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Ln(III)-malate complexation studies using TRLFS and micro titration calorimetry 
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The complexation of trivalent lanthanides was studied 
using Time-Resolved Laser-Induced Fluorescence 
Spectroscopy (TRLFS) and Isothermal Titration Cal-
orimetry (ITC). Formation constants, complexation 
enthalpies and fluorescence lifetimes are determined 
over a wide pH range at I = 0.5 m NaCl.  

Concrete is widely used as engineering barrier and for waste 
conditioning in waste repositories. Its binding agent is ce-
ment. Organic cement additives, which are used to improve 
the workability of fresh concrete, are complexation agents 
for radionuclides after they have been released during the 
concretes degradation. Thus, these additives might have an 
impact on the aqueous geochemistry of actinides. Here, the 
α-hydroxydicarboxylic acid or malic acid is examined. It is 
used in water-reducers or retarders in cement.[1, 2] 
 
EXPERIMENTAL. TRLFS was performed using 
5 × 10− 6 M EuCl3 and 0.01 M malic acid for the series with 
varied pH (pH 1 – 11). For the series at fixed pH, the concen-
tration of malate varied from 0.01 – 0.5 M. The ITC tech-
nique is described elsewhere.[3] The measurements were 
performed using 1 – 5 mM NdCl3 and 0.03 – 0.07 M malate at 
fixed pH values. In all experiments the ionic strength was 
adjusted to 0.5 mol·kg− 1 NaCl. 
 
RESULTS. In TRLFS experiments with Eu(III) malate, 
stability constants and lifetimes of three complexes (Tab. 1) 
were determined  using the factor analysis program 
SPECFIT  and the three-dimensional parallel factor analysis 
code PARAFAC.[4] Additionally to these species, a fourth 
species, probably Eu(III)-malate-hydroxide, was observed at 
high pH values. 
In the thermogram measured by ITC (Fig. 1) three different 
effects are clearly visible. The integrated heat curve was 
therefore fitted using a theoretical model of three complexes 
and the protonation constants and enthalpies from separate 
experiments. The fit results are shown in Tab. 1. The first 
complexation step is endothermic while the second and third 
steps are slightly exothermic at this ionic strength. Small 
enthalpies around zero are known for small organic ligands 
due to the compensation of dehydration energy and binding 
energy of the reacting species. The complexation enthalpies 
for malate have similar values or a slightly smaller endo-
thermic contribution than the enthalpies for the Eu-lactate 
complexes. Because these show bidentate binding with the 
carboxylate group and the deprotonated hydroxyl group,[5] 
this is a strong indicator for a chelating binding mode of the 
Nd-malate complexes, too. Preliminary results of EXAFS 
experiments with Am-malate are confirming the structural 
similarity to the Am-lactate system. 
The stability constants of both methods agree well within 
uncertainties. The results in Tab.1 are similar to those de-
termined in Kitano et al. (I = 1 M NaClO4).

[6] The averaged 
speciation for lanthanide-malate complexation (Fig. 2) can 
be assigned to trivalent actinide speciation as well. This is 
important for the long term safety assessment in a nuclear 
waste repository. 
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Tab. 1: Stability constants and lifetimes determined by TRLFS (left col.) 
and ITC (middle col.) at I = 0.5 m NaCl and T = 25 °C. 

log βn  
Eu(III) 

Lifetime 
(µs) 

log βn  
Nd(III) 

∆RHn 
(kJ·mol−1) 

Species 

  112 ± 2   Ln3 + 
 4.36 ± 0.22  141 ± 2  4.85 ± 1.04  0.32 ± 0.24 LnMal+ 

 7.92 ± 0.36  207 ± 12  8.35 ± 1.42  − 1.37 ± 0.82 LnMal2
− 

 10.31 ± 0.46  281 ± 4  11.03 ± 0.22  − 2.54 ± 1.58 LnMal3
3 − 

2σ uncertainty. 

Fig. 1: Thermogram (gray) and integrated heat curve (black) of 
Nd-malate titration. 

Fig. 2: Averaged computed speciation from ITC and TRLFS for 
Ln(III)-malate complexation, I = 0.5 m NaCl. 
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