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Study Guide

Know the unit cells for

Simple Cubic (SC)
Body-Centered Cubic (BCC)
Face-Centered Cubic (FCC)
Diamond Cubic (DC)

Be able to visualize and draw crystal plane cuts for each true unit cell listed above, for all three principal
crystallographic cuts ({100}, {110}, and {111} ).

You should be able to do this given a picture of the unit cell, a physical model of the unit cell, etc.



Three important components to cubic crystallography:
(1) Cube Geometry
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Three important components to cubic crystallography:

(2) Fundamental Directions & Planes

Edges: <1 0 0> Face Diagonal: <1 1 0>
Faces / Squares: {1 0 0} Ramps / Wedges: {1 1 0}
z Z
A A
a 410 a
(100)
-->y -->y
[100] A a
’/ a },’ 2 [110]
X X

Another Trick for Naming Planes

Body Diagonal: <1 1 1>
Equilateral Triangles: {1 1 1}

For cubic unit cells:

Plane ( 21 k1) is perpendicular to direction[h k] :

(hkl) L[hkl]




Important Cubic Crystal Planes
(1) Draw the relevant shape for {h k [}
(2) Fill in where atoms are / aren’t (where do / don’t atoms touch?).
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Important Cubic Crystal Planes
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{1 11 } You are not responsible
for PPF calculations for
‘ ‘ this specific BCC plane.
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Identifying Crystal Planes
What crystal plane(s) are consistent with this array 7
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Close-Packed Directions:

Simple Cubic Body-Centered Cubic Face-Centered Cubic




Identifying Crystal Planes
What crystal plane(s) are consistent with this array 7

CC 0
X X
OOC

ve

. QOB e
OO

Both SC and FCC feature this type of plane.



Identifying Crystal Planes
What crystal plane(s) are consistent with this array 7
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PPF =0.79 PPF =0.79



Diamond Cubic

A CN=4 network of covalently bonded tetrahedrons formed by covalent group IV-A elements and a few other compounds.
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Diamond Cubic

A CN=4 network of covalently bonded tetrahedrons formed by covalent group IV-A elements and a few other compounds.

Three face-centers and one corner
comprise the vertices of each tetrahedron.
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Diamond Cubic

A CN=4 network of covalently bonded tetrahedrons formed by covalent group IV-A elements and a few other compounds.
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How many atoms total within one DC unit cell?
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How many atoms total within one DC unit cell? 8

Three face-centers and one corner
comprise the vertices of each tetrahedron.
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How are the lattice parameter and radius related for DC?
Unlike SC, BCC, and FCC, this is relation is not trivial.

We will show it / claim it here, without formal proof.

You will prove it within a homework assignment.

DC <110>
Projection



How are the lattice parameter and radius related for DC?
Unlike SC, BCC, and FCC, this is relation is not trivial.

We will show it / claim it here, without formal proof.

You will prove it within a homework assignment.

DC <110>
Cut



How are the lattice parameter and radius related for DC?
Unlike SC, BCC, and FCC, this is relation is not trivial.

We will show it / claim it here, without formal proof.

You will prove it within a homework assignment.

DC <110>
Cut



How are the lattice parameter and radius related for DC?
Unlike SC, BCC, and FCC, this is relation is not trivial.

We will show it / claim it here, without formal proof.

You will prove it within a homework assignment.

a\/3 = 8R
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Important Single-Component Crystal Structures

' Non-Close-Packed Structures
Packing Efficiency < 74%

Body-Centered Cubic
BCC

Diamond Cubic Simple Cubic

DC SC
DC <100>
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Increasing Coordination Number

Close-Packed Structures
Packing Efficiency = 74%

Face-Centered Cubic
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Cubic Close-Packed
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Later:

Double Hexagonal Close-Packed
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Hexagonal Close-Packed
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» Maximum Packing Efficiency

Increasing Packing Efficiency (APF)

For Equal-Sized Spheres



