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Report: 
 

Various inorganic and organic Fe-bearing standard substances (Fe(II) and Fe (III) chloride, sulfate, oxalate, 

etc.), as well as common Fe-bearing minerals in soils and sediments  (pyrite, ferrihydrite, goethite, hematite, 

lepidocrocite, etc.) were investigated with Fe-K edge XANES and X-ray microscopy to specify different 

natural Fe components. Dilute mixtures of soil typical Fe minerals (pyrite, ferrihydrite, goethite) were 

analyzed to address the question of whether these phases can be quantified by XANES. This was done by an 

evaluation of their pre-edge peak, i.e. either by assessing the pre-edge peak centroid energy or using Linear 

Combination Fitting (LCF).  

 

In the majority of cases the general pre-edge-peak shapes of the Fe K-edge XANES spectra acquired for the 

standard substances were different and can therefore be used to identify unknown Fe phases in soil and 

sediment samples. The centroid energies of the pre-edge peaks of the standards were strongly related to their 

Fe oxidation state. The pre-edge peak centroid energy thus is a valuable parameter for a quick estimation of 

the Fe(II)/Fe(III) partitioning of an unknown sample. However, the study of the mineral mixtures showed 

that the relationship between the Fe(II)/Fe(III) ratio and the pre-edge peak centroid energy is not always 

linear (Fig. 1). In unknown mixtures only a rough assessment, but not a precise determination of the 

Fe(II)/Fe(III) ratio is possible on the sole basis of their pre-edge peak centroids. 

 

Using Linear Combination Fitting (LCF) the Fe(II)/Fe(III) partitioning and the pyrite/ferrihydrite or 

pyrite/goethite ratio of mineral mixtures could be predicted with satisfactory accuracy (Table 1). However, 

LCF failed to correctly distinguish ferrihydrite from goethite. Nonetheless, Fe-K edge XANES combined 

with a pre-edge peak evaluation using LCF seems to be a powerful tool for a Fe speciation in soils and 

sediments.  

 



 

 
 
Figure 1: Pre-edge peak spectra for different mixtures of (a) pyrite and ferrihydrite, (b) pyrite and goethite, 

and (c) goethite and ferrihydrite. Pre-edge peak centroid energies are indicated with a solid bar. 

 

 
Table 1: Fe(II)/Fe(III) ratios and mineral mixing ratios of defined mixtures of pyrite, ferrihydrite, and 

goethite estimated from their pre-edge peak centroid energies (CE) and calculated by Linear Combination 

Fitting (LCF), using the pre-edge peak spectra of the mineral mixtures and the pure minerals.  

 
 Fe(II)/Fe tot Fe(II)/Fe tot Fe(II)/Fe tot  Calculated (LCF) Percentage of 

  Calculated 

CE 

Calculated 

LCF 

 Pyrite Ferrihydrite Goethite 

        

80% Pyrite / 20% Ferrihydrite 0.80 0.79 0.70  69.6 ± 1.0 25.7 ± 3.3 4.7 ± 3.1 

50% Pyrite / 50% Ferrihydrite 0.50 0.65 0.47  46.5 ± 1.8 53.4 ± 5.8 0.0 ± 5.6 

29% Pyrite / 71% Ferrihydrite 0.29 0.40 

 

0.26  26.1 ± 2.4 70.9 ± 8.4 2.9 ± 7.9 

        

80% Pyrite / 20% Goethite 0.80 0.97 0.86  85.9 ± 0.5 5.0 ± 1.6 9.2 ± 1.6 

50% Pyrite / 50% Goethite 0.50 0.80 0.58  58.2 ± 1.1 5.7 ± 3.7 36.0 ± 3.4 

20% Pyrite / 80% Goethite 0.20 0.57 0.31  30.9 ± 2.1 7.6 ± 7.2 61.6 ± 6.9 

        

80% Goethite / 20% Ferrihydrite 0 NA 0  0.0 ± 0.0 23.1 ± 1.5 76.8 ± 1.6 

50% Goethite / 50% Ferrihydrite 0 NA 0  0.0 ± 0.0 15.5 ± 1.3 84.6 ± 1.5 

20% Goethite / 80% Ferrihydrite 0 NA 0  0.0 ± 0.0 39.9 ± 1.2 60.1 ± 1.4 

        

33% Pyrite / 33% Ferrihydrite / 

33% Goethite 

 

0.33 0.50 0.28  28.7 ± 2.5 45.8 ± 7.9 25.4 ± 8.3 

  


