PHY 745 Group Theory
11-11:50 AM  MWF Olin 102

Plan for Lecture 6:

Examples of point groups and their characters
Reading: Chapter 3 in DDJ

1. Schoenflies notation

2. Hermann-Mauguin notation

3. Relationships between symmetries

Note: In this lecture, some materials are taken from an
electronic version of the Dresselhaus, Dresselhaus, Jorio text
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PHY 745 Group Theory

MWF 11-11:50 AM | OPL 102/ hitp /s 17phy 745/

Instructor: Matalie Holzwarth Phone:756-5510 Office: 300 OPL je-mall:natalefiwhi edy

Course schedule for Spring 2017

(Prefiminary schedule - subject to frequent adjustment )

Lecture date DDJ Reading Topic HW Due date

1 Wed 017112017 [Chap, 1 Definition and properties of greups B 0120017
2 Fri DINEMT Chap, 1 Theory of representations

Mon: 011162017 MLK Holiday - no class
3 \Wed: 017182017 Chap. 2 Theory of representations
4 Fri: 012002017 .Chap 2 Proof of the Greal Orthanaity Thearem #2 0172372017
5 Man: 01232017 [Chap. 3 Nation of characier of a representation w3 011252017
6 Wed 52017 Chap. 3 Examples of paint groups e 0173062017
T Fr:0v2rzamt
8 Mon: 01/3072017
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Point group symmetry elements in the Schoenflies notation

o [ = [dentity

o (', = rotation through 2r/n . For example Cy is a rotation of
180°. Likewise % is a rotation of 120°, while CF represents a
rotation of 60° followed by another rotation of about the

'
siune axis so that CF = Cy. In a Bravais lattic can be shown
that n in C, can only assume values of n= 4, and 6
The observation of a diffraction pattern with five-fold symmetry
in 1984 was therefore completely unexpected, and launched the

field of gquasicrystals.

a = reflection in a plane,

ay, = reflection in a “horizontal” plane. The reflection plane here
is perpendicular to the axis of highest rotational symmetry,

o, = reflection in a “vertical” plane. The reflection plane here

ighest svmmetry.

contains the axis of b
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Figure 3.1: Schematic illustration
of a dihedral symmetry axis. The
reflection plane containing the di-
agonal of the square and the four-
fold axes is called a dihedral plane.
For this geometry ogl(z,y.z)
(—y, —x,2).

e o, = reflection in a diagonal plane. The reflection plane here is a
vertical plane which bisects the angle between the two fold axes L
to the principal symmetry axis. An example of a diagonal plane
is shown in Fig. 3.1. #y is also called a dibedral plane.
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® i = inversion which takes

e 5, = improper rotation through 27 /n, which cousists of a rotation
by 27 /n followed by a reflection in a horizontal plane.

e i, = compound rotation-inversion, which consists of a rotation
followed by an inversion.

There are 32 distinct point groups generated by
combinations of these operations
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Point group symmetry elements in the Hermann-Mauguin
notation

Table 3.5: Comparison between Schoenflies and Hermann-Mauguin no-

ation,

e Schoenflies | Hermann-Mauguin
rotation & n
rotation-inversion iy fi
mirror plane T mm

" horizontal reflection '

plane L to n — fold axes Th nfm
n — fold axes in
vertical reflection plane i i
two non — equivalent
vertical reflection planes T o
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Table 3.6: Comparison of notation for proper and improper rotations
in the Schoenflies and International systems.

Proper Rotations Improper Rotations
International Schoenflies International Schoenflies

1 Gy T
2 s

3 Cy

b oy 3
4 4 i
N oyt -
fi Ce i
(i Ce! s
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Some relationships between point symmetry elements

. Inversion commutes with all point symmetry operations.

b

All rotations about the same axis commute.

All rotations about an arbitrary rotation axis commule with re-
flections across a plane perpendicular to this rotation axis.

. Two two-fold rotations about perpendicular axes commute,

. Two reflections in perpendieular planes will commute.

o

i Any two of the symmetry elements oy, Sz, €, (0 = even) implies
the third.
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The 32 Point Groups and Their Symbols
System Sehoenflies Hermann-Mauguin symbol Examples
symbal Full Abbreviated
Triclinic [& 1 1
Ci.{S2) i i AlSi0g
Monohinic Cro: (G0, (510 | ™ n KNO3
(& 2 F
i 2/m
Orthorhombic C 2mm mim
222 222
2/m 2{m 2/m | mmm I, Ga
Tetragonal 1 d
1 4
4/ m 1/m CaW0y,
12m i2m
Limm Armm
122 42
4/m 2im 2fm | 4/mmm Tilry, In, 7 — Sn
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The 32 Point Groups and Their Symbols
System Schoenflies Hermann-Mauguin symbol | Examples
Abbreviated
Rhombohedral i Asly
3 FeTithy
dme
32 Se
Im Bi, As, 5h, AlyOg
Hexagonal WD i
& f
fifm
fizm
i firriame Zn0), NiAs
22 62 CeFy
fifm 2/m 2fm | Gfmmm Mg, Zn, graphite
Cuhic 23 23 ' E
2/m3 i
A3m $3m
432 i
4/m 3 2/m rrdr
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Stereographic

projections of simple
point groups
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Some details

Table 22.2: Character Table for Group Cy,

Can (2/m) E 3 oy

2ty | R, AT 1 1 1
z 4.0 1 1 =1 =1
Ty AR | Byl 1 -1 =1 1
vy |B.|1 -1 1 -1

More details from the Bilbao crystallographic server:
http://www.cryst.ehu.es/#pointop

For a specilic case, choose a three-dimensional erystaliographic peint group from the next table

Gy
Cy
Cy

[~
5
Dy

g

poge

€3
Og
Oy

B frimi
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C,, symmetry operations (for unique axis z)
| Symmetry operation
No. | (xyz)form | Matrixform
' A Selz O
1 XYZ [ o1 ) 1 1
2 oy [ ) 200z 2o01
— T

3 XY { ) 1000 -1

4 2yZ [ } moxy.0 maat
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Another example

Table 22.3: Character Table for Group Dy

2 ez ||
3| ape ||
4 e ||

) 1

1| 2002
) | 2002
] 0

J | zaxn
)| zn0

210
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Tetrahedral group:

Figure 3.3: Schematic din-
gram for the svmmetry oper-
ations of the group T,

For simple tetrahedron:
|

identity

3 two-fold axes {z.y.2)
4 three-fold axes (body dingonals-positive rotation)
4 three-fold axes (body dingonals—negative rotations)

12 symmetry elements
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Tetrahedral group:

Figite 5.8 Sebematic i
gram for the symmetry oper-
ations of the group Ty

For complex tetrahedron:

o Identity

# 8 (%5 about body diagonals corresponding to rotations of + 5}
e 3 (% about o,y = direchions

® (5, about x,y. = corresponding to rotations of £3

& fi my planes that are diagomal reflection planes

24 symmetry elements
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Table 3.32: Character Table for Group T'

T (2] E aC, 40, 40

Te

A 1 1 1 1
1 3
1

(R, By, )
(x4, %)

whore w = oxp(2wi/3)

Table 3.34: Character Table for Group Ty

T, (13m) E 80, #0C; Go, 6S,
A |1 1 1 1
Az |1 1 1 =i =1
E|2 -1 2 1] 1]
1
1

(Re Ry R | T | 3 =5 L |
{4, 2) T;| 3 n - 1 -1

PHY 745 Spring 2017 - Lecture 6




Octahedral group
Heod

]

Figure 3.4: Schematic for
the symmetry operations of
the group O.

Table 3.33: Character Table for Group O

0 (432)
'+ + 25
(=%, 322 =)
(R R, R.) }
(x,y, 2)
(zy. yz, z)

E 8Cs 3Ca=3C; 6C, 6Cs
4,1 1 1 1 1
Ay |1 1 1 -1 -1
El2 -1 2 0 0
T, |3 0 -1 -1 1
T, |3 0 -1 1 -1
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