Unit 4 Chemistry and Advanced Materials

Being closely related to materials science, chemistry focuses on the atomic or molecular level, and

materials science deals with macroscopic properties, however

both together provide a proper understanding of how chemical composition, structure and
bonding of materials are related to the particular properties.
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But many arising problems like pollution of the environment or the toxicity of different

materials nowadays clearly reveal the need of a better understanding of the basic chemistry. It is

becoming widely recognized that no new method for extracting or processing a material can be
considered without good understanding of the real costs as _well as its fate after its lifetime.
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A number of important aspects have to be investigated for example whether the required
properties can be achieved and maintained during the use of a material, whether the material is
compatible with other parts of an assembly, whether a material can be easily recycled, whether a
material causes environmental problem, and whether a material can be produced economically.
a number of ...
whether.....whether...whether...
VI R BNy i U LA A, Tehn s SRR M AR A B9 ELE AR A R
AR LR, T RORHR 2R AR AR R, RS MR RE A S, REMRS S
BOABE R, DR T PR R ™

Taking the fact into account that most of the processes during the life-cycle of a product are
typically chemical reactions, it becomes obvious, that the solution of fundamental materials

science problem is intimately interconnected with our knowledge in chemistry.
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In general, research in solid state chemistry is concerned with investigations of synthesis,




structures and properties of solids. The most important motivation is to understand, to predict, and
to design the properties of solids with respect to both, chemical composition and their crystal and

electronic structures.
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Thus, solid state chemistry is mainly concerned with the development of new synthesis methods,

new ways of identifying and characterizing materials and of describing their structure. In the last
few years, the key direction of solid state chemistry lay in the search for new strategies of
tailor-making materials with desired and controllable properties.
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In the last few years, solid state chemists started to exploit a combination of covalent and

non-covalent interactions, i.e. they started to connect molecular chemistry, the chemistry of the

covalent bond, with supramolecular chemistry, based on non-covalent, intermolecular forces
(electrostatic interactions, hydrogen bonding, van der Waals forces).
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Molecular chemistry is concerned with uncovering and mastering the rule that govern the structure,

properties, and transformations of molecular species, whereas the supramolecular

chemistry is covering the structures and functions of organized entities higher complexity
formed by association of two or more chemical species held together by
intermolecular forces.
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The nanochemist” s future goal is to built and organize nanoscale objects under mild and
controlled conditions finally of one cluster of atoms or even one atom at a time instead of

manipulating the bulk, thus, providing a reproducible method of preparing materials that are
perfect in size and shape.
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At present, nanochemistry is concerned with the  development of novel methods for the synthesis

and characterization of chemical systems within the size range of about | nm to100 nm.

within the size range of....
P30 HAl, @RI K2 5T A Ml s MR AL A RGN ik, R REHE 1 91K
F 100 K NFTEH A .

The interest in nanoscale objects is due to the exhibition of novel electronic, optical, magnetic,
transport, photochemical, electrochemical, catalytic and mechanical behaviors, depending on

composition, size, and shape of the particles.

Due to....

PO YRR XGRAE T SNSRI e BE. 5. Jefbsi.
BT AEARIT AL ERE, BT RTINS OTRTEAR .

It is astonishing, that many relevant phenomena at nanoscale are caused by the organized structure

and by interactions at their predominant and complex interfaces.
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Each change in both. composition or size can lead to different physical and chemical properties,
providing a large number of new materials. Interestingly. it is true that the product of
nanochemitry exhibit new and useful properties, but at the same time it is not necessarily a need
for new starting materials: new applications and properties are rather a result of tailoring matter
and subsequently arranging the components by means of chemical interactions, so, ideally,
new properties can arise from a combination of inexpensive and environmentally harmless
components.
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But the chemist not only has to be able to synthesize perfect, i.e., monodispersed and
shape-defined objects having nanometer dimensions, but also may have to position these objects
in appropriately organized arrays. This may be tackled either by using lithographic

techniques or templating methods (molecular and supramolecular assembly processes,  or



deposition inside the void spaces of nanoporous host materials).
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