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Abstract: ZnO is a metal oxide material which possesses versatile properties and applications. Therefore,
the target-oriented preparation of ZnO has become a major issue. Many preparation techniques involve
bottom-up methods from precursor solutions. In the current contribution, a special precursor system is
described that enables a fine-control of kinetic parameters for the nucleation and growth of ZnO in various
organic solvents. A large variety of analytical techniques could be applied in an in situ fashion to probe for
the ZnO formation at all times and all length scales. Among the analytical techniques are UV/vis, Raman,
Fluorescence, X-ray absorption, 1H NMR-spectroscopy, dynamic light-scattering, and TEM. Three different
regimes for nucleation and growth with different characteristics could be identified. Furthermore, the effect
of different parameters on the resulting ZnO particle size was investigated.

Introduction

Zinc oxide (ZnO) has become the most widely studied metal
oxide material. The tremendous interest is provoked by the
multifunctional character of ZnO, the option to vary its
properties via the adjustment of morphology (size and shape),
and the ease of synthesis of even very complex ZnO materials.
It crystallizes in the Wurtzite structure. The P63mc crystal
structure is unique due to its noncentrosymmetrical elemental
cell possessing a hexad axis of symmetry. P63mc is a member
of the polar crystal class. For such crystals particular surfaces
exist corresponding to lattice planes containing only one type
of atoms, either Zn or O. Thus, a ZnO crystal terminated by
polar surfaces like the unreconstructed (0001)-surface (Zn2+

terminated) and the (0001j)-surface (O2- terminated) exhibits a
dipole moment along the crystallographic [0001] direction. As
a consequence, ZnO is both pyroelectric and piezoelectric which
represents the basis for applications as electromechanical or
thermoelectrical coupling devices.1 ZnO is a II-VI wide-gap
semiconductor with a direct gap around 3.4 eV and an exciton
binding energy of ∼60 meV. This makes ZnO a promising
material for UV light-emitting-diodes (LEDs) and lasers.2,3 In
addition, ZnO is also used in solar cells,4 fieldsemission

displays, as a high-efficient green phosphor,5 as an UV-
photodetector material,6 as a gas-sensor,7,8 or varistor.9 Apart
from the mentioned, upcoming applications it is also important
in large-scale products like in catalysis, respectively methanol
synthesis over Cu/ZnO catalysts,10-12 or in the rubber industry,
or as an UV-blocker in sun-lotions.13 A more comprehensive
description of zinc oxide can be found in one of the recent,
excellent review articles.14

Due to its importance and the potential of zinc oxide, it is
obvious that enormous efforts have been made to explore
expedient synthetic ways to ZnO with different particle size,
various particle shapes and tailor-made hierarchical organization.
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