MS2041 lecture notes for educational purposes only
I Crystal symmetry
3-1  Symmetry elements
(1) Rotation symmetry
(a)two fold (diad ® ) 2
(b)three fold (triad & ) 3
(c)four fold (tetrad W ) 4
(d)six fold (hexad O ) 6

(2) Reflection (mirror) symmetry m
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\ mirror

(3) Inversion symmetry (center of symmetry) 1
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(4) Rotation-Inversion axis

360°
n

= Rotate by - then invert.

(a) one fold rotation inversion (1)

(b) two fold rotation inversion (2)

= mirror symmetry = m

(c) inversion triad (3)

AN
L/

= Qctahedral site in an octahedron

Note:;
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(d) inversion tetrad (4_1)

= tetrahedral site in a tetrahedron

(e) inversion hexad (é )

G a

Hexagonal close-packed (hcp) lattice
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3-2 Fourteen Bravais lattice structures

Construct Bravais lattices from symmetrical point of view

3-2-1 1-D lattice

3 types of symmetry can be arranged in a 1-D lattice
(1) mirror symmetry (m)
(2) 2-fold rotation (2)

(3) center of symmetry (1)

.--o-_n---o--o--o--.c)-"-_.o--o--o-.o_-O--{ .
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e

3-2-2 2-D lattice
Two ways to repeat 1-D = 2-D

(1) maintain 1-D symmetry
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(2) destroy 1-D symmetry

(a) Rectangular lattice (a=b + y=90°)

Maintain mirror symmetry m

3asss

Symmetry elements in a rectangular lattice
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Unitcell @b . 7 =90°
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(b) Center Rectangular lattice (a=b - » =90°)

Maintain mirror symmetry

$isiditidats

Symmetry elements in a center rectangular lattice
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Unit cell
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Rhombus cell (Primitive unit cell)

a:b s ]/75900

(c) Parallelogram lattice (a=b - y #90°)

Destroy mirror symmetry

°o$o°c:_o c>$c

L=
'S
L

Unit cell
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(d) square lattice (a=b - y =90°)

Symmetry elements in a square lattice

N

Unit cell

(e) hexagonal lattice (a=Db, y =120°)

Symmetry elements in a hexagonal lattice

o—4—0

Unit cell



MS2041 lecture notes for educational purposes only

3-2-3 3-D lattice : 7 systems - 14 Bravais lattices

Starting from parallelogram lattice a=b . y # 90°

——

(L)Triclinic system 1-fold rotation (1)

5= (D
X/b\/

azbzc,a# =y =90°

lattice center symmetry at lattice point as shown above which

the molecule is isotropic (1)
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(2) Monoclinic system

0
y

A
U

\V

azb#c»a=4=90° =%y

one diad axis
(only one axis perpendicular to the drawing plane =

maintain 2-fold symmetry in a parallelogram lattice)

(1) Primitive monoclinic lattice (P cell)

Primitive monoclinic lattice (P cell)

(2) Base centered monoclinic lattice

A 7

a

B-face centered monoclinic lattice
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The second layer coincident to the middle of the

first layer - and maintain 2-fold symmetry

Note: other ways to maintain 2-fold symmetry

A-face centered monoclinic lattice

If relabeling lattice coordination )i/ > /
y

then A-face centered monoclinic lattice = B-face centered

monoclinic lattice

(3) Body centered monoclinic = Base centered monoclinic

So monoclinic has two types
1. Primitive monoclinic

2. Base centered monoclinic
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(3) Orthorhombic system

azb#c> a=pB=y=90°

3 -diad axes

(1) Derived from rectangular lattice (a=b » y =90°)
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- to maintain 2 fold symmetry

o — - —

The second layer superposes directly on the first layer

(a) Primitive orthorhombic lattice
=1 1]

(b) B- face centered orthorhombic

= A -face centered orthorhombic
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(2) Derived from centered rectangular lattice (a=b - y =90°)

i
S —
R
——

(a) C-face centered Orthorhombic

®
)

® @

C- face centered orthorhombic

= B- face centered orthorhombic
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(b) Face-centered Orthorhombic (F-cell)

a=b=c> a=p8=y=90°

One tetrad axis

starting from square lattice (a=b - y=90°)

E—¢—N
Nl

N

(1) maintain 4-fold symmetry
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(a) Primitive tetragonal lattice

First layer

— Second layer

(b) Body-centered tetragonal lattice

— First layer

@ ‘ Q—> Second layer

® O

(5) Hexagonal system

a=b=c > a=f=90° y=120°

One hexad axis

starting from hexagonal lattice (a=b - y=90°)
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(1) maintain 6-fold symmetry

Primitive hexagonal lattice

(2) maintain 3-fold symmetry

gas

O

0_0_9 ®
o_0O

0%:%0% oog

® o ¢

Rhombohedral lattice
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(6) Cubic system

4 triad axes ( triad axis=cube diagonal )

Cubic is a special form of Rhombohedral lattice

Cubic system has 4 triad axes mutually inclined along cube

diagonal
(@) a=90° Primitive cubic
Cc
Bla b a=b=c > a=p8=y=90°
a/r
(b) a=60° Face-centered cubic

a=b=c>a=p=y=60°

= 2 regular tetrahedral
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(C) a=109° Body-centered cubic

a=b=c> a=p=y=109°



