Surface modified TiIO, photonic crystal photocatalysts by cobalt oxide
nanoclusters
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Titania inverse opal films were fabricated by the convective evaporation-induced co-assembly of PMMA . - . N SR\
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vertically suspended in vials containing the colloidal suspension and the titania precursor and were kept

at 55 °C until the solvent fully evaporated over 3 days. The composite films comprising the titania gel D A, (0°) A, (0°)¢

within the interstices of the close packed opal were then calcined at 500 °C, to remove the polymer (air) (H,0)

matrix and crystallize TiO, in the inverse opal structure.
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suspension E—) b D = macropore diameter of the TiO, inverse opal films determined by SEM.
¢ A®*P= stop band wavelength determined from the 15° incidence specular spectra.

d "= stop band wavelength predicted from modified Bragg law A = 2d;,,/n?,;, sin?0, where n? ., = n2 ;.. f + 1% 4 - f)
for =00 incidence angle and d,,; = 4/2/3D the spacing of the (111) crystal planes.

Co oxide modification was performed by immersing the TiO, inverse opals to 100 ml of 103 M
Co(acac),(H,0), solution for 24 h. The films were repeatedly washed with the solvent for the
physiosorbed complexes to be removed and dried, followed by heating in air at 500 °C for 1 h. ' | ﬁ o]
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Raman spectroscopy - identification of Cooxides [ =
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Morphology and surface characteristics
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Vibrations at 194, 482 kai 691 cm™ arise from the F,,, E, and A,;; modes of the tetrahedral (CoO,) and
octahedral (CoOg) units in the Co;0,= [Co?*][C03*],[O?], spinel. In defect-free CoO, first-order Raman
scattering is forbidden due to its centrosymmetric cubic NaCl-type structure. The higher intensity of
Co;0, Raman bands at 785 nm is due to the optical absorption and the resonant enhancement of
Raman scattering by the surface Co-oxides.

SEM images disclose highly ordered 3D periodic structures corresponding to the (111) planes of an fcc
lattice consisting of void spheres within the titania skeleton. The hexagonally arranged macropores were
well interconnected through smaller pores 40-90 nm (dark circular areas). HR-TEM reveals that the
skeleton consistw of ~10 nm nanoparticles with distinct d-spacings, the most common being 0.35 nm . .
due to the (101) planes of the anatase TiO, phase, while even smaller dark inclusions of ~1 nm (arrows) PhOtocatalytIC aCthty

Indicate the formation of "molecular” nanoscale CoO,. The photocatalytic activity of the photonic films was evaluated on the agueous phase degradation of

methylene blue (MB) and salicylic acid. The photonic films (~1.5 cm?) were placed horizontally at the
COOX surface modification EF.TEM, EDX bottom of be_akers containing MB (4 ml, 3 uM) or SA (3_ ml, 25 pM_) agueous golutlons, where they were
left for 60 min under dark conditions to reach adsorption-desorption equilibrium. The power density of
the incident beam from a Xe lamp on the film surface was 2.8 mW/cm? in the case of MB degradation

Energy-filtered ~ EF-TEM and nearly 1 sun (96 mW/cm?) for SA in the visible spectral range, respectively.
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XPS spectroscopy Cozp
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The Co ions oxidation state was investigated by XPS
measurements even at 68° incidence. The main Co2p3/2
peak Is located at 780.2 eV, which is indicative of both
Co*? and Co*3 ions (CoO, Co,0,, Co;0,). Nevertheless,
a satellite S peak seems to be present at +6.48 eV from
the main Co 2p3/2 peak, indicating the formation of
Co,0, species (6.3 eV), rather than CoO species where
the S peak should have come at +7.9 eV.

PC499 #3

Intensity (a.u.)

PC499 #2

6" NANO TODAY CONFERENCE

PC499 re

805 800 795 790 785 780 775
BE (eV)
Acknowledgments
[1] V. Likodimos, Photonic crystal-assisted visible light activated TiO, photocatalysis, Appl. Catal. B: Environ. 230 (2018) 269. Alexia Toumazatou is deeply indebted to the National and Kapodistrian University of Athens for their financial support to @

ONASSIS

[2] H. Tada, Q. Jin, A. lwaszuk, M. Nolan, Molecular-scale transition metal oxide nanocluster surface-modified titanium dioxide as solar- participate to the 6" Nano Today Conference and to the Onassis Foundation scholarship for doctoral studies. i .

activated environmental catalysts, J. Phys. Chem. C 118 (2014) 12077. D. Tsoutsou and A Dimoulas are gratefully acknowledged for availing XPS experiments.




