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Confirmation of Covalent Bonding in α-Pu
Scientific Achievement
Scientists uncover joint experimental and theoretical evidence of 
covalent bonding in α-plutonium (α-Pu) for the first time. 
Significance and Impact
Atomistically understanding how different types of bonding 
influence Pu allotrope behaviors could reshape how these 
materials are used for nuclear energy applications, like batteries 
and reactors.
Research Details
•  Density functional theory and pair distribution functions obtained 

from X-ray diffraction was used to study the bonding behavior in α-Pu.
•  First experimental and theoretical description of local bonding 

behavior for α-Pu revealed covalent bonds.
• Short bond distances have a directional, covalent-like nature, while 

longer bonds have a more metallic character.
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The charge structure of α-Pu. (Left) The 
charge density in the atomic plane shows 
distinct signatures of bonding exist between 
neighboring atoms at short bond lengths. 
(Right) The charge density on the interatomic 
plane shows less charge between neighboring 
atoms. 
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