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INTRODUCTION

Actinide chemistry in natural environments is of great interest to predict radionuclide
migration from possible radioactive waste repositories. In particular Am(III) aqueous
speciation in groundwaters can be dominated by carbonate complexes [1]. The solubility of
Am(IIT) solid compounds, and the stoichiometries and thermodynamic stabilities of its
aqueous complexes have been critically reviewed by the NEA-TDB (Thermodynamic Data
Base project of the OECD) [2]. The NEA-TDB have pointed out (i) that the species AmCO;",
Am(COs),” and Am(CO3);> have been well established, but other carbonate complexes may
be stable under environmental conditions, particularly hydroxo-carbonate mixed complexes ;
(i1) a lack of available data at temperatures above 25°C ; (iii) discrepancies in the literature, so
that it has not been possible to determine the ion interaction coefficients, €, for ionic strength
corrections with the specific ion interaction theory : the NEA-TDB has reported values among
which many estimated coefficients.

Lundqvist et al. determined Ig f; = 5.81 £0.04 and 5.91 £ 0.05, and Ig >, =9.72 £0.10 and
10.72 £ 0.08 for Am(IIT) and Eu(Ill) respectively for in 1M NaClO4 [3]; Kim et al. have
proposed Ig £; of 6.65 +£0.07 and 6.57 = 0.08 for Cm(IIl) and Eu(IIl) respectively in 0.1M
NaClOy [4]. The comparison of g S values for Am, Cm, and Eu measured by the same author
suggests that they are good chemical analogues. Thus we have chosen to study Eu(IIl) and
Cm(III) by time-resolved laser-induced fluorescence spectroscopy (TRLFS). Thanks to its
high sensitivity [5], TRLFS enables the detection of metal ion species below solubility limits,
so that there is no ambiguous interpretations due to the nature of the solid phases [6]. This
technique has already been used to determine stabilities of Cm(CO;)** (i=1-4) and
CmHCO;*" in NaCl media [7] ; the bicarbonate complex has also been proposed at higher
COs(g) pressure [8]. However the analogous AmHCO;"" has not been observed even under up
to 1-atm CO,(g) pressure [1]. Moreover both M(CO;);* [1,4,9] and M(CO3)s> [7,10] have
been proposed for the stoichiometries of lanthanides and actinides limiting carbonate
complexes, which also affects the determination of other complexation constants in data
treatments.

We will present our experimental data on Eu(Ill) and Cm(IIl) using TRLFS. Our
experimental conditions have been chosen on the basis of Am(IIl) data. Quantitative results
on Eu(III) carbonate complexation are obtained and speciation models considering Eu(COs)s>
or Eu(CO;3)4” as the limiting complex are tested. This study has been extended to Cm(III) at
temperatures from 10 to 50°C.

SENSITIVITY ANALYSES

A sensitivity analysis of Am(III) complexes in hydroxo-carbonate solutions has first been
conducted using data from [1,4,9]. We use in particular solubility experiments with correct
measurements of [H'] at high ionic strength, taking into account the junction potential of the



electrode and the activity coefficient of H' by a calibration method with adequate buffer
solutions [1,9]. Figure 1 shows the speciation of Am(III). Only validated complexes [2] are
represented on this diagram and dotted lines are drawn when other possible stoichiometries
could be considered. The chemical conditions of interest for our studies have been extracted
from such calculated speciation diagrams.
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Figure 1 : Speciation of Am(III) as a function of - 1g [H'] and Ig [CO;7] calculated with
[Am(IID)] = 10™*M and [Na'] = 0,1M according to validated stoichiometries of soluble
complexes and solid compounds and using stability constants from [1] and [2]. The dots
represent our conditions for the experimental study of Eu(III).

CARBONATE COMPLEXES OF Eu(III)

Each Eu(IIl) species is characterised by specific fluorescence lifetime and spectrum (Figure
2). Our sensitivity analysis suggests the presence of at least the species EuCO;", Eu(CO;3),”
and Eu(COs);>". Only mixtures of these can be obtained by varying the chemical conditions in
the solutions, except the limiting carbonate complex that could be isolated at high ionic
strength taking advantage of its elevated charge. Thermodynamic constants are determined by
curve fitting based on fluorescence intensity ratios as shown on Figure 3. No bicarbonate or
hydroxo-carbonate mixed complex seems to be significant under our experimental conditions.
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Figure 2 : Variation of fluorescence spectra with 1g [CO;”], measured in Eu(III) solutions
with [Na'] = 0.1M under 100% CO, atmosphere ; formation of EuCO3".



Indications on stoichiometries result from the fluorescence spectra and lifetimes measured at
various [CO;>]. Two interpretations are tested depending on the nature of the limiting
complex Eu(COs);> or Eu(CO3)s”, but no definitive conclusion is obtained (Figure 3). To
conclude this point, solubility measurements of NaEu(COs),(s) in concentrated carbonate
solutions at high ionic strength are currently carried out.

TEMPERATURE DEPENDENCE OF Cm(1I) FLUORESCENCE SPECTRA

At constant [CO3>], the spectra of thermostatically-controlled Cm(III) solutions between 10
and 50°C show differences in their shapes and intensities from that at 25°C : in addition to the
effect of temperature on spectroscopy, values of the stability constants should change with
temperature since complexation reactions are not athermanous. TRLFS is then used for a
determination of enthalpy variations corresponding to the formation of CmCO;".
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Figure 3 : Measured fluorescence intensity ratios plotted against lg [COs>]. Comparison of
fitted curves depending on the limiting complex Eu(COs);” or Eu(CO3)4”".
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