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Chapter 3 -

• Sketch the following and directions within a hexagonal unit cell
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Chapter 3 - 49

Sketch the [0110] and [2 2 4 3] directions in a hexagonal unit cell.
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Chapter 3 - 53 Chapter 3 - 54

HCP Crystallographic Directions

1. Vector repositioned (if necessary) to pass   
through origin.

2. Read off projections in terms of unit
cell dimensions a1, a2, a3, or c

3. Adjust to smallest integer values
4. Enclose in square brackets, no commas

[uvtw]

[ 1120 ]ex:       ½, ½, -1, 0          =>

Adapted from Fig. 3.8(a), Callister 7e.

dashed red lines indicate 
projections onto a1 and a2 axes a1
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Algorithm

Chapter 3 - 55

HCP Crystallographic Directions
• Hexagonal Crystals

– 4 parameter Miller-Bravais lattice coordinates are 
related to the direction indices (i.e., u'v'w') as 
follows.
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Fig. 3.8(a), Callister 7e.
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Crystallographic Planes

Adapted from Fig. 3.9, Callister 7e.
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Chapter 3 - 57

Crystallographic Planes
• Miller Indices:  Reciprocals of the (three) axial 

intercepts for a plane, cleared of fractions & 
common multiples.  All parallel planes have 
same Miller indices.

• Algorithm
1. Read off intercepts of plane with axes in  

terms of a, b, c
2. Take reciprocals of intercepts
3. Reduce to smallest integer values
4. Enclose in parentheses, no  

commas i.e., (hkl)

Chapter 3 - 58

Crystallographic Planes
z

x

y
a b

c

4.     Miller Indices      (110)

example a b c
z

x

y
a b

c

4.     Miller Indices      (100)

1.     Intercepts 1         1        
2.     Reciprocals 1/1      1/1     1/

1         1        0
3.     Reduction 1         1        0

1.     Intercepts 1/2        
2.     Reciprocals 1/½     1/ 1/

2        0        0
3.     Reduction 2        0        0

example a b c

Chapter 3 - 59

Crystallographic Planes

z

x

y
a b

c





4.     Miller Indices      (634)

example
1.     Intercepts 1/2     1      3/4

a         b        c

2.     Reciprocals 1/½     1/1     1/¾
2 1      4/3

3.     Reduction 6 3        4

(001)(010),

Family of Planes   {hkl}

(100), (010),(001),Ex:   {100} = (100),

Chapter 3 - 60

Crystallographic Planes (HCP)

• In hexagonal unit cells the same idea is used 

example a1 a2 a3   c

4.     Miller-Bravais Indices (1011)

1.     Intercepts 1         -1 1
2.     Reciprocals 1      1/

1        0 
-1
-1

1
1

3.     Reduction 1        0 -1 1

a2

a3

a1

z

Adapted from Fig. 3.8(a), Callister 7e.
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Chapter 3 - 61

Crystallographic Planes

• We want to examine the atomic packing of 
crystallographic planes

• Iron foil can be used as a catalyst. The 
atomic packing of the exposed planes is 
important. 

a) Draw (100) and (111) crystallographic planes 

for Fe.

b) Calculate the planar density for each of these 
planes.

Chapter 3 - 62

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

(100)

Radius of iron R = 0.1241 nm

R
3

34
a =

Adapted from Fig. 3.2(c), Callister 7e.

2D repeat unit

= Planar Density =
a2

1

atoms

2D repeat unit

= 
nm2

atoms
12.1

m2

atoms
= 1.2 x 1019

1
2

R
3

34area

2D repeat unit

Chapter 3 - 63

Planar Density of (111) Iron
Solution (cont): (111) plane 1 atom in plane/ unit surface cell

33
3 2

2

R
3

16
R

3
42a3ah2area =
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atoms in plane

atoms above plane

atoms below plane

ah
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3=
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1

= = 
nm2

atoms7.0
m2

atoms0.70 x 1019

3 2R
3

16
Planar Density =

atoms

2D repeat unit

area

2D repeat unit
Chapter 3 -

• Determine the planar density and packing fraction for FCC nickel in the (100),

• (110), and (111) planes. Which, if any, of these planes is close-packed?

• Solution: ao = 3.5167 Å
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