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Chapter 4: The Structures of Crystalline Solids

ISSUES TO ADDRESS...
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Metallic Crystal Structures

How can we stack metal atoms to minimize empty space?

Metallic crystal structures tend to be densely packed.
Reasons for dense packing:

Metals have the simplest crystal structures.
We will examine three such structures: FCC, BCC, HCP
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4.2 The Face Centered Cubic (FCC) Crystal Structure

Face Centered Cubic (FCC) Crystals

The number of atoms per unit cell, N
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4.2 The Face Centered Cubic (FCC) Crystal Structure

Coordination Number = the number of nearest neighbor or touching atoms

Atomic Packing Factor (APF)

For FCC crystals, APF = 0.74

a

2 a

Adapted from Fig. 3.1(a),
Callister & Rethwisch 9e.

Volume of atoms in a unit cell
Total unit cell volume
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4.3 The Body Centered Cubic (BCC) Crystal Structure

Body Centered Cubic (BCC) Crystals

The number of atoms per unit cell, N

For BCC, the coordination number is 8.

Adapted from Fig. 4.1,
Callister & Rethwisch 9e.
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4.3 The Body Centered Cubic (BCC) Crystal Structure

APF for a body centered cubic structure = 0.68

aR

Adapted from Fig. 4.1(a), 
Callister & Rethwisch 9e.
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Simple Cubic (SC) Crystal Structure

Rare due to low packing density (only Po has this structure)
Close packed directions are cube edges.
The coordination number of SC crystals is 6.
APF for a simple cubic structure = 0.52

Fig. 4.2, Callister & Rethwisch 9e.
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Adapted from Fig. 4.3(a),
Callister & Rethwisch 9e.

4.4 Hexagonal Close Packed (HCP) Structure

ABAB... Stacking Sequence
Example: Cd, Mg, Ti, Zn
The coordination number of HCP crystals is 12.
The number of atoms per unit cell, N, is 6.
APF for a HCP structure = 0.74.
c/a = 1.633

c

a
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4.5 Density Calculations Metals

Theoretical Density for Metals,

Ex: Cr (BCC)

n
A
VC a
N

VC N
n A

aR

Adapted from Fig. 4.1(a), 
Callister & Rethwisch 9e.
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Densities of Material Classes

In general

metals > ceramics > polymers

Why?

Metals have...

Ceramics have...

Polymers have...

Composites have...
Callister & Rethwisch, 9e.
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4.12 Polymorphic Forms of Carbon

Diamond

Graphite

Fig. 4.17, Callister & Rethwisch 9e.

Fig. 4.18, Callister & Rethwisch 9e.
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4.12 Polymorphic Forms of Carbon

Graphene

Carbon Nanotube (CNT)

C60 (Bucky Ball)
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4.13 Polymer Crystallinity

Ordered atomic arrangements involving
molecular chains
Polymermolecules are often only partially
crystalline (or semicrystalline), having
crystalline regions dispersed within the
remaining amorphous material.
Percent crystallinity

The degree of crystallinity of a polymer
depends on the rate of cooling during
solidification as well as on the chain
configuration.
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Crystals as Building Blocks

Some engineering applications
require single crystals:

Properties of crystalline materials
often related to crystal structure.

Polycrystals

(Courtesy P.M. Anderson)

Callister 5e
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Single vs. Polycrystals & Polymorphism

Single Crystals

Polycrystals

Polymorphism

Callister & Rethwisch 9e Callister & Rethwisch 9e
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a

4.16 Linear and Planar Densities

Linear Density of Atoms LD =

a

Callister & Rethwisch 9e.
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4.16 Linear and Planar Densities

Planar Density of (100) Iron: At T < 912 C iron has the BCC structure.

R

Ra

a2

Callister & Rethwisch 9e
The Structure and Properties of Materials

Structure
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4.16 Linear and Planar Densities

Planar Density of (111) Iron

a
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4.17 Close Packed Crystal Structures

FCC & HCP crystal structures

FCC Stacking Sequence

HCP Stacking Sequence

B B

B

BB

B BC C

C
A

B
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X Ray Diffraction

Diffraction gratings must have spacings comparable to the wavelength of
diffracted radiation.
Can’t resolve spacings
Spacing is the distance between parallel planes of atoms.
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Interference and Bragg’s Law

Constructive interference vs.
destructive interference

Bragg’s Law
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X Rays to Determine Crystal Structure

Incoming X rays diffract from crystal planes.

d
d

Callister & Rethwisch 9e

d



223 SCHOOL OF MECHANICAL ENGINEERINGLECTURER: PROF. SEUNGTAE CHOI

X Ray Diffraction Pattern

Callister 8e.
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