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Abstract — Nickel oxide films were prepard by using the electron beam evaporation technique. Coloring
and bleaching experiments for cyclic durability were repeated in KOH electrolyte by cyclic voltammetry.
Visible spectrophotometry was used to assess the stability of the transmittance in the degraded films.
X-ray photoelectron spectroscopy results showed that the grain surface are oxygen-rich compared to the
grain interiors in a NiO film. Open circuit memory of colored films is about 400 hours in 1N KOH. The
rate of self discharge was evaluated by measuring the transmittance at 550 nm of a fully oxidized NiO
film. The rate of self discharge was increased polynomially with time and the film is nearly bleached
after about 400 hours. It was also found that the degraded film by repeated cycles in the KOH solution
changed the grain shape of film surface. The film prepared under a vacuum pressure of 3x 10~ mbar
was found to be rather stable when subjected to the repeated coloring and bleaching cycles in KOH
electrolyte. Band theory applied to explain the electrochromic mechanism was discussed.
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Fig. 1. XPS spectra of the electrochromic NiO films be-
fore and after cycles in KOH electrolyte solution. a) Aft-
er 1 cycle, b) After 400 cycles.
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Fig. 2. XPS binding energy of a Ni in metallic and ox-
ide form. a) NiO state, b) Ni state.
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Table 1. XPS binding energies for NiO and Ni com-
pounds

Material Ni 2p,, Satellite Ni 2P,, Satellite O 1S
This work 854.6 861.8 872.6 881 530.5
NiO 8543 861.5 - - 529.7
NiO 854.4 - - - 529.5
NiO 855.0 861.1 873.0 8798 -
Ni(OH), 8564 862.2 - - 531.5
Ni(OH), 855.7 - - - 531.2
Ni 852.3 - - - 869.7
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Fig. 3. XPS spectra of Ni 2p and O 1s electron in color-
ed, bleached and degraded films. a) Ni 2p state, b) O 1s
state.

Table 2. Sample preparation conditions for XPS
analysis

Sample Preparation Conditions

After 1 cycle colored state
After 1 cycle colored state
After 1 cycle bleached state
After 1 cycle bleached state
C1 (before cleaning) After 400 cycles colored state
C2 (after cleaning) After 400 cycles colored state
C3 (after more cleaning) After 400 cycles colored state
D1 (before cleaning) After 400 cycles bleached state
D2 (after cleaning) After 400 cycles bleached state

Al (before cleaning)
A2 (after cleaning)
B1 (before cleaning)
B2 (after cleaning)
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Fig. 4. XPS valence band spectra for electrochromic
NiO films.
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Fig. 5. Cyclic voltammograms of electrochromic NiO
films after cycles in KOH electrolyte solution at room
temperature: a) cathodic peak, b) anodic peak.
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Fig. 6. Proposed electrochromic switching mechanism.
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Fig. 7. SEM micrographs of electrochromic NiO films
after 1 cycles and 400 cycles: a) bleached sample after 1
cycle, b) bleached sample after 400 cycles.
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Fig. 8. Self-discharge behavior of electrochromic NiO
film in KOH electrolyte solution at room temperature.
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Fig. 9. Spectral transmittance of electrochromic NiO films on ITO coated glass prepared with different vacuum pressure.
a) vacuum pressure: 3X 10™ mbar, b) vacuum pressure: 6X 10™ mbar.
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Fig. 10. Cyclic voltammograms of electrochromic NiO
films prepared with different vacuum pressure: a) After
10 cycles, b) After 100 cycles.
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