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Fabrication of multilayer films composed of Prussian blue and its analog
nanoparticles and their cation-selective electron-rectification phenomena
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We have successfully prepared water-dispersion solutions of Prussian blue (PB)
and its Ni-replaced analog (Ni-PBA) nanoparticles. Double layer (DL) films composed of PB (bottom layer)
and Ni-PBA (top layer) NPs have been simply fabricated on indium-tin-oxide (1T0) glass substrates by
spin-coating using their water-dispersion solutions, and electron-rectification phenomena of the DL Ffilms
have been investigated. Via reconstitution of d-1t bonding networks among NPs by low-temperature
sintering at 120-150° C, the spin-coated films well adhered on the ITO substrates and fragility of the
films was surErisingly improved. The bottom layer of the PB NPs behaves as a high-performance
electron-blocking layer against the top layer of the Ni-PBA NPs. The electron-rectification phenomena
occurred cation-selectively of potassium ions.
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the PB nanopatrticles.
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. 1. A proposed mechanism for low-temperature sintering among
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Fig. 2. FE-SEM cross section images of the low-temperature
sintered single layer films at 150°C of the PB nanoparticles
(thickness; 340 nm) and Ni-PBA nanoparticles (410 nm).
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Fig. 3. Cyclic voltammograms of the sintered single layer films of
PB and Ni-PBA nanoparticles in a 0.1 M KCI aqueous solution
controlled at pH 3.  Scan rate is 100 mV/s.
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Fig. 4.  Electron-rectification properties of the low-temperature
sintered double-layer (DL) films of the PB (bottom layer) and
Ni-PBA(top layer) nanoparticles on ITO glass substrates ina 0.1 M KCl
aqueous solution controlled at pH 3 (Scan rate is 100 mV/s). (a):
Cyclic voltammograms of the DL films of a Ni-PBA layer with a
150-nm thickness and a PB layer with two different thicknesses of 10 or
20 nm. (b): Cyclic voltammograms of the DL films of a Ni-PBA layer
with increased thicknesses from 50 to 250 nm and a PB layer with a
constant 20-nm thickness. (c): Cyclic voltammograms of a Ni-PBA
layer with a 150-nm thickness and a PB layer with a 20-nm thickness in
an aqueous solution of LiCl or NaCl instead of KCI.
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Fig. 5. A proposed mechanism of the rectification phenomenon.
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Fig. 6. FE-SEM cross section and top-view images of the
low-temperature sintered film with a thickness of 20 nm of the PB
nanoparticles at 150°C, and top-view image of the bare ITO glass
substrate. ~ Scale bars are 100 nm.

Fig. 7. FE-SEM cross section image of the low-temperature sintered
double-layer DL film composed of the PB nanoparticle bottom layer
(thickness; 20 nm, sintering temperature; 120°C) and Ni-PBA
nanoparticle top layer (150 nm, 150°C).
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