Solid State and Material Science
CHM 448
Lecture 1

Classification of Materials
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Introduction to Solid State Chemistry and Material Science

Now why do we talk about solid state chemistry and material

science? Because, as an example, engineering systems are
made of solids. We talk about the chemistry that constitutes
your laptop computer or the chemistry that constitutes the
laser_pointer. But we will also talk about soft matter. We as
human beings are chemical machines. When this hand
changes shape, it is a polymer that is changing conformity.
These eyes are photodetectors, |E)fand gap | of about two
electron volts. They're not made of gallium nitride. They're
made of organic compounds. Inside, what supports us, it's a
ceramic skeleton. So solid state chemistry describes life
science as well.
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Materials

* Material is anything made of matter, constituted
of one or more substances. Wood, cement,
hydrogen, air and water are all examples of
materials.

* Materials are the parts required to make
something else, from buildings and art to stars
and computers.
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Materials Science

* Materials science is an interdisciplinary field applying
the properties of matter to various areas of science
and engineering. This scientific field investigates the
relationship between the structure of materials at
atomic or molecular scales and their macroscopic
ﬁroperties.
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Materials Science and Engineering

 Materials Science: Investigating relationships that
exist between the structure and properties of
materials

* Materials Engineering: Is, on the basis of these
structure-property correlations, designing or
engineering the structure of a material to produce a
pre-determined set of properties
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Structure of Material

e Sub atomic - electrons and nuclei (protons and
neutrons)

* Atomic - organization of atoms or molecules

 Microscopic - groups of atoms that are normally
agglomerated together

* Macroscopic - viewable with the un-aided eye
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Composition, Bonding, Crystal Structure and

Microstructure Define Materials Properties
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The classification of materials

This is about matter and the different forms of
matter. Over here we have the simplest form of
stuff, which is the(element) We're going to work our
way all the way through the table (Periodic Table),
starting with electronic structure and how
electronic structure governs stuff.
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According to its Physical State
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Solid State

Solids: are the chemical substances which are characterized by define shape and yolume, rigidity, high density,
low compressibility. The constituent particles (atoms, molecules or jons) are closely packed and held together

by strong inter-particle forces.

Types of Solids

The solids are of two types : Crystalline solids and amorphous solids.

Distinction Between Crystalline and Amorphous Solids

uﬁ Ahdsoa) Adblaiailg cddlall d3USTIg «dodlally ccpadxa 9 ,_S..o @H AuSluauSUl Sl gall P duliall 3l gall
Aogill Slaswadd! (0 S9i Anilfey 359 S dolie (SUgd o liszanll of )All) & gSall ilasuad)

dduall Slgall glgil

claill 3 L) B5Sall Olasuonl) 3539 elatin oS a0 1ysld] ddsall 3lgall (_2
= el
sladll § g &Sl Slarwal) platie ()5 e Goind Y 5)sliall af dlallslgall o l

\ . N
2PN 5 o

Crystalline solid

1 - These have definite and regular arrangement of the
constituent particles in space.

2 —These are true solids.

3 - These have long order arrangement of the particles.

4 - These are isotropic in nature i.e., their physical
properties are same in all the directions

5 - They have sharp melting points.

6 - They undergo a clean cleavage when cut.
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Amorphous solids

These doesn't have any regular arrangement of the
constituent particles in space.

These are super cooled liquids or pseudo solids.
These have short order arrangement of particle.
These are anisotropic in nature, i.e., their physical
properties are different in different directions.
They melt over a certain range of temperature
They undergo irregular cleavage when cut

Byshiall pE dulal Slgal

sbiaill 3 &5Sall Olanurd) @i aiy o gy Y ]

A8l Ao dlga ol ol 6 Plgw p .2

Olagucnl) dY b g 3

Aalisall ClabaoY! § Ll 3bal lpalias of 6l dgiaday polgal) digldo 2 4
Lgma > 420 S o gl D

il ks alazia 8 pludY a6



According to their physical structure

Homogeneous materials: Materials that have a uniform
composition throughout its structure (i.e.=wsteel).

Heterogeneous materials: Materials that are composed
of dissimilar parts (i.e. wood). Isotropic materials:
Materials whose properties are identical in all directions
(.e. wsteel). Anisotropic materials: Properties of
anisotropic materials depend on the directions (axis).
Wood is an example for anisotropic materials.
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éf:, According to th@ysical structurD
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Chemical methods of separation include electrolysis.
Physical methods of separation include filtration, distillation, and crystallization.




According to The@‘hemical Structure) aF \:;-9\»

Solid materials have been grouped into four categories:

Metals, ceramics, polymers, and composites (engineered combinations of
two or more different materials).
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According to The Chemical Structure
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Metals: Metals are composed of one or more metallic elements (e.g., iron,
aluminum, copper, titanium, gold, nickel). These elements band together In
a mass with metallic bonds. Due to the nature of metallic bonds, metals
have a very reqular and well-defined structure. They conduct heat and
electricity well (by free electrons). Metals generally can make plastic

deformations. (i.e., copper. Gold. iron. etc.)
\
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Cfefams: are compounds between metallic and nonmetallic elements;
they are most frequently oxides, nitrides, and carbides. For example,
common ceramic materials include aluminum oxide (or alumina, Al,O,),
silicon dioxide (or silica, SiO,), silicon carbide (SiC), silicon nitride (Si;N,),
and, in addition, those composed of clay minerals (e.g., porcelain), as well
as cement and glass. ceramic materials are relatively stiff and strong—
stiffnesses and strengths are comparable to those of the metals
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Polvymers: are organic compounds that are chemically based on
carbon, hydrogen, and other nonmetallic elements (i.e., O, N, and
Si). Furthermore, they have very large molecular structures, often
chainlike in nature, that often have a backbone of carbon atoms.
Some common polymers are polyethylene (PE), nylon, poly(vinyl
chloride) (PVC), polycarbonate (PC), polystyrene (PS), and silicone
rubber. These materials typically have low densities
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Composites: A composite is composed of two (or more) individual
materials that come from the categories previously discussed. The
design goal of a composite is to achieve a combination of properties
that are not displayed by any single material and also to incorporate
the best characteristics of each of the component materials.
Furthermore, some naturally occurring materials are composites—
for example, wood and bone. However, most of it are synthetic
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Figure 1.11 Several common objects
made of polymeric materials: plastic
tableware (spoon, fork, and knife), billiard
balls, a bicycle helmet, two dice, a lawn
mower wheel (plastic hub and rubber tire),
and a plastic milk carton.

Figure 1.9 Familiar objects made of o

metals and metal allgys (from left to right): il w (:—'
silverware (fork and kvhﬁeé. scissors, coins, a

gear, a wedding;ing, and a nut and bolt.

Figure 1.10 Common objects made of
ceramic materials: scissors, a china teacup, a
building brick, a floor tile, and a glass vase.




