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a b s t r a c t

The complexation of trivalent curium (Cm(III)) with chloride up to its respective saturation concentration
is studied in dependency of the chloride bearing electrolyte (LiCl, NaCl, MgCl2, CaCl2) in the temperature
range of 25 200 �C by time resolved laser fluorescence spectroscopy (TRLFS). At low chloride concentra
tions and temperatures the Cm(III) aquo ion dominates the species distribution. However, at both ele
vated chloride concentrations and temperatures speciation is dominated by CmCl2+(aq) and CmCl2

+(aq),
and significant molar fractions are even contributed by CmCl3 (aq) and CmCl4(aq). Conditional stability
constants log b0

n(t) are determined and extrapolated to the thermodynamic reference state using the
specific ion interaction theory (SIT). Modeling results in standard stability constants log b�2(t) with slight
deviation with respect to the valency of the electrolyte. As a result, an average value of log b�2(25 �C)
( 1.16 ± 0.10) is derived for the formation of CmCl2

+. The complexation is found to be both endothermic as
well as entropy driven with DrH� (60.5 ± 1.5) kJ mol 1, and DrS� (180.7 ± 3.9) J mol 1 K 1.

1. Introduction

Nuclear energy is used in about 440 commercial power plants
providing roughly 10% of the world’s civil electricity [1,2]. How
ever, safe disposal of the nuclear waste is still a focus of attention
regarding both fundamental and applied aspects. As actinides are
generated through neutron capture, nuclear fuels contain various
long lived nuclides (e.g. 239Pu, t1/2 = 2.41 104 a). The waste has to
be safely excluded from the biosphere for time scales of at least
106 years. The generally pursued strategy is disposal in deep geo
logical repositories, located in salt, clay, or crystalline rock forma
tions [3,4]. To this end, thermodynamic data of radioactive
elements is mandatory for a geochemical model describing the
migration behavior of radionuclides in deep rock formations. Given
a repository based in rock salt, highly corrosive brines of high ionic
strengths I are to be expected in case of water intrusion. As chlo
ride is the most abundant inorganic ligand in salt rock repositories,
its weak complexation tendency is easily mitigated by its high con
centration in the resulting brine. While thermodynamic data for
actinides in their most relevant oxidation states is abundant in var
ious databases, most of the data is restricted to ambient conditions
[5,6]. However, near field conditions in a nuclear waste repository
include elevated temperatures as a result of the radioactive decay

of the stored waste. Depending on the type of repository and waste
form, temperatures up to 200 �C are generally considered. A con
cise review of literature data on aqueous actinide chemistry up
to 90 �C is given by Rao, presenting data on Th(IV), U(VI), Np(V),
Am(III) and Cm(III) [7]. The data reviewed contains hydrolysis
and complexation reactions with inorganic and small organic
ligands. Considering complexation of trivalent actinides with
chloride, work perfomed in CaCl2 solutions at 25 �C by Fanghänel
et al. and Könnecke et al. give log b�1 = 0.24 ± 0.03 and log b�2 =
0.74 ± 0.05 [8,9]. These values were selected for AnCl2+ and AnCl2+

by the NEA TDB database [5]. Yeh et al. report on the formation of
AmCln(3-n)+, giving an increasing log b0

1(t) from 0.11 ± 0.05 at 25 �C
to 0.38 ± 0.05 at 50 �C in 1 M NaClO4 [10]. No ionic strength correc
tions have been performed. This gives rise to a positive reaction
enthalpy of DrH = 19.4 ± 7.4 kJ mol 1, which in turn contradicts
the exothermic estimates of LnCl2+ complexes by Choppin et al.
and Moulin et al. of about DrH = 0.21 kJ mol 1 [11,12]. Further
thermodynamic studies on the complexation of lanthanides with
chloride at elevated temperatures will be discussed in Section 3.4
in comparison with the results of this study.

In a previous study on chloride complexation of Cm(III),
Skerencak Frech et al. investigated the formation of CmCl2+ in NaCl
in the temperature range from 25 to 200 �C [13]. The authors give a
TRLFS based stability constant of log b�2 = 0.81 ± 0.35 at 25 �C.
While spectroscopic evaluation yielded component spectra of
CmCl2+, CmCl2+ and CmCl3, the thermodynamics of CmCl2+ could
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