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Exchanges of protons: O-H RDF for OH- and OH2  

in the first coordination sphere of La(OH)3(OH2)4 
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Linear correlations for complexing constants of actinoids 
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ROO2- basic and  

complexing strenghts 

Capdevila, et al. J. Radioanal. Nucl. Chem. (1990) 403 

Capdevila, et al. Radiochim. Acta. (1996) 93 

Capdevila, et al. Czech. J. Phys. (1999) 603 

Phrommavanh, et al. Migration'05, Vitorge et al. C.R.Acad.Sci. 

Chim. (2007) 978. See also Carbonaro et al. Geochim. 

Cosmochim. (2011) 2499 and Ref.s therin for similar correlations 
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z 

PuO2(s) + 4 H+  Pu4+ + 2 H2O 

HClO4  H+ + ClO4
- 

(Pr3+,ClO4
-) /3 

a(H2O in Na+,ClO4
-) 

Non-ideality: 

Activity coefficients () in aqueous solution (Debye Hückel) 

Surface complexation formula (Helmholtz Gouy Chapman Stern) 

both based on Boltzmann Poisson equation 

C.Riglet et al. Radiochim. Acta (1989) 85 

H.Capdevila et al. Radiochim. Acta (1992) 45 

H.Capdevila et al. Radiochim. Acta (1995) 51 

H.Capdevila et al. Radiochim. Acta (1998) 11 

P.Vitorge et al.XXXIX Congreso Mexicano de  

    Quimica (2004) Mérida, Yucatán (Mexico) 

P.Vitorge et al. Actualité Chim. (2005), 285-6, 52 

 SIT formula 

rlg I + rzi
2 D = rI,j mj 

C.Alliot et al.  

Radiochim. Acta. (2005) 435 

J.Soriano, et al. J.RadioAnal.  

Nuclear. Chem (2011) 645 

z 

 

z 

 

z 
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Solid solutions or mixtures,  

2 equivalent thermodynamic approaches. 

The (set of 2) equations are known for the simplest ABb(1-x)Ccx solid solution 

 No extra thermodynamic formula is needed, they can equivalently be written: 
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b = -zB/zA  and 

c = -zc/zA for electro-neutrality. 

Upperlined species are in the mixture. 

P.Vitorge (2008)  

CEA-R-6193  
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Is the product more stable when rG  < 0? 

log10K rG (kJ.mol-1) 

UO2
2+(aq) + H2O(l)   UO2OH+(aq) + H+(aq)  -5.25  +30.0 

UO2
2+(aq) + HO-(aq)  UO2OH+(aq)  +8.75  -50.0 
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UO2
2+ H2O HO- 
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Mendeleïev 
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UO2OH(H2O)2
+ + H2O  UO2OH(H2O)3

+ 
Comparing DFT calculations with mass spectrometry results 

In the mass spectometer [03GRE/GIA] : 

RT ln10 lg P(H2O/atm)  = -5.71 x 8.74 = -50 kJ.mol-1 

 

Interpreting mass spectra : k / k = K  

RT ln10 lg K   = -5.71 x 9.75 = -56 kJ.mol-1 

 

DFT calculations 

RT ln10 lg P(H2O/atm) = -5.71 x 11.40 = -65 kJ.mol-1 

rG(kJ.mol-1) = -R T ln K 
assuming thermal equilibrium was achieved... 

P(H2O)1/2
 = 

1

K
 = 

[UO2OH(H2O)2
+
]

[UO2OH(H2O)3
+
]
 PH2O 

25°C, 1atm. B3LYP 

Pierre Vitorge, Colin Marsden 
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