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Scope of the TRLFS study
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Luminescent ions of Ln and An 
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Excitation spectrum 
Emission spectrum 
Lifetime ⇨  Determination of Hydration Number NH2O 
  ⇨ 　Characterization of Chemical Species 
  ⇨ 　Direct Comparison of 5f- vs. 4f-elements

TRLFS data

⇒
⇒
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kobs(H2O) = kF + Skinr + kH2O•cH2O 

kobs(D2O) = kF + Skinr 
 kF : emission 

 kinr : quenching by ligand, etc. 

 kH2O: quenching by H2O 

 cH2O: mole fraction of H2O 

NH2O = A [kobs(H2O) - kobs(D2O)] 
 kobs(H2O) >> kobs(D2O) = constant 

NH2O = A•kobs(H2O) - B 

 
Am, Cm / Nd, Sm, Eu, Tb, Dy ...
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NH2O=0.612 kobs(Cm) - 0.48
NH2O=1.05 kobs(Eu) - 0.44

N
H

2O

Calibration of kobs vs. NH2O for Cm(III)

Comparison of DE among Ln(III) and Cm(III)
Eu(1.22x104 cm-1)
Gd(3.20x104 cm-1)   ⇔ Cm(1.68x104 cm-1)
Tb(1.48x104 cm-1)

NH2O=0.65kobs(Cm) - 0.88
NH2O=1.07kobs(Eu) - 0.62

J. Alloys Compd., 213/214, 313 (1994).
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Spectroscopic characteristics of Cm(III)
Species Excitation Emission     Lifetime NH2Oa

(nm) (nm) (µs)
Cm3+ 375.4, 381.3, 396.5 593.8 65±2 9.1±0.3

Cm(OH)2+ 376.0, 381.6, 397.5 598.8 72±2 8.2±0.3

Cm(OH)2
+ 377.4, 384.2, 399.2 603.5 81±10 7.3±1.1

Cm(CO3)+ 376.5, 382.5, 397.5 598.0 85±4 6.8±0.4

Cm(CO3)2
- 377.5, 384.5, 398.9 605.9 105±5 5.3±0.3

Cm(CO3)3
3- 377.5, 384.1, 399.9 607.6 215±6 2.1±0.1

Cm humate 376, 383, 398 601 72±5(80%) 8.2±0.7
145(20%) 3.6

Cm fulvate 374, 382, 398.5 600.3 70±5(80%) 8.4±0.7
142(20%) 3.7

aNH2O=0.65kobs(ms-1) - 0.88 Radiochim. Acta, 72, 61 (1996).
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Calibration relations 
NH2O= 6.12x10-4 kobs(Cm) - 0.48 

NH2O= 4.03x10-3 kobs(Tb) - 0.87 

NH2O= 1.05x10-3 kobs(Eu) - 0.44 

NH2O= 2.54x10-5 kobs(Sm) - 0.37 

NH2O= 2.11x10-5 kobs(Dy) - 0.60 

NH2O= 3.58x10-7 kobs(Nd) - 1.97 

NH2O= 2.56x10-7 kobs(Am) - 1.43

Linear relation of kobs - H2O % 

NH2O in H2O
Correlation of kobs - NH2O 

NH2O=A.kobs(s-1)-B⇨
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⇒
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Complexes with aminopolycarboxylates
J. Alloys Compd., 271-273, 867 (1998).

Ibid., 275-277, 806 (1998).
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     Am(III)      Cm(III)       
Ligand     CNL  NH2O CNT     NH2O CNT  
 
NTA   4  6.5  10.5 6.3  10.3    
HEDTA  5-6  5.1  10.6 4.3    9.8      
ENDADP 6  4.9  10.9 ---     ---  
EDTA  6  4.8   10.8 3.9    9.9  
PDTA  6  4.8  10.8 ---     ---  
CDTA  6  7.3  13.3* 3.9    9.9  
DTPA  7-8  3.1  10.6 1.9    9.4  
EGTA  8  3.0  11.0 ---     ---  
TTHA  8-9  1.6  10.1 0.9    9.4  
av. CNT      10.7     9.8 

Average numbers of hydration number NH2O, ligand 
coordination number CNL, and total coordination number 
CNT for actinide(III) complexes (CNT=CNL+NH2O)

CNT: Am(III), Cm(III), Nd(III), Sm(III) > Eu(III), Tb(III), Dy(III)

      CNT 

Am(III)  10.7±0.3 

Cm(III)   9.8±0.3 

Nd(III)    9.9±0.3 

Sm(III)  10.2±0.5 

Eu(III)    8.9±0.2 

Tb(III)    8.6±0.4 

Dy(III)    9.1±0.2

Evaluation of CNT of An(III) and Ln(III)



13

Applications of the hydration study 

-Hydration number of Ln(III) in concentrated aqueous salt solution in 
fluid and frozen states 

- Solvation of An(III) and Ln(III) in non-aqueous and  binary mixed 
solvents

- Hydration states of Cm(III) and Eu(III) in solution and in cation 
exchange resin

- Hydration states of Ln(III) and Cm(III) in the complexes extracted with 
Cyanex301, Cyanex302 and Cyanex272

- Direct observation of Cm(III)-fulvate species on fulvic acid-
montmorillonite hybrid 

- Sorption behavior of Eu(III) and Cm(III) on the cell surfaces of 
microorganisms



Lifetimes(µs) in pure solvents
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Radiochim. Acta, 89, 125 (2001).



Quenching and Isotope effects
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Xs

N H
2O

Apparent hydration number
What kind of solvent is a close friend  

with An(III) and Ln(III)？ 

⇩  

Evaluation of preferential solvation by 
luminescence lifetime measurement 

Xs:  Mole fraction in the bulk solution 

NH2O: Apparent hydration number 

Ls:  Mole fraction in the first coordination 

 sphere 
 kmix=Lwkw+Lsks, Lw+Ls=1 

 Ls=(kw-kmix)/(kw-ks) 

Ps:  Degree of preferential solvation 

 Ps=(Ls/Lw)/(Xs/Xw)
MeOH acts as a quencher of the ions with about half 
efficiency of H2O, while DMF and DMSO do not. 

Preferential solvation in mixed solvents
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Ls vs. Xs and Ps vs. Xs
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Separation of An(III) and Ln(III)
J. Alloys Compd., 271-273, 719 (1998).

Resin: AG 50WX8 (Bio-Rad Lab., Inc.)
Functional group: -SO3

-

Matrix: styrene divinylbenzonate
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Hydration states of Cm(III) and Eu(III)
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Sorption on organic- 
 inorganic hybrid 
 
Important process  
 for metal ion behavior 
 
 
The chemical-state ?   
Organic or inorganic ?Clay minerals 

Silicate 
Iron oxide

Metal ion

OH-,CO3
2-

Organic-Inorganic  
hybrid

COOH

COOH
HOOC

Complexation

Ion-exchange, sorption

Inorganic complex

Free ion

Schematic figure on various factors affecting 
environmental behavior of metal ions.

COOHCOOH
COOH

Complexation  
with humic  
substances

Aqueous phase

Solid/Colloidal 
 phase

Cm(III) on fulvic acid-montmorillonite
Geochim. Cosmochim. Acta, 66, 1 (2002).
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Emission spectra of Cm(III)
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Lifetimes of Cm(III)
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Cm(III) species in ternary system
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1. The inner-sphere hydration number NH2O of An(III) 
[An=Am, Cm] and Ln(III)[Ln=Nd, Sm, Eu, Tb, Dy] can 
directly be determined by the luminescence lifetime 
measurement.

2. The determination of NH2O makes it possible to 
characterize the chemical species of the f-elements in 
solution, in solid, and at their interface with higher 
sensitivity and selectivity.

3.  This is one of the most promising methods to compare 
directly the hydration states of An(III) and Ln(III), which 
can be applied to study the coordination and separation 
chemistry. 

Conclusion
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