
O3_11 

ATALANTE 2008 Montpellier (France) May 19-22, 2008 1 

Task-specific ionic liquids for An and Ln extraction: unusual speciation and extraction mechanisms 
 

Isabelle Billard, Emilie Jobin, Ali Ouadi, Clotilde Gaillard 
 

IPHC-DRS, Chimie nucléaire, 23 rue du Loess, BP28, 67037 Strasbourg cedex 2, France. 
isabelle.billard@ires.in2p3.fr 

 
 
Abstract – Extraction mechanisms of uranium by TBP diluted in an ionic liquid BumimTf2N and by Task-
Specific Ionic Liquids (TSILs) bearing a phosphoryl group were investigated. Great differences between 
these mechanisms and the one in the industrial solvent, dodecane, have been put in evidence. While in 
dodecane, the neutral species, UO2(NO3)2(TBP)2, is the major extracted complex, in BumimTf2N and TSILs, 
at least two species are extracted with more or less similar proportions. Moreover, no uranyl species with 
two nitrates could be observed in these ionic liquids. Finally, the mechanisms vary from TBP in BumimTf2N 
to TSILs. These results led to a so-to-say new kind of actinide chemistry. 
 
 
INTRODUCTION 

 Room-Temperature Ionic Liquids 
(RTILs) appear to be promising alternative 
solvents for organic syntheses, catalysis, 
electrochemistry and extraction [1]. Two main 
reasons explain the great interest RTILs have 
given rise to: their "green" properties (non-
volatility, non-flammability, etc.) and their 
tunability through a large choice of cations and 
anions. For nuclear applications, most known 
RTILs show additional properties of interest. 
They are highly stable under irradiation [2-3] and 
enhance safety towards criticality [4]. In view of 
using such RTILs as solvents for liquid-liquid 
extraction of metallic radioactive species, most 
of the current studies are based on the use of a 
well-known extracting molecule dissolved in a 
basic RTIL [5-8]. However, Task-Specific Ionic 
Liquids (TSILs), i.e. functionalised RTILs, are 
another approach to the question of liquid-liquid 
extraction [9-12]. 

 In this context, our group is interested in 
the liquid-liquid extraction of lanthanides and 
actinides into specific RTILs and TSILs, that are 
known to present extraction mechanisms 
different from those occurring in more classical 
solvents such as dodecane [13]. Thus, we have 
chosen to study RTIL and TSIL-based extraction 
systems, in which  the functional group involved 
in the extraction is the same as that in the 
industrial nuclear process used nowadays 
(PUREX, based on 1.1M TBP 
(tributylphosphate) in  dodecane). 

In a first step, the uranium extraction by 
TBP diluted in a classical RTIL, BumimTf2N (1-
butyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide), was 
explored. In a second step, we have synthesized 

TSILs bearing a phosphoryl group [14] and have 
studied their ability to extract uranium. The final 
aim is to determine and compare the extraction 
mechanism for all systems.  
 
EXPERIMENTAL 
 
Materials 

 
The RTILs BumimTf2N and Me3BuNTf2N 

(trimethylbutylammmonium 
bis(trifluoromethylsulfonyl)imide) were 
purchased from Solvionic (France) and the 
tributylphosphate from Merck (France). All 
chemicals were used as received. 

Ultrapure water (Millipore) was used in all 
cases. For the experiments using nitric acid 
(Aldrich, France), the aqueous solutions of 
uranium nitrate were prepared from a certified 
solution (Spex) of normal uranium at 1 g/L in 
nitric acid, used as received. The extractions 
were performed at an uranium concentration of 
10-3 mol/L. 

The TSIL synthesized and used in our 
laboratory are shown on Figure 1 [14]. 



O3_11 

ATALANTE 2008 Montpellier (France) May 19-22, 2008 2 

 
 

Fig. 1. TSILs bearing a phosphoryl group 
synthesized in our laboratory. 

 
Liquid-liquid Extraction of Uranium 
 

Equilibration of the phases was performed 
by mixing 0.8 mL of the ionic liquid phase and 
0.8 mL of the aqueous phase followed by 
vortexing (15 min) and centrifugation (5000 
rpm). The ionic liquid phase was either TBP 
diluted in BumimTf2N or TSIL in Me3BuNTf2N.  

Extraction was performed for each system 
by shaking equal volumes of preequilibrated 
ionic liquid phase and aqueous phase on a 
vibrating mixer at room temperature for 3 hours. 
Phases were separated by centrifugation; uptake 
of uranium by ionic liquid phase was measured 
by determining only the remaining 238U in the 
aqueous phases with inductively coupled plasma 
mass spectroscopy (ICP-MS) with an error of 
2%. UV-vis spectra of both phases were also 
performed with a Cary 400 (Varian) apparatus 
(uranium concentration of 10-2mol/L).  

The distribution ratios DU for extraction of 
238U are defined as DU = (Ci-Cf) / Cf where Ci 
and Cf represent the initial and final 
concentrations of 238U in the aqueous phase. 
Each experiment was done in duplicate and the 
results agreed within 5 %. 
 
RESULTS AND DISCUSSION 
 
Uranium Extraction by TBP in BumimTf2N 
 

 As a first check, the distribution ratio 
without TBP was measured and the value is 
negligible. The extraction efficiency of the 
aqueous/TBP in BumimTf2N system was studied 
for fixed [TBP] (0.37 M and 1.1 M, respectively 
10 % and 30 % v/v) and variable [HNO3] (from 
0.5 up to 7 M) and, in a second series, for fixed 
[HNO3] (0.8 M and 3.5 M) and variable [TBP] 
(from 0.19 to 2.6 M). Figure 2 shows some of the 
DU variation obtained. As a general trend, as the 
TBP or HNO3 concentrations increase, DU 
increases.  
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Fig. 2. Variation of uranium distribution ratio.  

By comparison to the dodecane reference 
system, striking differences are evidenced: i) No 
maximum of the extraction efficiency could be 
observed in the TBP/BumimTf2N system, a 
phenomenon occurring around 4 M of HNO3 in 
dodecane. As can be seen in figure 2, a leveling 
of the DU values is observed in the range 6 – 7 
M. ii) In dodecane, it is well-known that 
UO2(NO3)2(TBP)2 is by far the dominant 
extracted species. The stoichiometry of this 
complex is derived from the logDU versus 
log[TBP] or log[HNO3] plots, which slopes are 
both equal to 2 +/-0.05. In BumimTf2N, none of 
these plots gives rise to an integer value of the 
slopes (values of 1.65 +/-0.03 and 1.81 +/-0.05 
are obtained), pledging for the presence of at 
least two different species, in more or less 
comparable proportions. In addition, the logDU –
log[HNO3] plot (see raw data in figure 2) is not 
linear in the whole range of HNO3 concentration, 
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indicating a rather complex mechanism. iii) The 
major extracted species in dodecane, i.e. the 
neutral species, has a characteristic UV-vis 
spectrum that could not be observed in our 
BumimTf2N system, (Figure 3): this proves that 
this neutral species is not present in significant 
amount in the RTIL system. This last result is 
confirmed through EXAFS experiments, in 
which no uranyl species with two nitrate entities 
could be identified. 
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Fig. 3. UV-vis spectra of uranium:  
(green thick solid line) UO2(NO3)2(TBP)2; 

(purple dots) ionic liquid phase 

 
 As a first conclusion, it appears that the 
uranium extraction mechanism by TBP in 
BumimTf2N is completely different from the one 
involved in dodecane. This has clearly to be 
ascribed to the solvent change, thus justifying the 
interest of RTILs in order to explore a new 
actinide chemistry. 
 
Uranium Extraction by TSILs  
 
 In a second step, uranium extractions 
were performed using TSILs bearing a 
phosphoryl group, synthesized in our laboratory 
(see figure 1). All these compounds are liquids, 
but are too viscous to be used as the solvent 
phase (pure TSIL), except compound 2, which is 
rather fluid. Therefore, all experiments were 
carried out with TSILs diluted in Me3BuNTf2N, 
which is the basic RTIL from which these 
compounds are derived by grafting the 
phosphoryl unit. In addition to these 
experiments, compound 2 was used as a pure 
extracting phase, owing to its low viscosity.  For 
each system, we quantified the variation of the 
uranium distribution ratio versus both TSIL and 
HNO3 concentration.  

 For similar extracting conditions, 
([TSIL] = 1.1 M and [HNO3] = 3.5 M), the 
distribution ratios are quite different from one 
TSIL to the other. DU ranges from 0.63 for TSIL 
2 to 170 for TSIL 3. This is the signature of a 
great variability in efficiencies, related to the 
exact structure of the TSIL in use, although the 
same extracting subunit is present (the P=O 
group). Furthermore, the slope of the log-log plot 
for TSIL 1 differs significantly from the slope 
for TBP, as shown on figure 4. This 
demonstrates the versatility of TSILs, for which 
very different mechanisms can be obtained by 
simply grafting a known extracting moieties onto 
the cationic skeleton.  
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Figure 4. Comparison of log-log plot of 
extraction by TBP and by TSIL 1 

 ([HNO3] = 3.5 M) ■ : TBP  ♦: TSIL. 

 
 Insights into the mechanisms will be 
presented at the conference. 
 
CONCLUSION 
 
 We demonstrated that the uranium 
extraction mechanisms in RTILs are completely 
different from the one in dodecane. Indeed 
RTILs led to at least two extracted species and 
no neutral complex can be observed. Moreover 
the extraction mechanisms vary from free TBP in 
BumimTf2N to TSILs bearing a phosphoryl 
group. The results of this study highlight the 
tremendous potential of RTILs and TSILs, 
leading to a so-to-say  new kind of actinide 
chemistry. The next step of this study is the 
determination of the exact extraction mechanism, 
i.e. of the stoichiometry and the structure of the 
extracted species. These data will allow us to 
establish relations between RTILs structure and 
properties, which are necessary to be able to 
design a RTIL for a specific application.  
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