
Plutonium chemistry and other actinides 

in aqueous solutions 

Part 1 

Actinide Familly 

philippe.moisy@cea.fr 

|  PAGE 2 

Ph. MOISY 

CEA/DEN/DMRC ; Marcoule  



Separation Sciences for Plutonium 

GT Seaborg: 6 teams of 2 or 3 researchers + researchers specialists 
microchemical for plutonium separation 

 

-Redox and fluoride precipitation 

-Redox and precipitation bismuth phosphate 

-H2O2 precipitation 

-volatile fluorides 

-fractional adsorption 

-solvent extraction 

 

End of July 1942: 150 kg of uranyl nitrate irradiated (cyclotron) ¼ mg Pu 

U(VI) extraction with ether (C2H5OC2H5), then four fractions for separation 
according to Redox way + precipitation fluoride (entrainment with LaF3) 



239PuO2 (2.77 µg) (September 10 1942) 

L.B. Werner and B.B. Cunningham 

« Room 404 » / Univ. of Chicago (August 20 1942) 



End 1942: first graphite pile by E. Fermi → massive plutonium production 
(sports stadium of the University of Chicago.) 

Construction of a second "graphite reactor" at Oak Ridge 

End 1942: B. Goldschmidt in Montreal. Missions between Montreal and 
Chicago (transfer of 4 µg Pu early 1943 to Montreal) 

 

1944: Development in Canada of a “D2O reactor” and plutonium 
separation (Chalk River). June 1944: Some U-irradiated rods transferred to 
Montreal. 

 

Mid 1945: 300 Solvent tests and selection triglygol dichloride (tri- ethylene 
glycol) (Cl-(CH2)2-O-(CH2)2-O-(CH2)2-Cl) as less volatile than Ether (C2H5-O-
C2H5) 

 

1949: 15 kg of Pu purified in Canada! 

Separation Sciences for Plutonium 



This is the period of secrecy and these are not listed! 

We speak of the element 49 (instead of 94). Code names later become 
"silver" for item 93 (neptunium) and "Cupper" to element 94 (plutonium). 

 

By analogy with the solar system, the element 93 will be named 
neptunium (first planet after Uranus) and element 94 Plutonium. 

 

Note 1: C. Tombaugh, discoverer of the planet "Pluto" hesitated to call 
Cronus (or Minerva - Roman). GT Seaborg has indicated it June 9, 1991 that 
Cronium (or Minervium) was not bad either! 

 

Note 2: AC Wahl and Seaborg GT hesitated between Plutonium (Pu) and 
Plutium (Pl) for item 94 ... 

Plutonium nomenclature 



Historic events: 1944 « Americium and Curium » 

End of 44 : in a reactor, production of 241-Am from 239-Pu,  

L. O. Morgan, R. A. James et A. Ghiorso 

 

The new elements bears a lot of similarities 

with lanthanides. Separation with ion exchange resin. 

Am and Cm are not easily oxidized to Oxidation State +VI, compare to Pu, Np 
and U.  

In Berkeley, summer 1944: 

 239Pu94  + 4He2 → 242Cm96 + 1n0 

First americium sample 
produced in 1944 on the 
60-inch Berkeley cyclotron 

Seaborg and his group at the University of California 
(Berkeley) discovered 10 actinide elements: Pu, Am, Cm, 
Bk, Cf, Es, Fm, Md, No, including element 106Sg 
(Seaborgium). A. Ghiorso 



Discovery of Am (radio Quiz le 11/11/1945) 



Theory of Actinides ? 

With the development of transuranic chemistry, soon it become clear that 
they do not fit into Mendeleev Periodic Table of Elements: 

Glenn T. Seaborg 

• What is the relation of An to lanthanides 
and other chemical elements? 

 

• What is their position in Table of 
Elements? 



Seaborg's actinide theory resulted in a redrawing of the Periodic Table of the 
Elements into its current configuration with the actinide series appearing below 
the lanthanide series. 

As a result of this concept, the transactinide and superactinide series of elements 
(Z > 103) were also properly placed within the d-block elements. 

Theory of Actinides ! 



- 6d and 7s2 are not 
present in electronic 
configurations higher 
than trivalent 
oxidation state (in 
aqueous media). 

- Am(II) and No(II) are 
stable (in non-
aqueous media) 

- Existence of Pu(VIII) ? 

- Multiple oxidation states for the An ions are due to the close proximity of the 
energy levels of the 7s, 6d, and 5f electrons 

- Oxidation states of An (particularly in the first half of the series “light actinides”) 
in solutions are more variable than those of the Ln 

Theory of Actinide: Electronic Configuration 
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U(VI) hydrolysis 



U(VI) hydrolysis 



The most well known ! 

  Uranyl nitrate [UO2(NO3)2(H2O)2].nH2O 

Only PuO2(NO3)+ known in aqueous solution  

Nitrato complexes of An(VI) 



Another important series for extraction: An(IV)(NO3)4 

In solution: Pu(NO3)n
4-n (with n = 1 - 6): CN = 12 ! 

but n=3 and 5 are never characterized in solution ! 

 

Pu(NO3)6
2- used in ion exchange resin for 

Pu purification 

M2Pu(NO3)6.2H2O 

M = Rb, Cs, NH4, Py 

Nitrato complexes of An(IV) 


