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/.’!!" ucture of Materials

- All materials - made of atoms — protons (+ve),
neutrons (no charge), and electrons (-ve).

- 118 elements are known (ref. to Periodic Table).

- Properties depend on how atoms are arranged
and bonded one to another.
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“Atomic Structure of Materials

Bonding forces between any two or more
atoms may be:

lonic, Covalent or Metallic bonding —
termed Primary bonds - strong, or

Van der Waals bonding — secondary bonds
- weak.

The different properties of materials depend
on the widely differing nature of these four
bonds.



Atomic Structure of Materials
=

lonic Bond
- Simplest type of bond

»  From Electrostatic or Coulombic forces (of
attraction) between +ve and —ve ions in solid
crystals

«  Example: Sodium Chloride (Common Salt, NaCl)
- Na* ions are surrounded by six Cl- and
- Similarly, a Cl- ion is surrounded by six Na* ions.






“Atomic Structure of Materials

In 1onic bonds, however, ions can separate
easily in a dielectric media, like water.

Thus most ionic crystals are hygroscopic,
and easily dissolve in water.

lonic crystals are transparent as single
crystals and are used mainly for lenses in
scientific instruments.
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Covalent Bond

« Results from two atoms sharing electrons.

- For each covalent bond, two electrons are
Involved.

« Covalent bonds are localised and directional
IN hature.




Examples:

1. Diamond :

hardest material in nature
consists entirely of covalent bonds.

The directional nature of the bond leads to a
tetrahedral arrangement — bonds directed
towards the four corners of the tetrahedron
(= solid figure with four triangular surfaces).
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Carbon tetrahedron

* Due to the strong
C-C bonds,
diamond is very
hard and is also
stable up to very
high
temperatures (up
to about 3,000°C).
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Silica (SiQ) - existing in two forms:

- Crystalline Silica, called quartz

- Amorphous Silica, called fused Silica or fused
guartz.

- A Si atom Is situated inside the tetrahedron with
four O atoms at the four corners.

- In the solid, tetrahedrons or tetrahydra are joined
at the corners.

- In amorphous silica, tetraheda are In zig-zag or
random manner (although joined at the corners).



‘ Oxygen Atoms

O Silicon Atoms

 Because of the covalent nature of the Si-O bonds,
silica is a very strong solid with a melting point of
about 1710°C.



Atomic Structure-of

Uses of some Covalently Bonded Materials:

Quartz crystals - as piezoelectric crystals for
oscillators, timers, quartz watches, etc.

«  Amorphous Silica - basic skeleton for the
structure of glass. Ions such as Na* and K*

occupy the voids between the tetrahedra in
glass.
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Metallic Bond

Present In almost all metals

- Characterised by delocalised nature of the
bond

- Metallic crystals consist of positively
charged ions with delocalised valence or
“conduction” electrons moving about freely
In the crystal.
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Metallic Bond

D __ B __B__ Gt Positive Metal Tons
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omic Structure of Materials

Result:

Bonds are non-directional

Atoms tend to form crystal structures which
resemble close packing of spheres with the
conduction electrons forming an electron gas
or cloud

Metals tend to be very good conductors of
electricity and heat

Metallic ions also move freely with respect to
each other leading to high plasticity of metals
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Van der Waals Bond

Weak bond

Attraction = polarisation (separation of the
centres of +ve and —ve charges in an
electrically neutral atom or molecule as it Is
brought close to its neighbours) of the
electric charges in atoms



~Atomic Structure of Materials

Van der Waals Bond

Common between covalently bonded chains
of atoms in polymers, and the attraction
between gas molecules

E.g. hydrogen bonds in water and some
organic materials: 0°C < m. p. < 400°C.




“Atomic Structure of Materials

In many materials, a combination of bonding
types is involved.

In graphite, sheets of carbon atoms are
covalently bonded within the sheet, with
sheets held by van der Waals bonds. Thus
graphite is soft as one layer of atoms can
slip over another layer making it suitable as
a lubricant for bushings.
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Other materials with sheet structures are
mica and talc.

Materials like polymers also consist of atoms
covalently bonded in chains held together by
weak van der waals bonds.




Crystal Structures ———

Solid materials = crystalline or amorphous

Crystalline — atoms or molecules arranged
In regular, repetitive and symmetrical
patterns periodic in 3D.

= Certain materials may consist of single
crystals (e.g. quartz crystals for timers;
and silicon crystals for semi-conductors)
— they are termed monocrystalline

— Those consisting of many crystals and
are called polycrystalline.
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Solid materials = crystalline or amorphous

Amorphous — though solid, they remain
liquid In their internal arrangement of

molecules — e.qg. glass, which Is described
as a “super cooled liquid.”



~ Atomic Arrangement in crystals

Atomic arrangements described by a system of
co-ordinate axes by three vectors a, b and ¢
(not co-planer)

a, b and c connect the position atoms of the
smallest volume of the crystal, which
characterises the arrangement and positions of
atoms, called a unit cell.

The quantities a, b and ¢ (the magnitudes of
the three system vectors) and the three angles
a, B and y are called lattice parameters.




Unit Cell (b)



Atomic Arrangement in crystals-
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The space lattice points in a crystal are occupied
by atoms.

The position of any atom in the 3D lattice can be
described by a vectorr,,,~ ua + vb + wc, where
u, vand w are integers.

The three unit vectors, a, b, ¢c can define a cell as
shown by the shaded region in Fig.(a)

This cell is known as unit cell (Fig. b) which when
repeated in the three dimensions generates the
crystal structure.



Atomic Arrangement in crystals-
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Crystal Systems

Bravais lattices

« The unit vectors a, band c are called lattice
parameters.

« Based on their length equality or inequality and
their orientation (the angles between them, «, f
and y) a total of 7 crystal systems can be defined.

« With the centring (face, base and body centring)
added to these, 14 kinds of 3D lattices, known as
Bravais lattices, can be generated.




Atomic Arrangement in crystals—

< Cubic;a=b=c,a=p=y=90°

S
Simple Body-centered =~ Face-centered
cubic cubic (BCC) cubic (FCC)

Tetragonal:a=b#c,a=p=y=90°

0/07) Simple Oé?‘) Body-centered

Tetragonal , Tetragonal (BCT)
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Atomic Arrangement in crystals

Tetragonal: a=b#c,a=p=7y=90°

Simple
Tetragonal

| Body-centered
Tetragonal (BCT)




Atomic Arrangement-in crystais

The seven systems used are summarised as follows:

e SRS R A

Cubic a=b=c, a=p=y=90°

Tetragonal a=b=#c, a=p=y=90°
Orthorhombic az=b=#c;, a=pf=y=90°
Rhombohedral a=b=c; a=f=9y+90°
Hexagonala=Db=#c, a=p=90° y=120°
Monoclinic azb#c, a=£=90°%y
Triclinic a#b=c;, a#f=y=+90°



Atomic Arrangement in crystals

Some Materials the Crystallise in these Crystal
Systems:

Crystal system Example

Triclinic K,S,04,K,Cr,04

Monoclinic As,S,, KNO,,CaS0,.2H,0, #S
Rhombohedral Hg, Sb, As, Bi, CaCO,
Hexagonal Zn, Co, Cd, Mg, Zr, NiAs
Orthorhombic Ga, Fe,C, a-S

Tetragonal In, TIO,, /-Sn

Cubic Au, Si, Al, Cu, Ag, Fe, NaCl
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