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A Space LATTICE is an infinite, periodic array of mathematical points,
in which each pointhas identical surroundings to all others.

ACRYSTAL SIKULTUKE 15 3 perloaic artangementof atoms in e crystal
that can be describadby a LATTICE + ATOM DECORATION (called aBASIS;
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Simple Cubic Structure (SC)

+ Rare dueto low packing denisty (only Po has this structure)
+ Close-packed directions are cube edges.

+ Goordination #=6
(% nearest neighbors)
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Atomic Packing Factor (APF)
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Body Centered Cubic Structure (BCC)

+ Atomstouch each other along cube diagonals.

~Note: Al atoms are identical;the center atomis shaded
differently only for ease of viewing

ex Cr. W Fe (a). Tantalum, Molybdenum
« Coordination #= 8

T
RS

2 atoms/unit cell: 1 center + 8 comers x 1/8.

e @




image10.png
Atomic Packing Factor: BCC

+ APF for a body-centered cubic structure = 0 68
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Face Centered Cubic Structure (FCC)

« Atoms touch each other along face diagonals.
“Note: Allstoms are deniical:he face-centered stoms are shaded
differenty only forease of viewing

ex Al Cu, Au,Pb, Ni, Pt Ag
* Coordination #

2

Call v

scasen tom =g 31 cave

4 atoms/unit cell 6 face x 1/2 + 8 comers x 1/8
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Atomic Packing Factor: FCC

« APF for a face-centered cubic structure = 0. 74

maximum achievable APF
7

e
60
DA
AQ3)
uan‘:r:ssll ‘I ;—u (Za4)3 “V::grr:e

APF
2 volume
unitcell

e

Close-packed directions
length=4R= {2 a

Unit cell contains:
6x1/2+8x1/8
= 4 atoms/unit cell
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Hexagonal Close-Packed Structure

(HCP)

+ ABAB.. Stacking Sequence
+ 3D Projection

+ Coordination #= 12
+ APF=074
- da=1633

+ 2D Projection

Asites Top layer
Bssites Middle layer
Bottom layer

6 atoms/unitcell
ex: Cd, Mg, i, Zn
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Theoretical Density, p

Mass of Atoms in Unit Cell

Density= 9 = S Votume of Uit Cell
nA
PE N
where umber of atoms/unit cell

tomic weight
Volume of unitcell = &° for cubic
N.=Avogadro’s number

=6.023 x 10 atoms/mol
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Theoretical Density, p

+ Ex Cr(BCC)
A=52.00 g/mol
125nm

n=2

a=4R{3=02887 nm

aioms
unitcell -—
olume /l-.\ aoms

unitcell mol Crager 3- 18 @
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Densities of Material Classes
In general

Why?
Metals have
 close-packing
(metallic bonding)

Prmetals > Pesramics > Ppolymers
»

 oftenlarge atomic masses

Geramics have.
 less dense packing
- often lighter elements
Polymers have.
+low packing density
(often amorphous)
 lighter elements (C.H.0)
Composites have.
 intermediate values
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Section 3.6 — Polymorphism

+ Two or more distinct crystal structures for the same
material (allotropy/polymorphism)
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Chapter 3: The Structure of Crystalline Solids

ISSUES TO ADDRESS...

+ How do atoms assemble into solid structures?
(for now, focus on metals)

+ How does the density of a material depend on
its structure?

+ When do material properties vary with the
sample (i.e., par) orientation?
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Materials and Packing

Crystalline materials.
+ atoms pack i periodic, 3D arrays
« typical of  -metals
-many ceramics
-some polymers

Noncrystalline materials.

+ atoms have no periodic packing

+ occurs for.  -complexstructures
—rapid cooling

"Amorphous” = Noncrystalline

crystalline Si0z
A tenmy 320,

+8i  eOxygen

noncrystalline Sioz
s ey 2220,

B,
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Section 3.3 — Crystal Systems

Unitcell: smallestrepetitive volume which
contains the complete lattice pattern of a crystal.

7 crystal systems

14 crystal latiices
-y

a, b, and care the lattice constants
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Metallic Crystal Structures

+ Tend to be densely packed

Reasons for dense packing

- Typically, only one element s present, so all atomic
radii are the same.

- Metallic bonding is not directional.

- Nearest neighbor distances tend to be small in
order to lower bond energy.

- Electron cloud shields cores from each other

Have the simplestcrystal structures.

We will examine three such structures.
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Fig. 3.1 Atomic configurstion &
Face.Centered-Cubic
Atrmgement

It's geomerry!

Unit Cell: The basic structural unit of a
Crystal structure. lts geometry and atomic
positions define the crystal structure.

Aunit cell s the smallestcomponentof the
crystal that reproduces the whole crystal when
stacked togetherwith purely transiational
repeiition

Note
Wore ihan one unitcell can be chosenfora given
crystal siructure but by convention/convenience
the one with the highest symmetry is chosen.
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