only by Lu175-a,3n and Lu176~_n reactions respectivelyo 

The y~elds of the, 205 day, 15 .. 4 day and 120 daJr activities in 10 Mev protons 

bombarc'bnen,ts of hafnium agree with present allocationso The presence of the 8.0 

hour Ta176 is masked in this case however by simultaneous formation of the 800 

hour Ta
180

" 

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 negative 

beta particles, it seems nec~ssary to postu~ate the existence of a previously 

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

stability of this isotope has been obtained from bombardments of tantalum with 

dElUterons and protons of various energies from the 184 inch cyclotron, where careful 

e~mination of the dedays of the chemically separated tantalum fractions has shown 

no evidence for the 1504 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 day Ta179 

activities.. The 120 day Ta179, 8 .. 0 hour TalSO and 117 day TalS1 activities were ob­

served in all cases, 1;mt the 2 .. 5 day Ta177 was detected only at bombarding energies 

of 50 Mev deuterons and above.. With 50 and 60 Mev deuterons, the yield of the 15.4 

If day and 2,05 day activities should have been comparableo 

III. Tungsten Isotop~s 

The bombardment of tantalum v'll th deuterons and protons of various energies 

from the 184 inch cyclotron has led to the recognition and characterization of three 
. 181 

new radioactive isotopes of tungsten •. The 140 day W activity produced by d,211 

and ~ reactions in tantalum has been described previously. (7) 

(7) Go Wilkinson, Nature 160, 864 (1947). 
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~lis isotope was observed in bombardments of tantalum with deuterons of energy 

45 to· 60"i~~:v- and p~otons of ~ 40 to 60 Mev from the i84·l:nchcyci~tron~The:;adiation 

characteristics were best measured using the chemically separated tungsten fraction 

from a 50 Mev proton b~mbardment of tantalumo The decays of electron and electromag-

netic radiations followed separately through seven half=lives gave a value of 

l30! 3' minutes for the half=lifeo The radiations (Figo VIII) consist of electrons, 

total ranges in aluminum of 21 mg/cm2 (0,,13 Mev) and ....v'lOO mg/cm2 (004 Mev), Land 

K x=radiation and Y radiation of half thicknesses in lead of 2,,75 g/cm2 (0045 Mev) 

and 11.,7 g/cm2 (1 .. 2 Mev) 0 No positrons were observed on a simple beta ray spectro­

graph" The ratios of the various radiationsJ) corrected for counting efficiencies, etc" 

are:: 

0,,1 o 
" 0,,02 o 

c 1 <> o 0.,05 " " 

In order to characterize daughter activities of this isotopeJ) the tungsten 

fraction containing the 130 minute activity was "milked" for tantalum activities" 
~ - - . 

The tantalum fraction was found to contain only a pure 205 day activity whose decay 

was followed through ~ix half=lives and whose radiations are identical with those of 

the 2 .. 5 day Ta177 described above.. The yield of the tantalum activity in successive 

separations shows it to be the daughter of the 130 minute tungsten activit Yo No 

evidence for shorter or longer lived daugliter activities was obtainedo Allocation, 

of the 130 minute activity to mass 177 is made on the basis of recognition of the 
177 • 

2,,5 day Ta daughter activity and also from considerations of yield in bombardments 

at various energies which agree with formation by a ~ or ~ reaction" 

10 ! 1 minute W178J)9 

As the yield'of the 130 minute wl77 activity decreased with decreasing bombarding 

energy" the yield of a second new tungsten activity of half=life 30 minutes increased 
- ' 

to a maximum for both deuterons and protons of about 40 Mev" The activity has ~ot 
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been observed in bombardment of tantalum with 20 Mev deuterons~ where the ~ reaction 

would be observableJ> and hence must be due to an isotope of mass less than 180.. The 

radiation characteristics were obtained from aluminum beryllium and lead absorption 

measurem.ents.\) and consist only of tungsten or tantalum Land K x=radiation (Fig. X) .. 

No evidence was obtained for either electron or hard electromagnetic radiation and an 

upper limit of one percent of the K x=radiation can be placed for each" The ratio of 

L t.o K x-radiation was 0.25~L The decays measured through seven half=lives gave a 

value of 30 .~ 1 minutes for the half -life (Fig. IX)" The isotope may be either an 

isomer of the 21 day activity allocated to W179~ decaying by orbital electron capture, 

or an excited state of the postulated stable W173" The latter possibility is the least 

~ikelyp since no corrversion electrons or gamma r~rs were observed" 

21,,0 ! 0.2 day w179 

In the bombardments of tantalum with lower energy deuterons or protons from the 134 

inch cyclotron, the chemically separated tungsten fraction shows, after decay of 

shorter lived activities,\) an activity which decays with a 21.,0 !: 002 day hal.f-life. 

Qualitative estimates of the yields are in agreement with allocation of the activity to 

mass 179, and this allocation has been confirmed qy chemical separation of the 120 day 

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

fraction. The isotope would hence be formed by ~ and ~ reactions in tantalum .. 

The radiations consist of very soft electrons» total range"",15 mg/err?- (0 .. 1 Mev), 

electrons rangerv120 mg/cm2(Oo4 Mev) together with Land K x=radiation.Fig. Xlo The 

decay measured through seven half =1 ives 'is 21.,0 !: 0,,2 days" 
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- Decay of 8 0 0 hour Ta176(B) and 2,,5 day Ta177(A) activities~ vd,th 15 .. 4 day 
.t ,~ ~ - , .;~'. ,.:~: ;~<~~.~ "~l~! 

background (0) from I:!±. + a bombardment" 

Aluminum absorption of 800 hour Ta176 activit;)r., K x=ray and Y =ra'Jrs (A), 

e~~ctrons (B,O,D), L x-ra'Jrs (E) .. 

Decay of 205 day Ta177 (G), 1504 day Ta178(B) and .. ·,.1120 day Ta179 activities 

from Lu + 'a bombardment. 

Aluminum and lead absorptions of 2 .. 5 day Ta177 activity from Lu + ~ bombard-
- .-

mento Aluminum absorptiom "(-ray background (A), 0 .. 11 Mev electron (B) _ 

and L x""rays (0) .. Lead absorptiom 1 .. 4 Mev T-ray (AL K x=rays (B). 

Aluminu~ absorption of 15.4 day Ta178 activity from ~ bomb~dmeht. 

X and Y =ra':l background (A)" 1.3 Mev beta=particle (B)., 

Aluminum absorption of S'"O hour Ta
180 

activit;)r from 1:§. + n bombardment. 

X and Y=rays (.[\.), 007 Mev.beta particle (B) • 
. --~ --

Alumi~um absorption of 16 minute Ta180 from short Ta + n bombardment. 
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