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mBSTRACT Pure ZrO,, TiO, and ZrO,-TiO, mixed oxide nanoparticles were synthesized by hydrothermal method. The influence of preparation condition on the morphology, crysﬁ
phases and particle size in the sample was Investigated In order to obtain high photocatalytic activity of ZrO,-TiO, composite. Both Raman and XRD results indicated that a light
structure disorder In the ZrO,-TiO, mixed oxide samples related to an incorporation effect of ZrO, and TiO, nanocrystals. FTIR analysis confirms existence of the surface OH-groups on
the sample, indicating the capability of the ZrO,-TiO, catalyst. The photocatalytic activity of samples was evaluated by the degradation of methylene blue under UV-Vis irradiation. The
results show that the mixed oxide ZrO,-TiO, nanoparticles exhibited photocatalytic activity better than that of the pure oxides. In order to explain the properties of the mixed system, the
structures of (ZrO,), (n=1-11) clusters and the ZrO,-TiO, mixed oxide are built and analyzed using the framework of the Density Functional Theory (DFT). We calculate the formation
energy, electronic structures and stabilities for varying configuration of (ZrO,), (n=1-11) clusters, and also (ZrO,)./TiO, anatase (001) surface. The calculation results show that the
surface characteristics of the mixed oxides may change due to the formation of new sites In the interface between the components. Compared with experimental results, a theoretical

@alysis by computer simulation Is expected to clarify the enhanced photocatalytic activity of ZrO,-TiO, mixed oxide In detalil. /

| INTRODUCTION I SIMULATION METHOD

The structures and stabilities of (ZrO,),, (n=1-:- 12) clusters are calculated using DFT.
Geometry optimizations with full relaxation of all coordinates are done for these
clusters In attempt to find the global minimum on the cluster potential hypersurface
of each cluster size. Calculations of total energy and electronic structure were carried

ZrO, doped TiIO, showed enhanced photocatalytic activity, many properties of this
nanostructured mixed metal oxides were reported to be better than that of TiO.,.
In this work, ZrO,; TiO, and ZrO,-TiO, nanopowders were synthesized by hydrothermal

method. We investigated the influence of the preparation condition on the morphology, crystal out using the CASTEP package within the framework of DFT. The Perdew-Burke-

Ernzerhof (PBE) parameterization of the generalized gradient approximation (GGA)
[1,2] was adopted for the exchange-correlation potential. Optimization, total density
of state (DOS) and projected DOS (PDOS), adsorption energy, charge transfer,
Raman modes calculations was performed.

RESULTS AND DISCUSSION

1. Experimental 2. Simulation method

Zr0,, TiO, and ZrO,-TiO, nanopowders were synthesized by 91 7¢O, clusters
hydrothermal method. Firstly ZrOCI, was added drop by drop to CA and 2

phases and particle size In the sample In order to obtain high visible photoactivity of
nanocrystals.

We calculated the formation energy, electronic structures and stabilities for varying
configuration of (ZrO,), (n=1-11) clusters, and also (ZrO,),/TiO, anatase (001) surface.

NH,NO; solvent, which was continuously stirred for 20 minutes Then the We built the (ZrO,), clusters (n=1-11). Among the different T .. Y e
mixture was transferred into an autoclave and kept at 190°C for 24h. configurations of (TiO,), clusters we find that the most | = 22- e gt

After centrifugation, and washing, the samples were dried in the air at stable configurations (have a least total energy) 5 21- e 3150-
50°C. sl o

1.1. Structural Characterization e " / L L
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_ Increasing size, from n=5 the energies _ U
Figl.IXRD patterns oderO2 - TIO, Fig2.IRama:jn spectra of ZrO, — TiO, rFeIIga?(.e-Io-lhe change very slow. ®1, 838zg5 & AR K
samples, pure TiO, and pure ZrO samples and pure TiO : g N TEE TRE
TIO2 Is anatasez, for ZrO2 rznonoclinic being predomzinant phase. models Raman caICL_llatlons show 4 strong and T e
(Zr0,). sharp peaks in the range of 600-900 cm-

For the mixed TiO2/ZrO2: new XRD peak (*) at 30,7600 is peak (131)
of orthorhombic Zr:Ti,O,, (PDF card No.34 - 0209).
The anatase phase of TiO2 shows 6 active Raman modes.

Anatase TiIO2 Eg (144cm-1) shifts towards lower wavenumbers with 2 2 Ti10., anatase (001) —(1X4) surface
the ZrO2 content, that indicates the incorporation ZrO2-TiO2. 2

1 (related O-O bonds) Fig 8. Raman activity modes of
(T10,),, clusters n=9 and 11

Based on results of the possible adsorption positions we have
constructed the (ZrO,): /TiO, -001 models.

As for surface models, a vacuum region of 15A° 1s embedded
along surface normal to minimize interactions between surfaces
of adjacent slabs.

Based on result of the finding the local minimum (LM) of the
total energy, we found the most possible adsorption position.

] N — The anatase (001) - the chemically more
reactive surface. We build the (1x4)
reconstruction of the anatase (001) surface
(ADM) : periodically adding rows of TiO2
molecules to the flat unreconstructed
surface.[3] STM/AFM measurement IS
consistent with ADM models [4].
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Fig3. Pore-size distribution and N2 adsorption—desorption isotherms of ZrO, — TiO,

BET Surface Area: 163.40 (m?/g); pore size 8.9 nm 29 (Zr()z)n/TiC)2 anatase (()0]_) ADM
1.2. Photocatalytic activity |

ads): AEads = Eads.sys - (E001 * Ecluster)
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The photocatalytic activity was evaluated by measuring the decomposi-
tion of MB under visible-light irradiation. Photocatalytic efficiency was
evaluated by intensity peak at 665 nm In absor. spectra of MB solution
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" Eneray (@) A negative A4 Indicates that the molecule adsorption is
exothermic and thus the adsorption system Is
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"l o - Fig. The relaxed models (Zr0O,), and (ZrO,): adsorption DOS and PDOS of (Zr0,),/TiO, energetically stable [5]
T T anatase TI02 (001) ADM Su_rfaces _ _ The values of AE,_,, show that the (ZrO,), clusters /TiO2
S L The (ZrO,): clusters /TiIO2 001 ADM surface have chemical adsorption 001 ADM surface have chemical adsorption characters,
Fig4. Photodegradation of MB Fig5. Schematic Energy level diagram characters. The system has small band gap (~1eV). there are some strong bonds between them.
[ under visible light (A = 667 nm) ] This result is consistent with the Raman measurements.
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photocatalytic activity in comparison with neat TiO2.

DFT calculations were successful performed to investigate the (ZrO2)n (n=1..11) clusters, (ZrO,)./TiO, hybrid
system. Adsorption energy calculation suggest that the (ZrO2)n clusters are flexible and coalescence into lager
clusters on the anatase (001) surface .




