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Miller Indices Worksheet.
Fill in the blanks with the correct form of the Miller indices for the planes shown. Accurately draw the corresponding plane normal on
the sketch, indicating coordinates of the point where the ray exits the unit cell.

AN

Plane:

Direction:

Plane:

Direction:

Plane:

Direction:

Plane:

Direction:

Y4
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Miller Bravais Indexing Exercises
Write the proper form of the Miller-Bravais indices in the blanks, for the

planes shown.
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z (001) Plane referenced to
the origin at point O

(110) Plane referenced to the
z P R
1 origin at point O

Other equivalent
(001) planes

/ Other equivalent
X (110) planes
(a) (b)

z
(1117) Plane referenced to
the origin at point O

Other equivalent/
(111) planes Ficure 3.23 Representations of a
& series each of (a) (001), (b) (110),
© and (¢) (111) crystallographic planes.

Numbers indicate axis intercepts
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(120)
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1+ Extand the plana bo make it cut the crystal axis at points (a,b,c)

2 - lake the reciprocals of the intercepts (1/a, 1B, 1/g)

3 - mukipty or divide by the highast commaon facior to obtain the smallest ineper numbars
4 - replace NBGalve iNBGErs With & bar over 1he Hember, -1 Decomas T

v i if @ plane is parallel to an Bxis, we say il cuts at oo and Voo =0

itthe plane passes through the origin, we translate the unit cell in a suitatde direction
round brackels () describe a single plane, curly brackets { | 1o desoribe a family of planes
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Face Centered Cubic Lattice

Atoms per conventional cell: 4

First neighbors: 12
First neighbor diE.tamce.7 a

@
0\;".5“('; O‘“g

Conventional Cell

Second neighbors: 6
Second neighbor distance: a

Primitive Cell

Elements with FCC lattices include Al, Ag, Ca, Cu, Mi, Pb, and Pt.

D Rickards 989

oy

i SIS Ml S

Simple Cubic Lattice

Atoms per cell: 1

0’;',\0

First neighbors: 6
First neighbor distance: a

Second neighbors: 12
Second neighbor distanoe:"{E a

The only element known to form a simple cubic lattice 15 polonium

D Rickards 909

Body Centered Cubic Lattice

Atoms per conventional cell: 2
" First neighbaors: 84’3’
f_._,-i—,o First neighbor d\stanceT El
Second neighbors: 6

Second neighbor distance: a

o %

| Tol

i
Primitive Cell , ‘
-6,

Elements with BCC lattices include Cr, Fe, I, Li, Mo, Na, Ta, and W

Corwventional Cell

D Richards 2100
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Planar Density (PD)

PD = Number of atoms centered on a given plane

Area of the plane

Example: calculate the planar density on (1 1 0) plane of an FCC crystal.

a=2\2R

’ <T>
Count only the parts of the atoms within the plane:
2 atoms

area =22Rx4R

2 1
Pp= (@AR)2\2R) 42R

Linear Density (LD)

Number of atoms centered on a direction vector

LD =

Length of the direction vector

Example: calculate the linear density of an FCC crystal along [1 1 0].

( ‘) Effectively 2 atoms
along the [1 1 0]
.ie vector.
LD = 2/4R =1/2R

(b)

Length =4R

OA

www.iran—mavad.com

5Ja9llio g Slgo uwigo YSIy SgLls 2250



LR She

Density example

Calculate density of copper given: R = 0.128 nm
A =63.5 g/mol
FCC structure

Recall for FCC, there are 4 atoms per unit cell.
Express unit cell volume in terms of atomic radius R.

V=d = (22R) =16v2R’

Then we have:
:%: nA
V. N,16V2R’

P

B 4(65.3g/ mol)
(6.022x10% mol ™" )(1 6«/5)(1 28x10 % cm)’

i SIS Ml S

= 8.89 g/lcm®

Compare to actual value of 8.94 g/cm!

04
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Atomic packing factor (APF) for FCC

Vo = 4[57:1%]
3

@ Vit oot = a’ = (2V2RY =16\2R* m
5=
ApF = Vame _\3 - _oms Independent of R and a!
Vmu,ceu 16\f2R3 3\/5
N MSE280 (a) (b )

“Volume of Atomes
Volume of Whole Crystal

i . . '._\ _,-"I'
S N N W _,-*’I R . S
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Structure of NaCl

Cl- anions are red

Na* cations are grey

Cl-and Na* ions sit on
interpenetrating FCC lattices.

Close-packed directions

--along cube edges.

i SIS Ml S
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. LisBi
FeationManion = 0'2__2'5 0.414 0.73

- i} - ol -
tetrahedral octahedral cubic

144
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Perovskite
CaTiOgq

Ca0y; cuboctahedra
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© Metal atoms
O Octahedral interstices

© Metal atoms
O Octahedral interstices

FA
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Table 2-4 Systematic Absences of Diffracted Beams for Cubic Crystals.

Diffracted Beam Absent

None

(h+k +I)odd

hkl mixed odd & even

hkl mixed odd & even, or Akl all even and not
divisible by 4

Diffracted Beam Present
All

(h + k+1)even

hkl all odd or all even

hkl all odd, or Akl all even and
divisble by 4

Table 2-5 Diffraction Conditions for Cubic Crystals.

diamond cubic

Plane (hkl) Simple cubic fcc bee

(100) Present

(110) Present Present

(111) Present Present Present
(200) Present Present |Present

(210) Present

(211) Present Present

(220) Present Present Present Present
(300) Present

(221) Present

(310) Present Present

311 Present Present Present
(222) Present Present Present
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