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ZnO can be regarded as one of the most important metal oxide semicon-
ductors for future applications. Similar to silicon in microelectronics, it is
not only important to obtain nanoscale building blocks of ZnO, but also
extraordinary purity has to be ensured. A new gas-phase approach to
obtain size-selected, nanocrystalline ZnO particles is presented. The tetra-
meric alkyl-alkoxy zinc compound [CH3ZnOCH(CH3)2]4 is chemically
transformed into ZnO, and the mechanism of gas-phase transformation is
studied in detail. Furthermore, the morphological genesis of particles via
gas-phase sintering is investigated, and for the first time a detailed model
of the gas-phase sintering processes of ZnO is presented. Various analyti-
cal techniques (powder XRD, TEM/energy-dispersive X-ray spectrosco-
py, magic-angle spinning NMR spectroscopy, FTIR spectroscopy, etc.)
are used to investigate the structure and purity of the samples. In particu-
lar, the defect structure of the ZnO was studied by photoluminescence
spectroscopy.
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1. Introduction

Nanostructures, that is, structures with at least one di-
mension less than 100 nm, have received steadily growing
interest as a result of their fascinating properties.[1–6] There
are two main reasons for alterations in properties: increased
interface area, and the dominance of quantum size effects.
An understanding of the effects due to miniaturization,
their influence on the properties of materials, and the ex-

ploitation of these effects for the design of structures, devi-
ces, and systems with novel properties and functions are the
major goals of contemporary nanoscience and nanotechnol-
ogy. Besides metallic quantum dots, nanoparticles of transi-
tion-metal oxides are of high interest because variations in
the morphology (size and shape), composition, and valence
state of metals, as well as defect structures in the oxygen lat-
tice, allow one to tune the electrical, optical, magnetic, me-
chanical, and last but not least, the chemical properties.

Among different wide-bandgap semiconductors, zinc
oxide (ZnO) is a key engineering material on it own merits.
ZnO is a direct-bandgap semiconductor (Eg =3.37 eV at low
temperature; 3.30 eV at room temperature) with a free exci-
ton binding energy of 60 meV, which ensures exciton emis-
sion at room temperature and above. This makes ZnO an
excellent material for UV-light-emitting diodes (LEDs) and
lasers.[7–9] ZnO is also used in solar cells,[10–12] field-emission
displays, highly efficient green phosphor,[13] UV photodetec-
tors,[14] gas sensors,[15] varistors,[16] and catalysts.[17]

It is envisaged that enhancement of properties would
occur on decreasing the particle size into the nanometer
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