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Beta-Particle-Orbital Electron Capture Branching and 

"MissinG 11 Beta Stable Isotopes 

Geoffrey Wilkinson 

ladiation Laboratory and Department of Chemistry 
University of California~ Berkeley, California 

ABST:ACT 

A consideration of hard negative electrons emitted by several 

radioactive isotopes of the heavier elements of odd atomic number 

and even mass number, has 1od to the conclusion that negative beta-

particle-orbital electron capture br:mchin.::; occurs in theso 

isoto)es. This in turn has led to the postulation of unreported 

beta-stable isotopes of several elements of ev.Jn atomic number. 

For Declassification 
February 14, 1949 
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Bet a-Parti.c 1 e-Orbi tal :S'lectron Captm:.,e Branching and 
"Tiissing" Beta Stable Isotopes 

Geoffrey Wilkinson 

Radiation Laboratory and Department of Chemistry 
University of California, Berkeley, California 

The existence of 11 missing" stable, even z, even A isotopes of 

the heavier elements has been discussed often by many in considera

tion of the stability of isotopes.(l) Such isotopes may be beta 

{1)· · cfe· T. P. Kohman, Phys. Rev. 73, 16 (1948) • 

stable and ei ther• of zer•o a'ounc1ance, 01., present in nature in such 

1: low abunc1 ance as to be undetected by present techniques of mass 

spectrometry; that further isotopes may be found with improved 
156 ( 2 ) 

techniques is shown by the recent discovery of Dy • Since 

{2) D. c. Hess,Jr., 1'1. G. Inghram, Phys. ::i.ev. 74, 1724 (1948). 

eleme11ts above the middle of the periodic table are, on the average, 

energetically unstable to a-pE',l"ticle emission, some of the isoto9es 

may be a-unstable with cosmolo8ically short life times and may be 
( 1, 3) 

missing in nature for this reason. Indir0ct evidence has 

(3) · T. P. Kohman, US AEC Declassified Document A~CD-2060. 

now been obtained in this laboratory for the existence of several 

unreported beta stable isotopes. 
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A 15'•4-day tantalum activity , now unquestionably allocated 

G.· \"Ji lkinson, H. G. Hie ks, 0 hy.s Rev 74 · 17-33· ( J 948) · 
J. • ! • -' - e 

to mass 178 on the basis of the yi~ld of the Lu-~ reaction at 

various energies of bombarding a -particles, was found to decay 

almost enti:"ely by negative beta-particle emission. The postulation 

of a beta stable tungsten isotope of mass 178 therefore followed. 

Additional evidence was obtained from bombardments of tantalum wJ.th 

40, 50, 60 and 200 Mev deuterons from the 184-inch cyclotron; the 

presence of the 15.4 day Ta178 was not detected in decays of the 

tantalum fractions and an upper limit of 10-3 can be oet for the 

yield of this isotope in comparison with yields of Ta177 and Tal 79 . 

A consideration of hard negative electron emission observed in 

other neutron deficient isotopes of odd z, even A, decaying pre-

dominantly by or•bital electron capture, has led to the conclusion 

that beta particle branchinc; occurs in the following rac1 ioactive 

156 162 164 166 168 174 178 180 
isoto ;_Je s: Tb , Ho , Ho , Tm , Tm , Lu , Ta , Ta , 

Re
182

, Re 124 , Ir190, AulG4, Au196 and possibly Tb
154

, Lu
170

,Lu
172

, 

Ta176, Au192 • Several of the new radioactive isotopes have been 

b . -"'1 -'1 'bd( 4 ' 5 ) h"l dt"l ft' d. t' h t. r1ei y uescr1 e , w 1 e e a1 s o ne ra J..a 1on c arac er•1s-

(5) G. V\filkinson, Phys. Rev. 73, 252 (1948). 

tics, mass allocation, etc. of some of these will be published 
( 6' 7) 

shortly ; data on other new radioactive isotopes ;·rill be 

( E ) 

( 7 ) 

G. 1ili lkins on, "Radioac t :L ve I sot opes of Pt. and Au 11 , Phys. Rev. 
(April 1, 1949). 
G. Wilkinson, H •. G. Hicl{s, 11 Radioactive Isotoryes of· the Rare 
':'":arth Isotopes, Part I. Thulium Isoto)es" , Phys .Rev. (I'1ay 1, 1949). 

---------
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published subsequently. Beta particle branching might have been 

expected to occur in some of these isoto)es, being, as they are, 
196 184 '' shielded" by known stable isotopes,· indeed, for Au and Re , 

beta-particle emission has been previously recognized by other 
( 8) 

workers. However, in the remaining cases, beta-particle branch-

~(8}G. T. Seaborg·and·I. Perlman, Rev. Mod. Phys. g_Q, 585 (1948). 

---- -------
ing also occurs, and the existence of the following beta stable 

isotopes must therefo:;:'e be postulated - Yb
166

, wl73, os 182 , Pt
190

, 

Hgl94, and possibly Dyl 54 , Hf170, Hf 172 , w176
, and Hgl 92. The 

evidence may be summarized as follows: 

(1) Radioactive isotopes of odd Z, even A, which could decay 

by negative beta-particle emission to kno~m, or "missing" stable 

isotopes have been found to emit hard electrons 1aho se aluminum 

absorption is that of a beta-particle, and whose energy distribu-

tion· on a crude beta-ray s:~ectr•ograph appears to be continuous 

with a well defined maximum energy. 

(2) The energies of the hard electrons observed do not corres-

pond with those to be expected from conversicm of gamma radiation 

present. The conversion coefficient for hard gamma radiation to 

give the high electron enerc.;ies observed would be very unusual 

indeed. 

(3) No hard electrons have been observed in li0ht rac~ioactive 

isotopes of odd Z, odd A, heavier and lighter by one mass unit 

than those showing such hard electrons, although high intensities 

of hard gamma radiation were present in many cases. 
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(4) In general, the ratio of beta-particle to electron capture 

branching in elements whe:ec two or more 11 shielded" isoto;Jes are 

known, e.g., holmium, or are.possible, e.g., thulium, decreases 

considerably with decreasinG mass number. 

(5) The observed beta-particle emission in the nuclei where 
166 178 194 0 

11 missing 11 isotopes would be formed e.g., Tm , Ta , Au ~s 

similar to that in nuclei where the stable daughter nucleus is 

k to Hol62. Rel84. noV'm, e.g., , , 196 Au ,etc. 

(6) The number of examples of beta branchine in nuclei in 

analosous positions no~ observed, provides in itself reliable evi-

dence for the present postulates. 

It should be noted that soft beta-particles of ener£y less than 

..........,0,3 Mev, would not be recognized as such '.:ith the present experi-

mental techniques, and further, thnt beta-particle emltting isomers· 

possibly of shar t half-life may exist in ad('ition to the isoto;_)es 

already found. 

In the case of Ptl90, a lower limit for the half-life for decay 
( 6 ) 

by orbital electron capture was set at '·5000 years, since 

no evidence of the d, 3n reaction YTas observed in the bombardment of 

iridium with 19 Mev deuterons. F 'Om an examination of new data 
( 9 ) 

obtained in this laboratory on the decay of tho radioactive 

(9) T. c·. Chu, private communication. 

-·------
( 10) 0 

isotope Irl90 sketchily reported prev~ously, a beta-particle 

----~----

(10)· L. J. Goodman, M. L. Pool, Phys. Rev. 71, 288 (1947). 

-----------------------------------
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of maximum energy 0.6 Mev was founr:. in ar".dition to conversion 

electrons, x-rays and gamma radiation. Beta-particle branchint; to 

the missing Pt190 was therefore established. 

In View of present data, it is not unreasonable to postulate 

the existence of beta-stable isoto)es, ool50, Pb202 (ll) an0. 

( ll )Experimental evidence fi•om the work of Templeton, Perlman and 
Hovrland of this laboratory, shows a m:mir:1um half-life of about 
a hundred years for Pb202, 

possibly lighter, even z, even A isotopes of elements now dis-

cussed; evidence for thei~ existence may be obta~ned from beta

particle branchil1S of the appropriate radioactive isotope. The 

12-cay Tl202 isotope, which has been poorly investigated may well 

show br:ta-particlc branching for exam)le o It should be also pointed 

out that some of the "missing" nuclei here postulated approach or 

may be within the region of a-pe.1 ... ticle instability; with increasing 

neut1.;on deficit, instability both to a-emission and to decay by 

orbital electron capture will increaseo Some of the 11 missing 11 

isotopes do indeed form possible a disintegration chains ending in 

known stable nuclei, e .• g., 

H.gl94 ~- Ptl90_.- 186(l. 9 , ) ~ , Os . . . • 5. ~1 abu;n.d.ance 

osl82 ~ wl?B ~ Hf 172 --;;;. Ybl66 ~ Er162 (0.l~; abundanre) 

There seems also no reason to suppose that neutron excess beta 

stable nuclei, as yet unreported, do not exist, and that evidence 

for these may be obtained from orbital electron capture brr.nching; 

it is, however, more difficult to make neutron excess isotopes than 

neutron deficient isotopes. 
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Detection of beta-stai)le, possibly a-ac,tive J..sotopes of the 

even Z elements is possible by eithGr a) sepa:eation of lic;ht frac-

~ · tions by the usual methods of isoto,e separation, with detection by 

radioactivity measurement or by ma~s spectrometry - this method· 

would be ;;articularly feasible for tuncsten, which has a volatile 

fluoride, o:;:" b) bombardments of odcl. Z elements with hi,sh ener~y 

protons or deuterons. - the most profitable cases from the experimen-

tal po5.nt of view are those of tants.lum, iridium, gold and europium, 

A long bor:1barc!Jnent of iridium I'Tith 19 Hev deuterons lS now being 

made to produce Pt190 by the d, 3n reaction. 

The author Vlishes to express his appreciation to Professor G. 

T. Seaborg and his collea.:.;ues for helpful discussions, and to 

l"'r. H. G. Hicks for able assistance in expel"imental work on new 

radioactive isoto)eSo 

This vwrk was performed under tho auspices of the Atomic :g;nergy 

Commission. 

Feb. J.L1, 1949 


