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Abstract

Photochemical properties of zinc oxide nanoparticles and their photocatalytic activity in the processes of the reducti@ndffi ions
as well as mixtures of Cii-Ag" and Cd*—Ag" ions have been investigated. Optical properties of ZnO/Cu, ZnO/Pb, ZnO/Ag/Cu, ZnO/Ag/Cd
and ZnO/Ag/Zn nanocomposites have been examined.

It has been found that a decrease in the size of ZnO nanoparticles from 6.0 nm to 4.4 nm results in the strengthening of quantum confinement
of photogenerated charge carriers, growth of the band gap and the potentials of the conduction band and the valence band of the semiconductor
It has been found that ZnO nanoparticles smaller tHan & 0 nm photocorrode with the formation of metallic zinc when the colloidal solution
is irradiated with the mild UV light. An increase in the potential of the conduction band electrons and the ability of ZnO nanopatrticles to
accumulate excessive negative charge have been supposed to be the principle reasons of advanced photochemical activity of ZnO nanoparticle
with 2R<6.0 nm.

Mie theory has been applied to analyze the parameters of surface plasmon resonance bands of metallic copper in ZnO/Cu nanocomposites
as well as to estimate an average size df Ganoparticles formed on the surface of the semiconductor.

It has been found that Cu(ll) photoreduction rate increases substantially wheonsgre present in the irradiated systems. Photocatalytic
reactions in these systems result in the formation of ternary bimetallic ZnO/Ag/Cu nanocomposites.

It has been shown that Cd(ll) ions, which are stable towards photoreduction on the surface of ZnO nanopatrticles, can be co-reduced with
Ag" cations giving ternary ZnO/Ag/Cd nanocomposites with peculiar optical properties. Correlations between the conditions of co-reduction
of metal cations and the parameters of partially disturbed silver plasmon bands in the optical spectra of colloidal ZnO/Ag/Cd and ZnO/Ag/Zn
have been established.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction An advantage of this method lies in the opportunity to con-
trol the composition of metal—-semiconductor nanostructures
Photochemical reduction of the cations of some metals through variations in the conditions of photochemical reac-
(for example, Ag, Au, Cu, Pt, Pd, Cd, etc.) induced by semi- tion[1,2,5,9,11-13]This method can be successfully applied
conductor nanoparticles (T§OZnO, SnQ@, CdS, ZnS, etc.)  forthe synthesis of multicomponent composites consisting of
are of great interest not only as model processes for the invessemiconductor nanocrystals and several metals in the form of
tigation of photocatalytic properties of ultradispersed semi- alloy or “core—shell” structurgl4].
conductors, but also as one of the methods of the preparation Metal-semiconductor nanostructures manifesting proper-
of nanostructured metal-semiconductor compogiteg1]. ties of the semiconductor and the metal find wide application
in photocatalysis due to the ability of metallic component
* Corresponding author. Tel.: +380 44 265 0270; fax: +380 44 265 6295. {0 accumulate electrons generated at the absorption of
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electrons within the metal “pool” of the nanocomposite im- Composite ZnO/Ag nanoparticles have been synthesized
proves primary charge separation and boosts photocatalyticin ethanol and 2-propanol similar {&3] via photocatalytic
[1-7,10-12,15,16and photoelectrocatalyti@,17] activity reduction of AgNQ@ on the surface of ZnO nanoparticles.
of the semiconductor. Irradiation of the solution containing [Zn0O]=2110"3M

In case of the semiconductor nanoparticles with quantum and [AgNQGs;] =7.5x 107> M to 1 x 10~*M up to complete
confinement effects, photochemical reactions can sometimesconversion of AJ ions results in the formation of ZnO/Ag
be performed, having no analogues in the world of bulk (mi- nanocomposite with the average size of°Amnoparticles
crometer) semiconductor crystals. The effects of quantum 1.8-2.0 nn{13].
confinement may substantially affect both optical and photo-  Solutions have been irradiated in glass parallel-sided
chemical properties of ultradispersed semicondu¢®i<]. 1.0cm cuvettes with the filtered light of 1000 W mercury
These effects originate from the changes in energetic charac-high-pressure lamp. Glass 5.0 cm cuvette filled with water has
teristics of charge carriers photogenerated in semiconductorbeen placed between the light source and the work cuvette
crystals as small as exciton delocalization domain (typical to avoid heating of the latter. Light intensity was adjusted
range of this domain is 1-10 nr{8,18]. Growth of absolute by calibrated metal semi-transparent filters and measured by
potentials of conduction band electrons and valence bandferrioxalate actinometry.
holes, at a decrease in the size of nanoparticles, may lead Optical spectra were registered using Specord M-
to substantial increase in photochemical and photocatalytic40 double-beam spectrophotometer (spectral range
activity of ultradispersed semiconductor. Cases, when size-185-900 nm, resolution 0.1 nm, precision of absorbance
dependent alterations of energetic characteristics of chargemeasurements 0.005).
carriers give rise to redox processes, which are thermody-
namically forbidden for bulk crystals of the semiconductor,
are of particular interest. The vivid example of the latter phe- 3. Results and disscussion
nomenon is the process of cathodic photocorrosion of zinc
oxide nanoparticles (the bulk crystals of this semiconductor 3.1. Synthesis, optical and photochemical properties of
are stable towards the reductive photocorro$i®]) result- ZnO colloids; formation of binary ZnO/Zn
ing in the formation of composite ZnO/Zn nanoparticles. We hanocomposites
also discuss some peculiarities of the photochemical synthe-
sis of binary (ZnO/Cu and ZnO/Pb) and ternary (ZnO/Ag/Cu, ~ Basic hydrolysis of zinc acetate by sodium hydroxide in
ZnO/Ag/Cd and ZnO/Ag/Zn) nanostructures, evolution of 2-propanol is well studied, reproducible and comparatively
their absorption spectra in the course of the synthesis and thesimple method of the preparation of colloidal ZnO nanopar-

effect of photoreduction conditions on the optical properties ticles[20-23] We have found that analogous procedure may
of the nanocomposites. also be carried out in ethyl alcohol. The latter method has two

advantages. First one lies in a possibility to synthesize more

concentrated (up to 2 10-2 M) zinc oxide colloids as com-
2. Experimental pared with 2-propanolic solutions, where ZnO nanoparticles

become unstable already at [ZnO] x2.0-3 M. The second

ZnO nanoparticles in 2-propanol have been synthesizedadvantage is simple control of the size of ZnO nanoparticles
via the basic hydrolysis of zinc acetate (reagent grade) by through variations in reagents’ concentratiofig). 1 shows
sodium hydroxide (pure) at < [20-23] In typical pro- absorption spectra of ethanolic ZnO colloids of two differ-
cedure, dry powdered Zn(GE0OO0O), (0.0915g, 0.5mmol)  entconcentrations. At a decrease of zinc oxide concentration
is dissolved at continuous refluxing in 60 ml of anhydrous
twice-distilled 2-propanol at 50—6. Resulting solution is
diluted to 230 ml by 2-propanol and cooled t6@ again. 1.2
Powdered NaOH (0.032 g, 0.8 mmol) is dissolved in 20 ml
of anhydrous 2-propanol at 50-60 and then cooled to ]
0°C. Solutions of sodium hydroxide and zinc acetate are 0.81
slowly mixed at intense refluxing at°@. After the synthe-
sis, colloidal ZnO solution is heated for 2 h at 5560 Fi-
nal colloidal ZnO solution has an absorption band with steep 047
long-wave edge at 365—-370 nm and contains spherical ZnO
nanocrystals with the average diametet 6.5 nm[20,21] 1
Colloidal solutions of zinc oxide in ethanol have been pre-

pared in the same way from zinc acetate, sodium hydroxide in
anhydrous ethyl alcohol. Solutions of Ag(l), Cu(ll) and Pb(ll) Fig. 1. Absorption spectra of colloidal ZnO solutions in ethanol after the

have been prepared from reagent grade AGNCuCh and mixing of the reagents (1), after 2 h ageing at 55260[Zn0] = 1x 103 M
Pb(CHCOO). in (2) and 2x 1072 M in (3).
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