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Report 

The understanding of the interaction of cementitious organic additives with 

radionuclides in solution is very poor and only a few investigations on the effect of 

concrete admixtures on the aqueous speciation of actinides are available [1, 2]. Here, the 

complexation of Am(III) with malate (as cementitious additive) and succinate was 

investigated in the pH range between 1 and 8 to determine structural properties of these 

complexes for the first time. Here we report the results for the malate system.  

 

Results 

In the EXAFS spectra and the corresponding Fourier transform (FT) of the Am(III)-

malate samples shown in Fig. 1 only small variations with rising pH value can be 

observed. As the use of the iterative transformation factor analysis (ITFA) [3] already 

showed good results for complexation reactions of similar small organic ligands [4, 5], 

it was applied here to isolate pure component spectra. In the first step of the ITFA two 

components were determined. The speciation of Am(III)-malate complexes and the 

adapted coordination numbers (CN) of these two components, which are needed for the 

third step in the ITFA, were taken from previously performed time-resolved laser 

fluorescence spectroscopy (TRLFS) and isothermal titration calorimetry (ITC) 



 

measurements. Also, a chelate and an asymmetrical coordination of malate was 

assumed. The single spectral components extracted by the iterative target test (ITT) 

were fitted with EXAFSPAK [6]. Component 1, i.e. Am(III) coordinated by oxygens 

(water-like) shows an Am-O bond distance of 2.48(4) Å and a CN of 1.2(4).  

Figure 1: EXAFS spectra and the corresponding Fourier transform (FT) of the Am(III)-malate samples, DFT 

opimized structure of a proposed 1:1 complex including the 7-membered ring. 

 

Component 2, which represents Am(III) coordinated by malate, shows a Am-O bond 

distance of 2.39(5) Å (CN of 0.8(6)) and a Am-C bond distance of 3.33(1) Å (CN of 

1.8(3)). Note that all spectra can be reproduced by these two isolated spectral 

components and their corresponding fractions and CN’s. The relatively long Am-C 

bond distance, which also can be observed in the Am(III)-lactate [5] and Cm(III)-

succinate [7] system, indicates a monodentate binding of the carboxylate group(s) of 

malate either including the OH group in a 5- or 6-membered ring or including both 

carboxylate groups in a 7-membered ring.  
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