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New alternative sensitizers play important roles
in the further development of the biomimic solar cdl.
Herein we reported the sengitization d nanocrystalline
TiO, (nano-TiO,) by phaosynthetic protein for the first
time. As reported previously ¥, the dye (porphyrin and
its ramification) could effedively sensitize the
nano-TiO,. The photosynthetic readion center (RC)
isolated from purple baderia is a transmembrane
pigment-protein complex that contains
bacteriochlorophyll 2. In addition, the RC itself was a
very highly efficient material for the wnversion o
light energy into eledric energy. For the nano-TiO,
composite film sensitized by RC, its phaocurrent was
enhanced by 2-3 times in comparison with the
protein-free nano-TiO, film. The prepared films also
expanded the light-harvesting range to near-infrared
zone. Our results showed the promising wage of
nano-TiO, sensitized by phaosynthetic protein for the
development of phaioeledric energy converters.

The nano-TiO, was prepared by eledrochemicd
deposition in agueous 50 mM TiCls, pH 2-2.5. The
film was eledronicdly conducting. The SEM image
showed that the dedrodeposited TiO, particles were
uniform and their sizes were @ou 50-70 M. The
coating thickness increased continuowsly with
deposition time. However, the medhanicd defeds
increased when the thickness exceeded ~0.5 um. The
thickness used in experiments was about 400 nm. The
XRD results showed that this material was amorphous
in the hydrated form, and becane anatase dter firing at
450°C for 1h.

The immobilization for RC in nano-TiO, was
charaderized by a CCD Spedra-phaometer and a
eledrochemicd work station. Absorbance spectrum of
nano-TiO, sensitized by protein was shown in Figure 1.
The oyclic voltammetry was catried in a Tris-HCI
buffer (pH 8.0). For the RC-sensitized film, the base
line arrent increased and a small reduction pe&k at
potential of abou —0.06 V (vs. SHE) was observed,
which owed to the phato-initiated o eledric-driven
redox coude in RC. As a comparison, noredox peak
was observed for RC-freenano-TiO; film. It suggested
that RC enhances the light-to-eledron efficiency in
nano-TiO, film™¥. It could be explained that the protein
has a lot of interlocking goups (—COOH, —OH, —NH,,
etc.), adualy, which serve as an eledronic bridge, and
significantly enhanced the contad between the protein
moleaule and the semiconductor surface

Photosensitization d nano-TiO, by phao-
synthetic protein could incresse the phaocurrent at
magnitude of 2-3 folds than that of non-sensitized ore
in the wavelength range of 300-950 nm (Figure 2). It
could be concluded that the phaocurrent was enhanced
by the interadion between the protein and the
nano-TiO,. Under white light illumination (1x10% W

cm™?), a short-circuit phatocurrent of 2-3 pA cm was
obtained. The dedrochemicd and the
phaoeledrochemicd investigations indicated that the
structure and adivity of the protein were well
maintained.

The &sorbance band for the protein was mainly
in the range of 600-900 M, whil e the main absorption
band for TiO, was in the range of 300-500 mm (see
Figure 1). Thus, the compasite films sensitized by RC
protein prepared in this work expanded the
light-harvesting range to nea-infrared zone ad
enhance the @nversion efficiency in the whole visible
to NIR region.
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Figure 1 Absorbance spectra for nano-TiO2 and
RC/nano-TiO, film. The insert showed the difference
spedrum of the two films.
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Figure 2 Short-circuit photocurrent changes induced
by switching on( t) and df (}) the illumination for
the RC/nano-TiO, and nano-TiO- film.



