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Overall research goals 
The program’s central objective is to perform basic experimental research to provide information 
for the overall understanding of the underlying science, properties and behavior of actinides.  
Gas-phase actinide ion chemistry is a valuable approach for obtaining such fundamental 
information and insights.  These studies focus on experimental molecular actinide chemistry, but 
also provide a basis to develop and validate theoretical concepts of actinide chemistry.  An 
underlying theme is the role of the 5f electrons/orbitals in molecular chemistry. 
 
Selected recent accomplishments 
 
• Gas-phase actinide ion reactions have revealed new transcurium organometallic chemistry.3 

• Ionization energies of AnO2 (An = Np, Pu, Am) were determined by electron transfer.1,8 

Substantial corrections to previously available values.10 
 

a Ref. 9—photoionization  
b This project—electron transfer1,8 

c Ref. 10—electron impact 
 

• Synthesis and characterization of bare actinyls:  UO2
2+(g), NpO2

2+(g), PuO2
2+(g).2  

 Determined AnO2
2+ hydration enthalpies of ca. -1670 kJ mol-1 (same as from DFT11). 

• Assessment of bonding in monoxides indicated a requirement for two metal d-electrons at the 
 actinide metal center.6  
 

 IE[AnO2] / eV 
U 6.13a 5.5±0.5c 

Np 6.33±0.18b 5.0±0.5c 

Pu 7.02±0.12b 9.4±0.5c 

Am 7.23±0.15b - 
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Selected objectives for 2005-2006 
• Study the oxidation chemistry of Pa+ and Pa2+, and determine bond energies and ionization 
 energies of Pa oxides.  Examine organometallic reactions of bare and oxo-ligated Pa ions. 
• Determine ionization energies of UF2 and UF3, and the reactivities of UF2

+ and  UF3
+.  These 

 fluorides are of particular interest for comparison with uranium oxides. 
• Systematic examinations of reactions of An2+ with organic molecules (An = Th through Cm). 
• Perform electrospray ionization mass spectrometry studies with transuranics to explore actinide 
 solution speciation and gas-phase complexation. 
• Carry out the first quantitative studies of gas-phase curium ion chemistry by FTICR-MS.  
 Establish thermodynamics of molecular curium oxides. 
• Explore comparative chemistries of particular ligated actinide ions to experimentally probe the 
 concept of “autogenic isolobality”.12 
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