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1. Introduction 
 

Nuclear power industries are on the concern over 
the management of irradiating nuclear fuels in long-
term safety assessment of the waste management. 
Liquid waste from the radioactive waste management 
contains highly toxic actinides including plutonium, 
americium, and uranium which are needed to be 
extracted thoroughly before contaminating the nature 
and environment. Research has been focused on the 
fate of various radioactive actinides in environmental 
chemistry in order to manage and remediate 
contaminated sites [1, 2]. Since most experimental 
researches with those actinides have technical 
difficulties in dealing with, theoretical researches 
have been considered as the supporting and/or 
alternative methods for understanding the actinide 
chemistry in conjunction with exponentially 
increasing calculation capacity despite its relatively 
initial stage of study [3]. 

Especially, density functional theory (DFT) study 
can provide valuable information on the molecular 
level structure, investigating the various properties of 
molecules, and even designing new organic ligands 
for actinide detection or extraction [4]. 

Herein, I will introduce several interesting theoretical 
results with several actinide complexes. 
 

2. Quantum Calculation on Actinides 
 

2.1 Half-sandwich Structure With Yb 

 
After synthesizing uranocene, several actinides 

and lanthanides with sandwich and half-sandwich 
structures have been highlighted in the heavy metal 
ion structure study[5]. After theoretical investigating 
several heavy metal ion- ligand complexes including 
Yb(III)-C7(C8) stable half sandwich, several 
interesting structural properties were successfully 
analyzed.  

 
Fig. 1. Optimized half sandwich structures of Yb(III)-

C7(C8). 
 
2.2 Pu(III) and Pu(IV) Chloro Complexes 
 

To understand the structures of Pu(III) and Pu(IV) 
in molten salt, quantum calculations on the 
plutonium chloro complexes were performed. 
Moreover, the NPA and QTAIM studies were 
harnessed for unveiling the electron structure of the 
complexes, which provide the electronic properties in 
bonding and NMR characteristics [6].    

 

 
Fig. 2. Optimized structures of Pu(III, IV) chloro 

complexes. 
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2.3 Hydrolyzed Pu(III) and Pu(IV) Complexes 

 
Plutonium chlorides in pyroprocessing molten salt 

can be hydrolyzed by water. Early detection and 
monitoring those reactions are highly important not 
only because of safety requirements but also because 
of its environmental issues. Therefore, possible 
reaction products from Pu(III)/Pu(IV) chlorides by 
water were investigated by DFT study. 

 

 
Fig. 3. Theoretically studied structures of hydrolyzed 

Pu(III, IV) chloro complexes. 
 

2.4 U(IV)-PNPP Complex in Water 

 
The DFT study on the complexation between U(IV) 

and PNPP was carried  out in order to investigate 
important chemical properties of the U(IV)-PNPP 
complex in water including their stable structures, 
spin state, and infrared spectra. 

 

 
 

Fig. 4. Optimized structures of U(IV)-PNPP complex in 
water and energies of possible spin states in each complex. 
 
2.5 Am(III)-Oxalate Complex in Water 

 
Structures and bonding properties Am(III)-Oxalate 

complex were predicted by DFT calculations and 
several thermodynamic properties were analyzed. 
 

 
Fig. 5. Theoretically relaxed structures of Am(III)-Ox 

complexes in water. 
 

3. Conclusion 
 

Herein, theoretical studies were performed on 
various actinide complex structures. The analyses 
after extensive quantum calculations can provide 
valuable information both for confirming the 
experimental data and predicting the properties of 
actinides before/after the experiments. 
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