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Preface to the Second Edition

When the first edition of this book was published in 2000, we hoped that the
book would make the role of chemistry in materials science more visible,
especially to students, and provide an overview of chemical methods for the
synthesis of inorganic materials. The success of the first edition encouraged us
to revise and update the book, and we are grateful for the very positive
feedback.

In this 2nd edition, two chapters — Chapter 6 on porous materials and
Chapter 7 on nanostructured materials — have been completely re-written and
re-organized, mainly because of the rapid developments in these areas. We
have added new sub-chapters, for example on nanotubes and metal-organic
frameworks, new figures and new examples, such as biomorphous ceramics
and light-emitting diodes. Some sections now have a new focus, while the
recommended literature has been updated.

We hope that the second edition will continue to bridge the gap between
fundamental and applied science, and between the various disciplines in
materials science.

Vienna, August 2004

Nicola Hiising
Ulrich Schubert



Foreword

Within a textbook, there are several possible ways in which materials may be
treated, according to:

e their chemical composition (organic polymers, metals, oxides, nitrides,
carbides, etc.);
their physical state (ceramics, glass, composites, polymers, etc.);

e their properties and applications (electronic materials, magnetic
materials, optical materials, etc.);

e technological aspects (powder preparation, sintering methods, prepara-
tion of films or coatings, etc.); and

e the methods for their preparation (solid state reactions, polyconden-
sations, gas phase reactions, etc.).

In most materials science and solid state chemistry textbooks — even those
that are highly recommended ones — there is a regrettable lack of chemical
information. Materials science is often reduced to physical and technological
aspects, and chemistry is only introduced to discuss bonding and to describe
structures. Processes for the preparation and modification of materials — the
most important contribution of chemistry to material science — are mostly
treated just in passing — or perhaps not at all!

With this textbook we are attempting to fill this gap. The book is not
intended as a substitute for existing, physically or technologically oriented
textbooks on materials science, but rather to complement chemical aspects. The
nucleus of this book was a lecture course on “Inorganic materials from
molecular precursors” given by the authors at the Vienna University of
Technology. The selection of suitable precursors and the development of
correct conditions to obtain a product with the desired composition and proper-
ties and a suitable (micro-) structure is what chemists can contribute to
materials science.

Nevertheless, this textbook is intended for use not only by chemistry
students (for whom, we have tried to keep the number of physical formulae at a
minimum), but also by physics and materials science students (for whom, we
have tried to keep the required chemical prerequisites at a minimum). The
glossary at the end of the book may help to bridge the gap between
chemical/physical/materials science fundamentals.

In an up-to-date textbook, SI units should be used exclusively. However,
different scientific communities still have their own habits concerning physical
units (e.g., ceramists prefer Pascal, while CVD people prefer bar or atmosphere
as the pressure unit). We therefore decided to leave some transformations of
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physical units to the reader — with the help of a table at the inner cover of the
book.

Since the main focus of this book is on syntheses, we did not treat all major
inorganic materials comprehensively, neither did we discuss naturally
occurring materials such as lime, asbestos, gypsum, etc. Instead, some
materials were selected as examples to discuss the ways in which (natural or
artificial) chemical compounds are transformed into materials. For the same
reason, materials properties and technological aspects are discussed only
exemplarily.

The book is organized according to preparation processes. Since many
materials can be prepared using several methods, this organization inevitably
has the consequence that some materials are treated in more than one chapter.
For example, perovskites can be prepared by solid state reactions, by sol—gel
processing, by hydrothermal processes, or by CVD, and is therefore discussed
in different chapters.

One difficulty we were facing was to avoid writing a textbook on prepara-
tive inorganic chemistry, i.e., to discuss the preparation of inorganic materials
instead of inorganic compounds. In fact, almost any chemical compound is a
potential "material", and therefore the distinction is not always obvious. Not
being too conservative, we considered materials as compounds that are used
technically, or which have the potential for being used. In order to stay as close
as possible to the real world of material science, we have tried to introduce a
relevant technically applied material in most sub-chapters. The properties and
uses of this material are discussed exemplarily.

At the end of each chapter, a selection of more recent books and review
articles is provided, which may help the reader to study those processes under
discussion in greater detail.
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Abbreviations

AACVD aerosol-assisted chemical vapor deposition
a.c. alternating current

Ac acetyl

acac acetylacetonate = 2,4-pentanedionate
AFM atomic force microscope (atomic force microscopy)
AIBN azobis(isobutyronitrile)

ALD atomic layer deposition

ALE atomic layer epitaxy

AO atomic orbital

aq aqueous

Ar aryl

a.u. arbitrary units

BBU basic building unit

b.p. boiling point

Bu butyl

C critical point

cat catalyst

CBE chemical beam epitaxy

CBU composite building unit

CD compact disc

CDJp controlled double jet precipitation
cme critical micelle concentration

CMC ceramic matrix composite

CMR colossal magnetoresistance

COD cyclooctadiene

Cp cyclopentadienyl

CTAB cetyltrimethylammonium bromide
CVD chemical vapor deposition

CVI chemical vapor infiltration

D dimensional

d.c. direct current

DMF dimethylformamide

DMSO dimethylsulfoxide

DRAM dynamic random access memory
diglyme ethyleneglycol dimethylether
diphos 1,2-bis(diphenylphosphino)ethane
dpm dipivaloylmethanate (= thd or tmhd)
dppp 1,3-bis(diphenylphosphino)propane
EDTA (ethylenedinitrilo)tetraacetic acid

Er Fermi energy (Fermi level)
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Eq
Et

fce
G

g
GMR
HA
Hex
hdp
hfac

HIP
HOMO
HTV
IEP

IR

kg

L

|

LB

LC
LCVD
LED
Ln
LPCVD
LPS
LR
LUMO
M
MBE
MCM
Me
MLE
MMC
MWNT
MO
MO...
MOF
NLO
OAc
OM...

Pe

Abbreviations

equation

ethyl

face centered cubic

free energy

gaseous

giant magnetoresistance
hydroxylapatite

hexyl

hexagonal dense packing
1,1,1,5,5,5-hexafluoroacetylacetonate (= 1,1,1,5,5,5-hexafluoro-
2,4-pentanedionate)

hot isostatic pressing

highest occupied molecular orbital
high-temperature vulcanizing
isoelectric point

infrared

Boltzmann constant

ligand; or Lewis base

liquid

Langmuir-Blodgett (technique)
liquid crystal; or liquid crystalline
laser-assisted or laser-induced CVD
light-emitting diode

lanthanoid

low-pressure CVD

liquid phase sintering

liquid rubber

lowest unoccupied molecular orbital
molar; or metal

molecular beam epitaxy

Mobil composition of matter
methyl

molecular layer epitaxy

metal matrix composite
multi-walled nanotube

molecular orbital

metal organic ...

metal—organic framework
non-linear optic

acetate

organometallic ...

para; or pressure

critical pressure



PACVD
PE
PECVD
Ph
phen
PMMA
PMC
POSS
Pr
PTFE
PZC
PZT
PVD

Abbreviations

plasma-assisted CVD

polyethylene

plasma-enhanced CVD

phenyl

phenanthroline
poly(methylmethacrylate)

polymer matrix composite

polyhedral oligomeric silsesquioxane
propyl

poly(ethyleneterephthalate)

point of zero charge

lead zirconate titanate

physical vapor deposition

pyridine

organic group

random access memory

radio frequency

reflection high-energy electron diffraction
ring-opening polymerization
remote-plasma chemical vapor deposition
room-temperature vulcanizing

solid

self-assembled monolayer

surface acoustic wave

secondary building unit

supercritical fluid

secondary

single-electron transfer

self-propagating high-temperature synthesis
size-induced metal-insulator transition
solid-state metathesis

scanning tunneling microscope
single-walled nanotube

gel time

adiabatic temperature

critical temperature, or Curie temperature
glass transition (glass transformation) temperature
melting temperature

tert. butylarsine

transmission electron microscopy
tetraethoxysilane (tetraethylorthosilicate)
trioctylphosphineoxide

tertiary

XIX



XX Abbreviations

thd
THF
tmhd
T™MOS
Tr
TTT curve
UHV
uv

Vi
VPE
VTMS
wt
XRD
YBCO

tetramethylheptanedionate (= tmhd or dpm)
tetrahydrofuran

tetramethylheptanedionate (= thd or dpm)
tetramethoxysilane (tetramethylorthosilicate)
triple point

time—temperature-transformation curve
ultra-high vacuum

ultraviolet

vinyl

vapor phase epitaxy

vinyltrimethylsilane

weight

X-ray diffraction

yttrium barium copper oxide (high-temperature superconductor)
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