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Doping zinc oxide nanohybrids for application in white light emitting diodes

We present a study concerning the effect of doping in inorganic/organic ZnO/PAAH (polyacrylic acid) nanohybrids. The doping atoms vary in their ionic size, electronic valence and concentration. Some of them have been are known to provide ZnO with magnetic properties. The effect on the optical properties of the ZnO nanoparticles of three different concentrations (0.1 %, 1 % and 5 %) of dopants is compared. The luminescent properties of the undoped and doped nanohybrids are reported.

Introduction

Zinc oxide is a common direct and wide band gap semiconducting material (3.37 eV at room temperature [1]), which has usually been used for multiple applications in the UV range [2]. A good crystalline quality of ZnO is obligatory to obtain a high luminescent efficiency, but the recombination on the inevitable intrinsic defects present in ZnO crystal lattice is competing with the excitonic emission, making the efficiency of these UV devices rather low. Though a tremendous effort has been devoted to reduce the presence of these undesirable defects, they can actually be attractive as they give rise to a wide range of light emission from blue to IR, especially at the nanoscale. They can be used as phosphors in white light emitting diodes (WLEDs) and in plus, they are rare-earth-free. This fact is non negligible, as it is China who assures 95 % of the global supply in rare earth elements today.

Sample preparation

The synthesis method used reproduces the one described in our previous study, given in [3]. It is based on the of diethyl zinc (ZnEt 2 ) hydrolysis. 1.8 ml of a solution of diethyl zinc (15 wt%) in toluene is added dropwise in an aqueous solution containing 0.63 wt% of poly-acrylic acid, (PAAH).

During the synthesis process, the mixture is vigorously stirred all the time under inert atmosphere as ZnEt 2 is pyrophoric. The ethane resulting from the hydrolysis is constantly evacuated. The reaction scheme is as follows: 2) → ZnO nanohybrids Dopant salts (the source of the doping atoms) are solubilized in the PAAH aqueous solution before adding them to ZnEt 2 . After the phase (1) PAAH and the doping atom can be added (if any) -Fe 2+ , Fe 3+ , Al 3+ , Cu + , Cu 2+ , Y 3+ , among others. We also studied the doping with rare earths, for comparison. After phase (2), the obtained reaction product is washed and put at 70°C for 4 h.

ZnEt 2 + H 2 O (1) → ZnO + 2 EtH (

Optical measurements

The optical properties of the nanoparticle samples were measured using the photoluminescence (PL) set up. It consists of a continuous wave laser emitting at 266 nm (power of 8 mW, model Crylas FQCW 266-10). The emission from the sample was collected with an optic fiber, then dispersed by a spectrometer (iHR Triax 320 Jobin-Yvon) and detected using a liquid-nitrogen cooled Si CCD detector. Since our main concern is to obtain materials with a high PL yield, the photoluminescence internal quantum efficiency (PL iQY) of our samples was also measured, using an integrating sphere with the same excitation and detection set up as for the PL studies.

Results and discussion

The obtained results confirm in the first place what was also observed in the literature, that increase in the dopant concentration leads to the quenching of the visible luminescence of ZnO nanostructures, whatever the fabrication process. In our case, for some doping atoms, a low doping concentration (0.1 %) can improve or at least permits to maintain the same PL iQY, when compared to non-doped ZnO nanopowders [4]. Finally, doping in inorganic/organic ZnO/PAAH nanohybrids makes possible to tune the visible emission spectrum of this compound between 2.17 eV and 2.46 eV.

Conclusions

The degradation of photoluminescence internal quantum efficiency is not necessarily observed in then studied nanocomposites. At low doping concentration for some dopants with a small or comparable ionic radius to the one of Zn 2+ , PL iQY can be maintained or even improved, making it possible to tune the visible emission spectrum between 2.17 eV and 2.46 eV. This opens up the prospect of synthesizing phosphors without rare earths for white LEDs, whose spectrum can be rather easily tuned to fabricate warm or cold white light, by a chemical synthesis method having a low environmental impact.
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