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1, Objectives of Atomistic Calculation Studies

Reduction of Huge Amounts of Wasted SoilsGoal of the Project:

33 Cups of Tokyo Dome （MOE Test Cal.）

Radioisotopes of Cs

・Top of Soils (Depth 5～10㎝）

・Clay Minerals （Radius＜2μｍ）

・Micaceous Clay  ⇒ Irreversible Ads.

Atomistic Level Mechanism
（Role  of  Computational Science)

Conventional Insights：

Decontamination 

Wasted Soils

Concepts & Method

Scientific Ideas

Soil

Coarse sand
2.0〜0.2mm

Fine sand
0.2〜0.02mm

Silt
0.02〜0.002mm

0.002mm >

Clay

Cs:   Mainly Adsorbed in Clay  (＜2μｍ)     (＞９０％) 4

Soil：
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K Cs

K

Cs

SEM+XMP

SEM

XMPCs

EMP

EMP

EMP EMP

EMP：electron microprobe, SEM: scanning electron microscopy, XMP: X‐ray microprobe

Frayed Edges of Micaceous Minerals Strong Affinity ?
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Muscovite：

2. Models and Methods



(a) Planar site

(b) Edge site

(c) Hydrated interlayer site

(d) Frayed edge site

(e) Interlayer site

• Exchangeable Sites：(a)、(b)、(c)
• Irreversible Sites ：(d)、(e)
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K

Cs

Adsorption Sites (Muscovite)：

2. Models and Methods

(a) Planar site

(b) Edge site

(c) Hydrated interlayer site

(d) Frayed edge site

(e) Interlayer site

• Exchangeable SItes：(a)、(b)、(c)
• Irreversible Sites ：(d)、(e)
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K

Cs

Adsorption Sites：
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Calculation Methods：

2. Models and Methods

First-Principles Calculation

Molecular Dynamics 

・Interaction between atoms is calculated.                                          

Target :  Electrons (Electronic Structure)

・interaction between atoms is assumed
as force potential

・Small System

・Large System

Target :  Atoms & Molecules

10

Calculation Methods：

2. Models and Methods

First-Principles Calculation

Molecular Dynamics 

・Interaction between atoms is calculated.                                          

Target :  Electrons (Electronic Structure)

・interaction between atoms is assumed
as force potential

・Small System

・Large System

Target :  Atoms & Molecules
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2. Models and Methods

Frayed Edge Modeling: Minimum System

K
Ion Exchange

Hydration
Dehydration

Use Experimental Values

3, Calculation Results

+

K is released
Cs is adsorbed 

+

：Interlayer 
Distance

Stable
Cs Ad.

Results

d > 1.1nm
Cs adsorption automatically occurs
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Ion Exchange Energy:

K is adsorbed 

Initial StateFinal State

ΔＥmax（ｄ）～27KJ/mol



Closed Edge ～ Bulk Mica Structure
Cs+K+

Stable Narrow

Expanded (Frayed) Edge 
Cs+K+

Loose Stable
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3, Calculation Results

M. Okumura, H. Nakamura, M. Machida, 
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Simple Mechanism: Ion Radius Difference
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Si

O

Aｌ

SiAｌ
O

Cs
O O

Chemical Bond: Ionic Bond

Covalent Bond

＋ー
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Chemical Bond: Ionic Bond

Covalent Bond

＋ー
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Covalent Bond：

2. Models and Methods
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Covalent Bond：

2. Models and Methods
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Covalent Bond：

Cs O

2. Models and Methods
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Cs O

[He].2s2.2p4

[Kr].4d10.5s2.5p6 6s1
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Cs O

[He].2s2.2p4

[Kr].4d10.5s2.5p6 6s1
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Cs O

[He].2s2.2p4

[Kr].4d10.5s2.5p6 6s1 Density of State (E)

2. Models and Methods
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Cs O

[He].2s2.2p4

[Kr].4d10.5s2.5p6 6s1 Density of State (E)

2. Models and Methods



• Muscovite ⇒ K is replaced with Cs

• Results ⇒ Density of States (E) 

Target cation

Oxygen around 
Target cation
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3, Calculation Results

Mechanism for 
Covalent Bonding:

Cs Nuclear Charge is relatively large  

Cs (5s, 5p) Energy Levels ~ O(2s,2p) levels

Atomic Orbital Molecular Orbital 

Inner orbital is strongly contracted

304, Conclusion

1,  The frayed edge site really shows strong affinity for Cs   

Future Tasks：

Ionic＋Covalent  

Cs(５s５p) ～ O(２s２p)： Energy levels are overlaped

Bonding Character is more strong

Cs desorption  Simulation for the Chemical Bond (Cs-O) Cut 

The mechanism: Ion radius difference  

Interlayer distance of the frayed Edge ～ Cs diameter

2,   Cs-Oxygen chemical bond is partly covalent.   


