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9.8 Spacegoups 85102

IBaicdefinition

71171group and translation symmetry operation
which carry the crystal into itself

Recall Rate Seitz where Ra denotes point

group operations and translation an element of 3

Rate F Ra F I

RpIT RaITS RpRaIRpÉtÉ'S

Ra Z Ra Z Elo

Rale RI 1 RI z

Ralt RI l Riz Rard Ra RT e te

Elo

And the translational subgroup T is an ablelian

normal subgroup

α LYSE 2K Flat another translation




























































































y app
lattice

Bravais
lattice if T n t that

in 2D

Now the space group contains point group

symmetryoperations and translations The

two parts pose restrictions onto each other

see EEE Chap 5 Bradley Cracknell

In ID

2D 4 lattice systems 5 Bravais lattices

its's

3D 7 lattice systems 14 Bravais lattices

sees

The parallelepiped formed try t.to its

is the primitivental us conventional

cell












































































Wigher Seitz

ii IÉfiffi
man

I
op Coc

Immorphicspacefrups

Rate Ruth the Braves lattice

Rates Ral Rn to E Rut Ra Ta

If for a space group with apoper choice of
origin R ITS ESG can bedecomposed

1737such that To 0

jI T G P 1 231
otherwise non symmorphic 1531

screw axis glide plane

Mirror translation

As a dual of the real space lattice and unit

cells There are



a.EEagi.tT278ij

8 ii k cyclic perm of 123

A reciprocal lattice vector

En n f he nsIs

Bneinzone unit cell in the reciproial space

1 01

fatI Eco.tt

First Brillown zone ftpfff awofnes seitz
x x x

what is special about 1st BZ We need to talk

about the rep of T

Recall T is an alien normal subgroup T 2d

all its irreps are ID The characters

Xyll 5124 deco 1 xp 5122m



Group structure requires mtn 7cmXin

In physics we take periodic boundary conditions

2 Zn

é é k 1 k

yet e
it E

e
ik.int witathitt

I Ii

If I I GE M F mafitmsfs then

IE XIE
Iet BZ contains all distinct irreps of the
translational subgroup I outside of 1St BZ

labels the same irrey as some I I Em

inside the 1St BZ

Ethorem the wave functions transform as

irreps of T the It A

41821 2.415 e
it 4ft

solved by 4,18 girl e 1Block waves with

UE at 37 IEA



They are eigenstates of the discrete translation

operators and a Hamiltonain on the lattice

Taking the Block waves 4 5 as a basis

24 1H14 H Skk

a.b labels states in the degeneracy space in

the isotypic decomposition of theHilbertspace

Different or irreps do not couple

Bandstrucure

For a given material the Bloch states can be

constructed using relevant atomic orbitals baitRuttwannier

4 18 Enettct ia Ing
ik.E

infact 4 iri Uakda Cr tai Runeiken

to satisfy orthogonality etc

Now we consider the Ingroup part I rotations
etc 1



S

É f Y Gt

JEGE gook I i e g I I Em

18

49Futile
8 E

I Gms

Jok k Gm k ft k f Gm 8 k Gm

8 EGI

A related concept 1 aug GI Gi T

factors out the normal translationgroup T

Theled
a fff.hu tfffhefLfIr 8

1.1 k o G full space group G
GI full Dx

Fiff Ik lol Ik 10.114

Gk does not include Cx Cz etc

If k KT Gk G



point of symmetry a neighborhood N S.t

no points in N except to has the symmetry

group GI

Point of the highest sym
in the neighborhood

others are general points

f.FI basicdomain or

Refs Bilbaodatabase
international tables for crystallography

line planeof symmetry line plane in N passing through
all points have the same symmetry



IIE.IE II
α 2 45 4 α F E

which means

α E e exp ik air 31

exp idkl.ir Es

k 2 r I kidi t If i ki t r 2 k

Then

a E Yet exp idk it 21 Unhcr is

4k F E

define UatCF It Uk α 18 T1 α e UH

and salt Ple y441h 4apr
t t de

21T transforms a Block function 4k r

to another Block function 49k Itzer
4,4 is a representation space for space

groups



S8 4Bandcompatibilitynelations

Suppose a k point with little group Gk

and a neighboring point k 8k with G ktsk

If both are general points Ge has no point

group part GE GE SE T

Then all irreps are ID and

1 Kesk E Rn XK EE Rn

satisfies continuity no compatibility issue

K a highsymmetry point

GK SK GK

Gk sk C Gk

For cased all irreps of Gk and Gk's is one to one

live.TK's TK no problem

Kesk moves away from the high symmetry line
plane

irreps of Gk becomes reducible at Ktsk

similar to the case of Ifield



discussed previously Then we need

to know what irreps of Grisk occur

in the irreps of Gk restricted to Gk8

pk.iq I a skpkiski.gg

We need to know the characters

The Bloch waves

at F E da F F Rn up to translationsublettice

orbital
The character of LEGE 44KIF unchanged by g

phasebyT

19214 secret einite e

e I Etf



As an example we consider the band structure

of graphene

i
two sublatices

in factshoud be Don inpomm T Cov 3D by includingTn
α let El Rat α 10 7 Don Cov

hn
The Brillouin zone is

Ei i
Its band structure

C 2s 2p



And we onlyconsider Pa orbitals blue bands

odd under 5h1 others 5 px Py are even underon

P

p A Aig The orbital character is 1

characters

T Cov Xp e Iraq
E Ca CI CE Odi Ovi

1 2 0 2 0 2 0

ÉÉBaXAFTT Be T 73

CF OviK 9
I w.it

eiGuira Csv Cs Din

TK E TS EXA.EE

M Czv I C2 Pdr Tuz
2 0 2 0

Tm A Ba 7 T2 Bin Bag



T T K only need to look at the

Cav Cin Csv character of E Tn

0h

I IIII
7 T

Can I 1 A T T To
1 A Ta
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