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Clay minerals, which are ubiquitous on the surface of the 

earth adsorb large amounts of various cations. Due to this 
unique property, clay minerals govern a large part of 
environmental behavior of various cations on the surface of 
the earth. For example, cesium is strongly adsorbed on clay 
minerals by forming an inner-sphere (IS) complex, causing its 
fixation on the surface of the earth [1,2]. On the other hand, 
rare earth elements (REE) is weakly adsorbed on clay 
minerals by forming outer-sphere (OS) complexes. Therefore, 
it is easily extracted by ammonium ions [3]. As shown above, 
there are different adsorption structures on clay minerals, 
although both of cesium and REE are hard cations. However, 
the origin of this difference is unclear.  

The purpose of this study was to reveal the primary factor 
causing the difference. First, extended X-ray absorption fine 
structure (EXAFS) was systematically applied to various 
cations adsorbed on several clay minerals, including K+, Rb+, 
Cs+, Sr2+, Ba2+, Y3+, La3+, and Lu3+. We found that the cations 
larger and smaller than Ba2+ form IS and OS complexes, 
respectively. Based on this result, we made a hypothesis that 
ionic radius is the primary factor in determining the 
adsorption structure. To confirm this hypothesis, additional 
X-ray diffraction and adsorption experiments were conducted. 
Their results were consistent with our hypothesis and 
suggested the specific adsorption structure of Ba2+.  

Our results are useful for predicting environmental 
behaviors of cations for which chemical properties are 
unknown, such as radium (Ra2+). Based on the systematics 
described above, Ra2+ is expected to form an IS complex and 
be fixed on clay minerals, because it has a larger ionic radius 
than Ba2+.  
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