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New method for intercalation and ion exchange utilizing solid state electrochemical reaction
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Due to the development and improvement of synthesis apparatus and techniques, materials science and design have 
advanced drastically. Recently, we have developed a new synthesis method available for intercalation and ion exchange, 

utilizing a solid-state electrochemical reaction under ambient hydrogen pressure. This synthesis method is called proton-driven 
ion introduction (PDII). The protons (H+) generated by the electrolytic dissociation of hydrogen, drive other monovalent 
cations along a high electric field in the solid state. This phenomenon can be thought of as ‘ion billiards’. Such a liquid-free 
process of ion introduction allows the application of high voltage around several kilovolts to the sample. This high electric 
field strongly accelerates ion exchange. Actually, compared to conventional solid-state reaction, PDII introduced 15 times the 
amount of K ions into Na super ionic conductor (NASICON)-structured Na3−xKxV2(PO4)3 as shown in figure 1. Powdered 
Na3V2(PO4)3 as host material was put in a shallow alumina cylinder and placed on a carbon cathode stage. Then, a potassium-
containing phosphate glass was also placed on the alumina cylinder as a K ion source material. When a voltage was applied, 
protons replaced K ions in the glass and drove these ions into Na3V2(PO4)3. K ions continuously migrated and formed Na3-
xKxV2(PO4)3. The obtained compound exhibited a thermodynamically metastable phase, which has not been reported so 
far. At the current stage, H+, Li+, Na+, K+, Cu+ and Ag+ can be used as guest ions. Furthermore, various compounds with 
nanospaces can be candidates for host materials in this method. In this conference, details of PDII and obtained materials will 
be presented.
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