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(Title)
Development of efficient photoanodes for oxygen evolution using nanoporous titanium oxide
materials

(Purpose)

Design and development of an efficient photoanode for water oxidation to evolve O, for an artificial
photosynthesis device is highly desired for future clean energy providing systems. Purpose of the
research work, carried under this project was to expand the challenge to development of a competent
photoanode for water splitting based on various nanotextured porous TiO,-based electrodes. The
ultimate goal was to develop an efficient water splitting system that is able to produce H, and O, from
water in economically viable way.

(Experimental)

1. Transparent and well ordered mesoporous TiO, films (mesopore dimension ~ 10 nm) having high
surface area have been fabricated using a triblock copolymer F127 [poly(ethylene
oxide)-b-poly(propylene oxide)-b-poly(ethylene oxide), EO,PO,EO,] as a mesoporous structure
directing agent (SDA). Synthesis procedure has been optimized to obtain better quality crack-free
films with improved mesoporous properties.

2. Optically uniform TiO, films composed of small mesopore system (~ 2-3 nm) have been designed
and synthesized using laboratory made long chain alkyl-2-pyridinylmethylamines (PAL2-n, n = 16
and 12) as SDAs. Small mesopore systems were examined due to its slim pore wall which
increases possibility of more active surface for water oxidation.

3. Photoelectrochemical performance of different mesoporous TiO, based photoanode has been
investigated. TiO, photoanode has been modified by electrochemical deposition of chrome species
(act as inorganic sensitizer) over the mesoporous surface to improve visible light absorption

property.
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Figure 1. Generalized scheme for formation of mesoporous TiO, electrode using
self-assembly of SDAs

(Results)
1. Characterization of bidentate long chain alkyl-2-pyridinylmethylamines SDAs

Long chain alkyl-2-pyridinylmethylamines (PAL2-n, n = 16 and 12) SDAs were characterized by ‘H
NMR and FT-IR spectroscopy. 1H NMR spectra of these SDAs are shown in Figure 2. Schiff base
condensation of the aromatic aldehyde and alkyl amine results the long-chain imines in almost
quantitative yield. The resulting imine on borohydride reduction yielded the secondary amines. N
atoms located in the pyridine ring and in the side chain could donate their respective lone pair of
electrons to the framework Ti'V species and thus could act as SDAS to stabilize the nanostructure.
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Fiaure 2. 1H NMR spectra of bidentate SDAs

2. Characterization of different nanoporous TiO, based photoanodes

Mesoporous structures of the different TiO, films have been characterized in detail by small angle
X-ray scattering (SAXS), X-ray diffraction (XRD) measurement, scanning electron microscopy
(SEM) and UV-visible spectroscopy.

Representative SAXS patterns (Fig. 1) of TiO, film prepared by triblock copolymer F127 as SDA
as-made and calcined at 450 °C shows formation of mesopore of dimension around ~10 nm. Wide
angle XRD patterns (not shown here) confirm the formation of anatase phase upon crystallization of
the films at 450 °C. Variation and effect on mesoporous structure of the films by changing the
concentration of F127 and different block-copolymer has been also investigated.
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Figure 3. SAXS and wide angle XRD patterns of different TiO, films prepared by F127 as SDA

Formation of mesoporous structures of TiO, films prepared by PAL2-16 and PAL2-12 have confirmed
from low angle XRD measurement. Single diffraction peaks were obtained at low 26 having d ~ 2-4
nm for both the films, suggesting the formation of disordered mesoporous materials with no long
range mesoscopic ordering. Both these samples show noticeable diffraction peak after calcination
followed by UV-ozone treatment. Results show the exceptional stability of the small mesopores during
crystallization of the framework due to formation of carbon layer during UV-ozone treatment.
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Figure 4. XRD patterns of TiO, films prepared by PAL2-16 (a) and PAL2-12 (b) as SDASs
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3. Study of photoelectrochemical properties of different TiO, based photoanodes

Photoelectrochemical measurement of different TiO, based films (doping or without doping of chrome
species) have been studied in detail. Cyclic voltammetric (CV) measurements have been performed in
single compartment electrochemical cell using Ag/AgCI as reference electrode and Pt as counter
electrode. Under visible light irradiation the photoanodic current was highly induced due to water
oxidation. Chrome doped sample has more visible light absorption and photo-response compared to
the undoped films (Figure 5a). However, more interestingly undoped TiO, films have significant
visible light response on photocurrent generation (Figure5b), which are quite unique and interesting

features of these mesoporous films.
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