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Report: 

Humic substance (HS) is a group of organic nanocolloids found in diverse environments. HS 
affects the buffering and barring capacity of the environments against the inputs of toxic metal ions 
such as heavy metals and radionuclides1. Although the effects of HS on metal adsorption are now 
recognized, our understanding on the underlying mechanisms is far from satisfactory. Depending on 
solution conditions, the type of a adsorbing metal and the magnitude of HS loading on a surface, the 
adsorption of metal is enhanced, diminished or virtually unaffected, which have never been explained 
clearly. This is partly due to the lack of the molecular-scale information on a metal/HS/mineral ternary 
system. In this study uranyl (UO2

2+) adsorption on goethite was studied by EXAFS spectroscopy both 
in the absence and presence of humic acid (HA) in order to extract the structural information on 
dominant species.  

Sorption of UO2
2+ on synthesized goethite particles with and without purified Aldrich HA 

(PAHA) was studied by both macroscopic batch adsorption experiments and molecular-level EXAFS 
measurements. All samples were prepared in Ar or N2 atmosphere to exclude CO2. The adsorption 
experiments were performed with 1 g/L goethite suspension as a function of pH, salt concentration and 
PAHA concentrations. The total concentrations of UO2

2+ and PAHA were 50 µM and 50 mg/L, 
respectively. The salt concentration was adjusted with 1 M NaClO4 to 0.1 or 0.01 M. The U LIII 
EXAFS measurements were performed with 5 g/L goethite suspension at pH 4 and 0.1 M NaClO4, 
where the UO2

2+ sorption was enhanced in the presence of PAHA. As reference UO2
2+/HA and 

UO2
2+/goethite binary samples were measured as well. For the UO2

2+/gothite binary and the UO2
2+/ 



 

PAHA/ goethite ternary samples, the total UO2
2+ 

concentration was 200 µM UO2
2+, which resulted 

in similar surface loading of UO2
2+ on goethite. 

The concentration of PAHA in the latter samples 
was varied from 20 to 500 mg/L. The 
UO2

2+/PAHA binary sample was prepared with 
500 mg/L PAHA and 400µM UO2

2+. The 
obtained EXAFS spectra were analyzed by the 
iterative target transformation factor analysis 
(ITTFA)2 to determine the number of different 
UO2

2+ species and their structural characteristics 
as a function of the HA loading. 

The adsorption of UO2
2+ on goethite was 

increased by PAHA at pH < 5.5 and diminished 
at pH > 6. The former can be explained by the 
formation of ternary complexes among UO2

2+, 
PAHA and goethite and the latter by the binding 
of UO2

2+ to PAHA in aqueous phase. From the 
EXAFS radial distribution function (RDF) of 
UO2

2+ adsorbed on goehite without PAHA in 
Figure 1, there were distinct contribtions both at 3 
and 3.5 Å (without phase-shift correction), 
suggesting the formation of both edge-sharing 
and corner-sharing bidentate coordination of 
UO2

2+ to iron octahedra3. The comparison of 
EXAFS RDF of the binary and ternary samples at 
pH 4 (Figure 2) showed a systematic variation in 
the elemental arrangements around adsorbed 
UO2

2+ ions. The ITTFA analysis further revealed 
that the variation is a mixture of HA- and 
goethite-like contributions (Figure 2 (a)) and that 
the latter dominated even at relatively high 
PAHA loading (Figure 2 (b)). This strongly 
suggests that the formation of the 
PAHA/UO2

2+/goethite Type-A ternary complex is 
responsible for the observed enhancement of 
UO2

2+ adsorption in the presence of PAHA.  
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Figure 2. Extracted goethite- and HA-like RDF 
(a) and their contributions (a) from the ternary 
EXAFS spectra by ITTFA. 

 
Figure 1. EXAFS radial distribution function 
(RDF) of UO2

2+ adsorbed on goethite in the 
presence of PAHA (the UO2

2+/PAHA/goethite 
ternary samples). For comparison, the RDF of 
the UO2

2+/ goethite and UO2
2+/PAHA binary 

samples are included. 


