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, |_I:£and 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.

Sl gl
_3';34” ul-‘ Al P clallg c‘&.@." ecn9)dug! PRERPOR, | cadusell jSi 3i dalo 0 U}S-‘S d3lo (yo 1€ g ‘(é‘:' l§‘| P 2okl .

H9uasS) 5219 pgmill I 5ally Glall (po 6,5 T 6o pual dugllaall syl (2 3lgall o

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
F;roperties. "
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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

¢ \,}l
))\’/ C(\,Lluv poy IComposition ey
)

Bonding < > | Crystal Structure
- : .
o ,) f | \/‘_"’L.;"“"\ pasi Ther;;g;r;:g&agmcal
Microstructure

Electrical & \

; ical Thermal
Magnetic obaca

Properties Properties

\ Properties 4




gl Laiuas
The classification of materials

his I1s 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
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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
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According to their physical structure

Homogeneous materials: Materials that have a uniform
compaosition 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. wssteel). Anisotropic materials: Properties of
anisotropic materials depend on the directions (axis).
Wood is an example for anisotropic materials.
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According to their physical structure
eadl

Occupies space and L d" 2 el yade! oulsi
POSSEsses Mass; may
exist as solid, liquid,

of gas

. Y occurs in nature as \ v
A=
- Matter having an invariant Matter consisting of two or more pure
chemical composition and substances that retain their individual
distinct properties identities and can be separated by
; physical methods i
i i'"""""""""""': | i 'L """""""""" ]
' may be ' | may be ]
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Fundamental substance; cannot Substance composed of fwo or Mixture having a uniform Mixture not uniform in composition
be sepagated into simpler mgre elegents in fixed proportions; composition and propezfles and properties throughout
substances by chemical methods | | can be separated into simpler throughout (also called a solution)
substances and elements only by
chemical methods*

Chemical methods of separation include electrolysis.
Physical methads of separation include filtration, distillation, and crystallization.
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According to The Chemical Structure

Ceramics: Ceramic materials are formed by a combination of
lonic_and covalent bonds. Ceramics encompass a broad
range of materials, including glass, tired_clay products -
bricks, concrete, rocks. porcelain, etc. These materials have
high strength and _stiffness but their lack of fracture

toughness [l/50 of metals] limits their use in _engineering
applications. Ceramic_materials tend to fracture in a brittle

manner rather than to have plastic deformation. They can be
used as abrasive materials In industry {aos}. They are also
durable to _high temperatures [refractory materials]. Ceramic
materials do_not conduct heat and electricity well since they
have no free electrons.
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According to The Chemical Structure
+ 2 x
Na' CaA )(L
Metals: The chemical definition of a metal is an element with ane, two, or three valance
electrons. These elements band into a mass. with|metallic bondg. Due to the nature of

metallic bonds, metals have a very regular and well-defined structure. They conduct heat

and electricity well (by free electrons). Metals generally have the ake
plastic deformations. (i.e. capper. gold. iron. etc.)

Rolymers: Polymers are Qrganic or synthetic materials composed of long _molecules of
covalent bonded nonmetallic elements. such as C. H, O, N. Cl. Pol men; can be classified

as thermoplastics (polystyrene PV ), thermosets (epoxy), elastomers or rubbers (elastic
materials} and natural materials (wood). Examples: polystrene, PVC, rubber, wood, etc.

Composites: The need for materials with properties not found in conventional materials,

combined with advances in technology, have resulted in combining two or more materials
to form what are called Iomposite materials)yThese materials usually cambine the best

properties of their constituents and frequently exhibit qualities that do not even exist in
their constituents. Examples: concrete. reinforced concrete, etc.




According to The Chemical Structure . .--.--
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Metals: valence electrons are detached from atoms, and spread. in an ‘electron

sea‘ that "glues.” the ions together. Strong, ductile, cQnduct electricity and heat
well, are shiny if polished.

semiconductors: the bonding is covalent (electrons are shared between atoms).

Their__electrical _properties depend strongly on_ minute proportions of
contaminants. Examples: Si, Ge, GaAs.

Ceramics: atoms behave like either positive or negative ions, and are bound by

Coulomb forces (electrostatic forces). They are usually combinations of metals
or semiconductors with oxygen, nitrogen or carbon (exides, nitrides, and

carbides). Hard, hrittle, insulatars. Examples: glass, paqrcelain.

Polymers: are bound by covalent forces and also by weak van der Waals forces,
and usually based on C and_H, they decompose at moderate temperatures ( 100
- 400 C), and are lightweight. Examples: plastics ruhber.




Metals
Copper

Gray cast iron
Alloy steels

Ceramics
SiO,,-NaO-CaO

Al,O,, MgO, SiO,.

Barium titanate
Polymers
Polyethylene

Epoxy

Phenolics
Semiconductors
Silicon

GaAs

Composites
Graphite-epoxy
Tungsten carbide
cobalt
Titanium-clad steel

Applications

Electrical conductor wire

Automobile engine blocks

Wrenches

Window glass

Refractories for containing molten

metal

Transducers for audio equipment

Food packaging

Encapsulation of integrated circuits

Adhesives for joining plies in plywood

Transistors and integrated circuits

Fiber-optic systems

Aircraft components

Carbide cutting tools for machining

Reactor vessels

Properties

High electrical conductivity, good formability
Castable, machinable

damping

Significantly strengthened by heat
treatment

Optically useful, thermal

insulating

Thermal insulating, melt at high
temperature, relatively inert to molten metal
Converts sound to electricity

(Piezoelectric behavior)

Easily formed into thin, flexible,

airtight film

Electrically insulating and

moisture-resistant Strong, moisture resistant
Unique electrical behavior

Converts electrical signals to light
High strength-to-weight ratio

High hardness, yet good shock resistance
Has the low cost and high strength
of steel, with the corrosion resistance of titanium
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