Luminescence properties of Eu-doped ZnO nanocrystal/polymer hybrid
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Rare-earth doped semiconductors are expected as novel optical material because of their sharp optical emission spectra. ZnO nanocrystal (NC) having absorption edge at ultraviolet region is one of the most appropriate host materials for the visible photoluminescence (PL) centers. However, in the conventional NCs, excited carriers are mostly lost through surface recombination, and PL efficiency degrades. Furthermore, NCs tend to agglomerate, which deteriorates material homogeneity. Here we propose a nano/polymer hybrid structure, in which Eu doped ZnO (ZnO:Eu) NC is covered and chemically bonded by a polymer, to solve these problems. We discuss the energy transfer from the host NC to the rare-earth element based on the results of PL measurements.

ZnO:Eu NCs/polymer hybrid are synthesized by the chemical method. Zinc acrylate and europium acetate were mixed in methanol with methylhydrazine and purified water. After the reflux process, ZnO:Eu NCs/polymer hybrid was synthesized by the hydrolysis and polymerization processes in the solution. The size of ZnO NC is estimated to be about 6 nm by x-ray diffraction. The X-ray photoelectron spectra suggest that the ZnO NCs and polymer are chemically bonded at the NC-polymer interface.

[image: image1.wmf]2.0

2.5

3.0

3.5

0

0.2

0.4

0.6

0.8

1.0

0

0.2

0.4

0.6

0.8

1.0

Photon Energy (eV)

PL Intensity (arb. units)

PLE Intensity (arb. units)

PL spectra of ZnO:Eu NCs/polymer hybrid (solid curve in Fig. 1) show strong PL band at 3.31 eV and broad band at 2.1 eV with small PL peak at 2.02 eV at room temperature. The band gap energy and exciton binding energy of ZnO at room temperature are 3.37 eV and 60 meV, respectively. Thus the strong PL peak located at 3.31 eV is attributable to the exciton transition in ZnO NCs. The broad PL band at 2.1 eV corresponds to the defect luminescence in ZnO.[1] The PL spectrum of ZnO:Eu without polymer, exciton PL peak is lower than that for the defect band under the same excitation condition. This demonstrates the chemical bonds at the interface efficiently suppress carrier recombination at the NCs surface. From the PL excitation spectrum monitored at 2.02 eV (dashed curve in Fig. 1), the small PL peaks at 2.02 eV is attributed to the transitions of Eu3+. The excitation spectrum also suggests that the excitation in ZnO NCs transfer to Eu3+ effectively.
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Figure 1: PL and excitation spectra of ZnO:Eu nanocrystals/polymer hybrid at room temperature.








