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Heavy elements - Np synthesis 

• Neptunium was the first synthetic transuranium element of the 
actinide series discovered 

 isotope 239Np was produced by McMillan and Abelson in 
1940 at Berkeley, California 

 bombarding uranium with cyclotron-produced neutrons 


238U(n,g)239U, beta decay of 239U to 239Np (t1/2=2.36 days) 

 Chemical properties unclear at time of discovery 

 Actinide elements not in current location 

 In group with W 

• Chemical studies showed similar properties to U 

• First evidence of 5f shell 

• Macroscopic amounts  


237Np 


238U(n,2n)237U 

* Beta decay of 237U 

 10 microgram 
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Heavy elements - Pu synthesis 
• Plutonium was the second transuranium element of the actinide 

series to be discovered 

 The isotope 238Pu was produced in 1940 by Seaborg, 
McMillan, Kennedy, and Wahl  

 deuteron bombardment of U in the 60-inch cyclotron at 
Berkeley, California 


238U(2H, 2n)238Np 

* Beta decay of 238Np to 238Pu 

 Oxidation of produced Pu showed chemically different 

• 239Pu produced in 1941 

 Uranyl nitrate in paraffin block behind Be target bombarded 
with deuterium  

 Separation with fluorides and extraction with diethylether 

 Eventually showed isotope undergoes slow neutron fission  
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Heavy elements - Am and Cm discovery 

• Problems with identification due to chemical 
differences with lower actinides 

 Trivalent oxidation state 

• 239Pu(4He,n)242Cm 

 Chemical separation from Pu 

 Identification of 238Pu daughter from 
alpha decay 

• Am from 239Pu in reactor 

 Also formed 242Cm 

• Difficulties in separating Am from Cm and 
from lanthanide fission products 
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Heavy elements - Bk and Cf discovery 

• Required Am and Cm as targets 

 Needed to produce theses isotopes in sufficient 
quantities  

Milligrams 

 Am from neutron reaction with Pu 

 Cm from neutron reaction with Am 

• 241Am(4He,2n)243Bk 

 Cation exchange separation 

• 242Cm(4He,n)245Cf 

 Anion exchange 
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Heavy elements - Einsteinium and Fermium  

• Debris from Mike test 

 1st thermonuclear test 

• New isotopes of Pu 

 244 and 246 

Successive neutron capture of 238U  

 Correlation of log yield versus atomic mass 

• Evidence for production of transcalifornium isotopes 

 Heavy U isotopes followed by beta decay 

• Ion exchange used to demonstrate new isotopes 
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Heavy elements - Md and No discovery 

• 1st atom-at-a-time chemistry 


253Es(4H,n)256Md 

• Required high degree of chemical separation 

• Use catcher foil 

 Recoil of product onto foil 

 Dissolved Au foil, then ion exchange 

• No controversy 

 Expected to have trivalent chemistry 

 1st attempt could not be reproduced 

Showed divalent oxidation state 


246Cm(12C,4n)254No 

Alpha decay from 254No 

 Identification of 250Fm daughter using ion 
exchange 
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Heavy elements - Lr discovery 

• 249, 250, 251Cf bombarded with 10,11B 

• New isotope with 8.6 MeV, 6 second half life 

 Identified at 258Lr 
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Superheavy Elemens - Why Study? 

• Test validity of the Extrapolations of the  

Periodic Table 

• Determine the Influence of Relativistic Effects 

on Chemical Properties  

• Help to Predict the Chemical Properties of the 

Heavier Elements 

• Determine Nuclear Properties of the Heaviest 

Elements 
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Superheavy Elemens - Stability? 

sea of instability 
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