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Abstract

Photocatalytic activity of bare colloidal TiO, nanoparticles (NPs, d~45A) and
surface modified with dopamine was obtained following degradation reaction of
herbicide RS-2-(4-chloro-o-tolyloxy)propionic acid (mecoprop, MCPP, C,,H;;ClO3)
under UV light irradiation. Results indicated that inner sphere charge transfer (CT)
complex is formed on the surface of TiO, NPs due to modification with dopamine
which induced decreasing of the photocatalytic efficacy of TiO, NPs.

Introduction

Titanium dioxide is the photocatalytic material which has been studied extensively
over the past decade because it is inexpensive, nontoxic, and photostable. The
absorption of photons with energy greater than band gap energy of TiO, (3.2 eV, A<
390 nm) promotes electron from the valence band to conduction band, leaving a
positively charged hole in the valence band. Most of the charges recombine either
radiatively or noniradiatively, while only a small fraction of the charges moves to the
surface and react with adsorbed species or be trapped in the midgap surface states
[1]. One of the possible ways to minimize charge recombination is to enlarge
separation distances before desired redox reaction occurs. This can be done by
surface modification of TiO, NPs with electron-accepting/donating species [2]. In the
nanosize regime, because of the large curvature of TiO, particles, the surface
reconstruct in such a way that distorts the crystalline environment of surface Ti
atoms forming coordinatively unsaturated Ti atoms, coordination change from
octahedral (bulk, inside the NP) to square-pyramidal for NP surface. Formation of
charge-transfer complex at the surface of NPs can adjust their coordination to
octahedral geometry and change the electronic properties of TiO, [3]. This type of
electronic coupling yields to instantaneous separation of photogenerated charges, the
holes localize on organic modifier and electrons delocalize in the conduction band of
TiO, NPs. In the scope of this work, we wanted to study the effect of fast and
enlarged separation distance of photogenerated charges induced by surface
modification of TiO, NPs and formation of CT complex, on photocatalytic activity of
TiO, NPs. Photocatalytic degradation of herbicide RS-2-(4-chloro-o-
tolyloxy)propionic acid (mecoprop, MCPP, C,oH;,CIO;) was used as model reaction
because of its wide use all over the world and usual occurrence in drinking water [4].
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Experimental

All chemicals used were of the highest purity available. All solutions were
prepared with triply distilled water. The TiO, NPs were prepared by controlled
hydrolysis of titanium (IV) chloride (Fluka), as described elsewhere [3]. Particle
size was determined using a transmission electron microscope, JOEL CXII. The
surface modification of TiO, NPs was accomplished by dissolution of Dopamine
(3-hydroxytyramine, puriss, Fluka) in TiO, colloidal solution. Spectrophotometric
measurements were carried out on a Evolution 600 UV-VIS spectrophotometer.
Photocatalytic degradation was carried out in a way described previously [4]. The
kinetics of MCPP degradation were studied by liquid chromatography- diode array
detection, Agilent Technologies 1100 Series, details as in ref. [4].

Results and Discussion
The absorption spectra of bare and surface modified TiO, NPs are presented in
Figure 1.
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It can be seen that the optical properties of bare TiO, NPs are changed due
to CT formation with Dopamine. We used three concentrations of Dopamine which
produced 25 %, 50% and 90% coverage of surface, undercoordinated Ti atoms (for
NPs with d~ 45 A, about 30% of Ti atoms are on the surface).

As can be seen in Fig. 2, MCPP can be decomposed with all applied
photocatalysts under UV irradiation. The best results were obtained with bare TiO,
NPs. Modified TiO, NPs showed lower photocatalytic activity, without linear
dependence with surface coverage of TiO, NPs with CT complex with Dopamine.
As the matter of fact, all applied coverages had almost the same photocatalytic
activity. One of the possible reasons for such results can be decreased adsorption of
MCPP on the surface of modified TiO,. This fact must be considered for 50% and
100% of coverage, but even 25 % of coverage reduced photocatalytic actitity. The
other reason can be based on the nature of the formed CT complex. Namely, all
concentration of CT complex on the surface of TiO, NPs was capable to extract
photogenerated positive holes from TiO, NPs. Obviously, extracted holes are not
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able to produce OH radicals which can oxidize MCPP and it seems that only
electrons from TiO, conduction band participate in the degradation of MCPP. As
can be seen in Fig. 1, surface modification induced red shift of the absorption onset
and charge transfer interaction between the modifier and surface Ti atoms also
induced fine tuning of the electrochemical potential of semiconductor NPs
indicating changes in oxidizing/reducing abilities. As already stressed in literature
[3], TiO, conduction band potential is kept constant while valence band potential is
moved due to modification, to lower potential and holes extracted through CT
complex are not capable to react with MCPP.
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Binding of the Dopamine molecules to undercoordinated surface Ti atoms (defect
sites) results in formation of inner-sphere charge-transfer complex, observed by
changes in the onset of absorption and effective band gap. Photocatalytical
degradation of herbicide MCPP was followed as model reaction for evaluation of
photocatalytic activity of applied catalysts. Modified TiO, NPs showed reduced
photocatalytic activity compared to bare TiO, NPs. Observed results can be
explained by reduced TiO, surface after modification, at which MCPP can be
adsorbed and inappropriate potential of holes extracted from TiO, NPs in
Dopamine molecule, for direct oxidation of MCPP molecule.
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