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o B H Molecule/ion Adsorption and Desorption Properties of
Nanocrystalline Prussian-blue and Its Analogs

Chapter 1 (introduction section): Prussian blue (PB) and its analogues (PBAs) are recently a
renewed nano-porous family based on the specific molecule/ion absorption/desorption
properties, while PB has been the artificial blue pigment with three-centuries history. The
purpose of this study is to reveal the absorption/desorption mechanism via the systematic
structural control of PBAs as adsorbents (chapter 2) and n-alkyl alcohols (chapter 3)/alkali
metal ions (chapter 4) as adsorbates.

Chapter 2: The lattice-constant (nano-pore dimension) control of a series of PBAs has been
investigated. It is found that the lattice constants of PBAs are systematically controllable by
changing the metal species. The lattice constants are successfully controlled as expected
theoretical values.

Chapter 3: n-alkyl alcohols have been adopted as a molecular adsorbate for elucidation of
their adsorption mechanism. n-Alkyl alcohols having carbon numbers (n < 6) of the allyl
chain were specifically adsorbed at a low pressure into the PBA nano-pores. Especially,
methanol was adsorbed at the lowest pressure, compared to the previous literatures. It is
anticipated that PBAs function as a scavenger for trace amounts of methanol gas. The
correlation between lattice constants and adsorption amounts of alcohols has been revealed.
PBAs with elongated lattice constants can adsorb larger amounts of the alcohols, i.e., PBAs
composed of larger-sized metal ions have higher adsorption-amount abilities. The
dual-site-Langmuir fitting and the entropy calculation have been carried out for further
understanding of the specific adsorption mechanism for alcohols, suggesting that alcohols
molecules are adsorbed in intra-nanoparticles first and then inter-nanoparticles. The entropy
effect related to free rotation of alkyl chains is affected to the adsorption mechanism.

Chapter 4: Alkali metal ions and NH4" have been adopted as an ion adsorbate for elucidation
of their adsorption mechanism. Cyclic voltammetry along with their electrochemical
adsorption was measured in electrolyte solutions with various cations and anions. The redox
potentials and enthalpy required for the redox reaction of PBAs have been calculated. The
correlation between hydration enthalpy and redox potential enthalpy have been investigated
for the adsorption mechanism. The hydration enthalpy related with the redox enthalpy affects
the redox potential; however, their relationship is not complete. Therefore, it is assumed that
an additional action such as relaxation contains in the adsorption mechanism.

Chapter 5: Summary
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