
Fission and the discovery of isotopes

http://www.gla.ac.uk/hunterian/visit/events/headline_296351_en.html

100-years of isotopes



Origin of the term isotope

http://blogs.nature.com/thescepticalchymist/2013/11/isotope-day.html

B. F. Thornton and Shawn C. Burdette, Nature Chemistry  5 (2013) 979



December 4: Isotope day



Exploration of rare isotopes

“Owing to the rapid advance in research on 

disintegration and the theory of nuclear structure, 

the existence or non-existence of rare isotopes 

has acquired an entirely unexpected importance 

and calls for a short review of their present 

situation.”

F.W. Aston,  Nature 137, 613 (1936)



Discovery project

 Important to document the history

 Contrary to common perception not easily accessible

 Comprehensive compilation is only now possible

Criteria:

 Clear identification, either through decay-curves and 

relationships to other known isotopes, particle or γ-ray spectra, 

or unique mass and Z-identification

 Publish in refereed journals

 Not as strict as dis-

covery of elements

 First observation until 

proven incorrect

http://www.nscl.msu.edu/~thoennes/isotopes/



Discovery of transuranium elements?

Nature, June 16, 1934

E. Fermi, Nobel Lecture, December 12, 1938:



Early skeptics:

The proof that the new 

radioelement has Z = 93, 

has not been established…

Angew. Chemie 47 (1934) 653

It is conceivable that… 

these nuclei decay into 

several larger pieces…



Apparent confirmation, but…

239U

Z. Phys. 106 (1937) 249

This result is hard to understand within the current understanding of nuclei.



Discovery of 140Ba

…

O. Hahn, F. Strassmann,

Naturwiss. 27 (1939) 89

OH,FS, Nw 26 (1938) 755

OH,FS, Nw 27 (1939) 11



December 22,1938:

If they correspond to 

technetium, ruthenium, 

rhodium, palladium has not 

been tested. One could not 

have thought about this earlier. 

The sum of the Ba+Ma mass 

numbers (128+101) is 239!

Naturwiss. 27 (1939) 11

As chemist we should rename 

Ra, Ac, Th to Ba, La, Ce. As 

“nuclear chemists” close to 

physics, we cannot take this 

step, because it contradicts all 

present knowledge of nuclear 

physics.



January 28, 1939: Discovery of 140Ba

Conclusive proof for 

the formation of barium 

from uranium

Meitner and Frisch were 

first with the explanation!



May 11, 1939: Discovery of 127Sb and 129Sb

P. Abelson, Phys. Rev. 55 (1939) 876



Neutron fission in reactors

Clinton Pile 

(ORNL)

Los Alamos 

homogeneous 

pile

Chicago 

Pile-3 

National Nuclear Energy Series



World War II



Classified research

Neptunium and plutonium:

These first two transuranium elements were referred to simply as 

“element 93” and “element 94” or by code names, …

Throughout 1941, element 94 was referred to by the code name of 

“copper”, which was satisfactory until it was necessary to introduce 

the element copper into some of the experiments. This posed the 

problem of distinguishing between the two. 

For a while, the plutonium was referred to as “copper” and the real 

copper as “honest-to-God copper.”

“The elements beyond uranium”, 

G.T. Seaborg and W.D. Loveland (Wiley1990)



Different times

D.R. Corson et al., Phys. Rev. 57 (1940) 459



…more relaxed!!!

S. Ruben et al., Phys. Rev. 59 (1941) 349



1951: Discovery of 90Kr, 90Rb and 91Rb

O. Kofoed-Hansen and K.O. Nielsen, Phys. Rev. 82 (1951) 86

First application of ISOL



1979: Discovery of 148-152Cs

H. Ravn, Phys. Rep. 54 (1979) 201

Fission of 238U with

high-energy protons 

at CERN-ISOLDE



1994: Discovery of 86Ge, 88,89As, 90Se, …

M. Bernas et al., Phys. Lett. B 331 (1994) 19

~60 new isotopes discovered



2012: Discovery of 155Pr and 157Nd

Spontaneous fission of 
252Cf at CARIBU

Limit of known isotopes



2013: Discovery of 131Ag

We report on the first observation of 

the neutron-rich nucleus 131Ag. This 

isotope was produced via 

fragmentation reactions of intense 

secondary radioactive ion beams, 

including 134,135Sn. The secondary 

beams were produced from induced 

fission reactions from a stable 238U 

beam at 345 MeV/nucleon. 



Methods

- Stable and naturally 

occurring radioactive 

isotopes

- Light-particle reactions

- Neutron reactions

- Fusion-evaporation

- Fragmentation/spallation



Slid 24

Timeline Moviehttp://www.nscl.msu.edu/~thoennes/isotopes 



Fission

Fission       

spont. fission 32

p/d-fission 50

n-fission 245

spall. fission 23

in-flight fission 216

total 566

About ~20% of all isotopes were 

discovered in fission reactions 



Countries

…

19. Australia 2

India 2

Norway 2

22. Brazil 1

Hungary 1

New Zealand  1

Poland 1

25 different countries



191Ir and 193Ir



Laboratories



Top 10 authors

First Authors:

F. W. Aston  207  

M. Bernas 110  

J. Kurcewicz 60

Yu. Ts. Oganessian 50  

T. Ohnishi  49  

H. Alvarez-Pol  39  

K. S. Toth 37

S. Hofmann  36  

A. J. Dempster 36 

D. Guillemaud-Mueller       35  

Any Authors:

H. Geissel   273  

M. Pfützner 225

G. Münzenberg 218  

F. W. Aston   207  

P. Armbruster 203  

M. Bernas 164  

K. Sümmerer 154  

A. Heinz   147  

T. Kubo 138  

D. Bazin 137

Weighted Authors:

F. W. Aston  206.0  

A. J. Dempster 36.0  

G. T. Seaborg   33.8  

A. Ghiorso 31.2  

A. Siivola 25.5  

E. K. Hyde  25.3  

G. Wilkinson   24.5  

M. L. Pool  21.3  

R. D. MacFarlane   19.5  

P. Armbruster 16.9 



Some more random statistics

3518   Different authors

1524   Papers

897 Different first authors

Most first authors: Aston 207

Most author: Geissel 273

Most isotopes/paper: Kurcewicz 60

Most authors/paper: Khuyagbaatar 70

Most authors/isotope: Khuyagbaatar 70

Most isotopes/author/paper: Aston 16



Discoveries per year

Radio-

activity

Mass 

spectroscopy

First accelerators

Projectile

fragmentationWWII

Fusion evaporation   

Reactors

M. T. and B.M. Sherrill, Nature 473 (2011) 25



Nature news and trendwatch

doi:10.1038/news.2011.571

Nature 478 (2011) 161



Leading laboratories

M. T., Nuclear Physics News 22, No.3, 19 (2012)



Leading countries

M. T., Nuclear Physics News 22, No.3, 19 (2012)



How many more nuclides are there?

7000 bound nuclide should exist   (Erler et al.,Nature 486 (2012)  509)



Nuclide discovery



How can new nuclides be discovered?



New fragmentation facilities



FRIB: Facility for Rare Isotope Beams

New Construction

 FRIB is located on the campus of Michigan State University and funded 

by the U.S. Department of Energy

 MSU selected to design and 

establish FRIB in December 

2008

 Project started 

in June 2009



New accelerator and present 
experimental areas



FRIB project is on track

 Ground breaking: March 17, 2014

 Early completion expected in 2020

 Official project completion is 2022



Ground breaking

Web cams at: www.frib.msu.edu

March 13, 2014 –12ºC May 5, 2014 



New nuclides with FRIB

~80% of all 

isotopes for Z<92



Summary

 About 20% of all isotopes were discovered from fission

 Projectile fission is the most promising method to discover 

a large number of neutron-rich isotopes in the future


