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

Plan for Lecture 20:

Space group properties
Chapter 10 in DDJ
1. Non-symmorphic space groups

2. Example -- diamond
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14 [Mon’ 0211372017 [Chap 6 Direct procuct groups T 021152017
15 [Wed: 02152017 [Chap 7 Molecuiar orbial 213 0211772017
16 [Fri 02117/2017  [Chap. 9 Intraduction to Space Grougs 214 02202017
17 Mon 02202097 [Chap 10 |Group theory far the perisdic Eblice
18 Wed: 021222017 (Chap. 10 Graup theory far the periodic tttice
19 Fre 0224/21T  |Chap 1-10 Review — Disfribute take-home exam
el .\(«T'" o2z ! |[Chap 10 Space group representabons Exam
21 wed: 0310172017 Exam
22 [Fri 03032017 Exam Due
IMon: D3/0E2017 Spring break - no cisss
WWied: 0382017 Spring break - no class
Fri D3AN2T Spring break - no class
Mon: D3/132017 APS Meeting - no class
Wed: 0aM&2017 APS Meeting - no class
Fri Q3172017 APS Meeting - no class
23 Mon: 034202017
24 [Wad: 03222017
25 [Fii D324/2017
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Space group

Non-lattice translation

R |t +T}

tLattice translation

Bloch basis functions

Point operation

Y, (r+T)=e""¥, (r)
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Effects of group operations on Bloch basis functions
(symmorphic case)

{R,|T}¥, (1) = {&|T}{R, |0} ¥, (r) =" "¥, (1)

l ‘ =¥, (R,r+T)

If Rk=k+G:

R, is an operation in the

If Rk#k+G:
the two wavefunctions are not equal
but are symmetry related --

T group of wavevector k
e W) =¥, (R;'r+T)
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Non-symmorphic space group
Example -- diamond

https://en.wikipedia.org/wiki/Diamond cubic
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Space group symmetry of diamond

Fd3m (#227)
= 24 elements with 7, =0
= 24 clements with 7, = H(X+§ +2)) =7,

10 classes for point symmetry:
{E|0} {ilz,}

8{C3|0} S{iC3|rd}

3{C, |0} 3{ic, | 7,} = Maps to O,
e , point symmetry

61iC;"10} 61C, 'l 7,}

6{iC4\0} 4{C2\Td}




From BSW paper Phys. Rev. 50, 58 (1936)

TasLE 1. Characters of small representations of T'

I LE 3Ce2 6Cs 6C2 8Cs J  3JCi¢ 6JCs 6JC2 8JCy
o1 1 1 1 1 1 1 1 1 1
r, |1 1 -1 -1 1 1 1 -1 -1 1
T |2 2 0 0 -1 2 2 0 0 —1
13 —1 1 -1 0 3 -1 1 -1 0
Ty |3 —1 —1 1 0 3 -1 -1 1 0
IV 1 1 1 I -1 -1 -1 -1 -1
ry {1 r -1 -1 1 -1 -1 1 1 -1
1|2 2 0 0 —1 -2 =2 0 0 1
I's |3 —1 1 -1 0 =3 1 -1 1 0
Ty |3 —1 —1 1 0 -3 1 1 -1 0
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Effects of group operations on Bloch basis functions (general
case)

R, |z, + T}, (r)={elz, + THR |0} ¥, (r) = =W, ()

=¥ (R'r+7,+T)
If Rk#k+G:

. If Rk=k+G:
the two wavefunctions are not equal

R, is an operation in the
but are symmetry related --

- group of wavevector k
e W) =¥, (R;'r+T)
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2
Example: A direction: k =%
a

Character table for C,, symmetry representing A

im/2

k-point in diamond structure in terms of phase factor f/ = ¢’

{El0}  {clo)  2{c 1z} 2{iciln,}  2{ic,|0)

A, 1 1 f f 1
A, 1 1 oS f -1
A, 1 1 5 5 1
A, 1 1 f -f -1
A 2 2 0 0 0

From BSW paper Phys. Rev. 50, 58 (1936)

A, E ce 2G4 2JCe 2JC:
a1 1 1 1 1
A, |1 1 -1 1 -1
A1 1 -1 -1 1
a1 1 1 -1 -1
A5 |2 -2 0 0 0
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BAND STRUCTURE AND OPTICAL PROPERTIES OF DIAMOND*
W. Saslow, T. K. Bergstresser, and Marvin L. Cohen}

Department of Physics, University of California, Berkeley, California
(Received 27 January 1966)

PRL 16, 354 (1966)

L=2m 0,1, %) r=27000 x=2r,0,0

FIG. 1. The electronic band structure of diamond.
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