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Point Groups
Read

Ott Chapter 9 (9.2, 9.6, 9.7 제외, Fig 9.4 포함) 

Hammond Chapter 2.1 ~ 2.4; 3.1 ~ 3.3; 4.1 ~ 4.3, 4.5; 5.1 ~ 5.6

Sherwood & Cooper Chapter 3.7

Krawitz Chapter 1.1 ~ 1.6; 2.1 ~ 2.4
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Lattice, Basis

 Lattice – an array of points in space in which the environment 

of each point is identical

 Basis (motif) – repeating unit of pattern

 Lattice + basis  crystal structure

Hammond Chap 2
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 Ten 2-D point groups (plane point groups)

 1, 2, 3, 4, 6, m, 2mm, 3m, 4mm, 6mm

 Only these combinations of axes & mirror lines can occur in regular repeating patterns in two dimensions  

(Hammond 2.3)

 5 lattices in 2-D (5 plane lattices) (Hammond 2.4)

 A basis (motif) can possess one of 10 point group symmetries in 2-D

 There are only 10 different types of 2-D patterns, distributed among the 5 plane lattices (10 plane point 

groups)

 7 more 2-D patterns from glide lines  17 plane groups (Hammond 2.5)

 p1, p2, p3, p4, p6, pm, pg, cm, p2mm, p2mg, c2mm, p2gg, p4mm, p4gm, p31m, p3m1, p6mm

 3-D, 14 possible lattices, 7 different axis systems

 The application and permutation of all symmetry elements to patterns in space give rise to 230 space 

groups (instead of 17 plane groups) distributed among 14 space lattices (instead of 5 plane lattices) 

and 32 point group symmetries (instead of 10 plane point group symmetries)

 Space group symmetry – the way things are packed together and fill space

 Space group – translational component = point group
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Ten 2D (plane) point groups

Hammond page 60, 61
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5 plane lattices

Hammond Chap 2
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17 plane groups

Hammond Chap 2
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Plane groups vs. Space groups

10 plane point groups 5 plane lattices

17 plane space groups

Glide (translation + reflection)

32 point groups 14 space lattices

230 space groups

Screw (translation + rotation)
Glide

Rotation
Reflection
Inversion Translation

Krawitz page 25, page 28
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Point group

 A group of point symmetry operations whose operation leaves at least 

one point unmoved 

 Lattice translation is not considered in the point group.

 A Point Group describes all the symmetry operations that can be 

performed on a molecule that result in a conformation 

indistinguishable from the original. 

 32 unique combination of symmetry operations about a point in space 

 32 point groups (32 3D point groups; ten 2D point groups)

Ott Chap 9
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Combination > X/m

 a mirror plane is added normal to the rotation axis,
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Combination > Xm

 a mirror plane is added parallel to the rotation axis, Xm
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Combination of rotation axes – should be mutually consistent

Page 149, Allen & Thomas, The Structure of Materials (MIT Series in Materials Science and Engineering) (1999)
Page 43, Buerger, Elementary Crystallography: An introduction to the fundamental geometric features of crystals (1978) 

Spatial arrangements for the six permissible combinations of
3 rotational symmetry axes passing through a point in crystals

Allowed sets of simultaneous rotational symmetries passing thru a point

222 223 224 226

234233
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Combination of rotation axes

Spatial arrangements for the 6 permissible combinations of rotational symmetry 
axes passing through a point in crystals after allowing all rotational repetitions

Page 150, Allen & Thomas, The Structure of Materials (MIT Series in Materials Science and Engineering) (1999)
Page 44, Buerger, Elementary Crystallography: An introduction to the fundamental geometric features of crystals (1978) 

222 223 224 226

234233
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Combination of rotation axes
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Combination of rotation axes > n2
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Combination of rotation axes
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 3-fold rotation axes are in non-orthogonal directions 

 body-diagonal directions in cubes (see page 14 of Krawitz)

23
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Combination of rotation axes >         2n
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Symmetry directions & Characteristic symmetry elements

Xtal systems Symmetry directions
Characteristic symmetry 

elements

Triclinic 1� or 1 only

Monoclionic b 2 and/or m in one direction

Orthorhombic a b c
2 and/or m in 3 orthogonal 

directions

Tetragonal c <a> <110> 1     or 1  

Trigonal c <a> 1 

Hexagonal c <a> <210> or

Cubic <a> <111> <110> 4 
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Notations in the “International Tables for Crystallography”

Krawitz page 10

up

down

up, right

down, left

.

.Black & Red; enantiomorphs

Chan Park , MSE-SNU Intro to Crystallography, 2021 22Krawitz page 11, 12
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32 point groups

 The point groups are made up from point symmetry operation and 

combinations of them (translation is excluded)

 X : x-fold rotation axis

 m : mirror plane

 1� : inversion centre

 �� : rotoinversion axis

 X2 : X-fold rotation axis + 2-fold rotation axis (X⊥2)

 Xm(m) : X + m ( X // m )

 ��2(2) : �� + 2-fold axis (��⊥2)

 ��m : �� + m ( X // m)


�

�
m : X + m1 + m2 ( X ⊥ m1, X // m2 )
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32 point group > Schönflies symbol vs. International (Hermann-Mauguin) symbol

Ott Chap 9
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32 point group > Schönflies symbol vs. International (Hermann-Mauguin) symbol
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Symmetry directions

Xtal systems Symmetry directions

Triclinic a1 ≠ a2 ≠ a3, α ≠ β ≠ γ ≠ 90o

Monoclionic b a1 ≠ a2 ≠ a3, α = γ = 90o ≠ β

Orthorhombic a b c a1 ≠ a2 ≠ a3, α = β = γ = 90o

Tetragonal c <a> <110> a1 = a2 ≠ a3, α = β = γ = 90o

Trigonal c <a> a1 = a2 = a3, α = β = γ < 120o ≠ 90o

Hexagonal c <a> <210> a1 = a2 ≠ a3, α = β = 90o , γ = 120o

Cubic <a> <111> <110> a1 = a2 = a3, α = β = γ = 90o
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(short symbols) 
full symbols 

2

7

5

7

3

3

5 Total 32

Ott Chap 9

Chan Park , MSE-SNU Intro to Crystallography, 2021 32

Laue class, Laue group; 11 point groups with center of symmetry 

Pecharsky Chap 2

11 32
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32 point groups
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32 point groups

X3       
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Crystallographic point 

groups & their subgroups
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Ott Chap 9
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Crystal symmetry

galena (PbS)
4 2

3
m m

Ott Chap 9
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Crystal Symmetry

 Crystal form (family of planes): a set of equivalent faces

 General form : a set of equivalent faces, each of which has symmetry 1 

 Special form : a set of equivalent faces, each of which has symmetry higher than 

1

 Limiting form : A special case of either a general or a special form. It has the 

same number of faces, each of which has the same face symmetry, but the 

faces are differently arranged.

 Asymmetry face unit : The smallest part of the surface of the sphere which, by 

the application of the symmetry operations, will generate the entire surface of 

the sphere

Ott Chap 9
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Crystal forms in 4/mmm (tetragonal) & their face symmetries

<c> <a> <110>

General form

Ott Chap 9
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Crystal forms in tetragonal system & their face symmetries

Ott Chap 9
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Molecular symmetryH2O molecule
mm2

Benzene
6/mmm

6/mmm

mmm

mmm

mm2

Ott Chap 9
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http://www.gh.wits.ac.za/craig/diagrams/benze.gif

benzene(C6H6) 

Molecular symmetry
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Molecular symmetry

Ott Chap 9

Chan Park , MSE-SNU Intro to Crystallography, 2021 44

http://www.gh.wits.ac.za/craig/diagrams/thiou.gif

Molecular symmetry

2mmThiourea

Check other examples in the Table 9.11, Ott
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Determination of point groups

 which one of the 7 crystal system? 

 characteristic symmetry 

elements

 Are rotation axes higher than 2 

present?  3, 4 or 6?

 Are these axes polar? Or is there an 

inversion center?

Must see examples in Ott Chap 9.4

all rotation axes are polar, which can be destroyed by the presence of certain symmetry 

elements

Ott Chap 9
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todos

 Movies and images of 32 point groups 

http://neon.mems.cmu.edu/degraef/pg/pg.html#AGM

 Table 9.11 of Ott

 Spend a lot of time to understand point groups of molecules & crystals

 Need to be able to determine point groups of most molecules & crystals

 Read

 Ott Chapter 9 (9.2, 9.6, 9.7 제외, Fig 9.4 포함) 

 Hammond Chapter 2.1 ~ 2.4; 3.1 ~ 3.3; 4.1 ~ 4.3, 4.5; 5.1 ~ 5.6

 Sherwood & Cooper Chapter 3.7

 Krawitz Chapter 1.1 ~ 1.6; 2.1 ~ 2.4

 Point group HW (due in 1 week) 

 Ott chapter 9 --- 1, 2, 3, 4, 5, 8, 9, 10, 11 (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

22, 23, 35, 36, 37, 38), 15(exclude c & d)(exclude figure 17~20)




