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

Plan for Lecture 7:

Examples of point groups and their characters
Reading: Chapter 4 & 8 in DDJ
1. Symmetry basis functions
2. Examples of point groups — molecules
and their vibrational modes

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 | {http:ivesw, wiu edui-natalie/s17phy 748

Instructor; Natale Hotrwarth Phone:758-5510 Office: 200 OPL e-mall:natabofwty ady

Course schedule for Spring 2017

(Preliminary schedule — subject to frequent adjustment.}

Lecture date | DDJ Reading Topic HW Due date
1 [Wed D1/11/2017 [Chap 1 Diefinition and properties of groups. =1 DIrR0RIT
2 [Fri:0113/2017  [Chap. 1 Thaary of reprasantations
Mon: D1ABI2017 MLK Holiday - no class

3 [Wed: DIAB/ZNT [Chap. 2 Theary of representatians

4 [Fri 017202017 [Chap 2 Proof af the Great Orthenality Thesrem =2 01/232017
5 Mon 01232017 |Chap. 3 totion of character of a representation <) 011252017
B Wed: DV28Z01T [Chap. 3 Exampies of poant groups L2 NIRRT
7 |[Fri01272017  [Chap 4 &8  Symmetry of vibrational mades 5 01302017
B [Mon. 01302017
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Point symmetry groups in physics
Notion of symmetry related basis functions
Previous notation Dresselhaus notation

I'(R),, D' (R),, representation

Basis function for this representation and for group element R : ‘l"” j>

Operator for group element R acting on basis function: P,
Properties: 7 I :
Pp|Tya) = ZD (R);alTrng)-
i
DT (R) o = (Tujl PriT.0).
Orthogonality:

(T[T ') = Gnejgr,
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Examples of basis functions based on Cartesian coordinates
for the example of the triangular group:

Figure 4.1: Syvmmetry opera-
i of an equilatersl trian-
gle. The notation of this di-
agram defines the symmetry
aperntions in Table 4.1

Table 4.1: Svmmetry operations of the group of the equilateral triangle
an basis funetions.
Pl fie w2 = W s =

Tie=vE1 | I ) | == || Jie + 3 — 2wyl

33+ )
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Summary of basis functions associated with
character table for D,

Ds(32) E 20, 3Cj
2+t 2 Al 1 1
R,z Ay |1 1 -1

(z2,y2) } ELH) } El2 -1 o

(22— o, )
1

“Standard” notation for
representations of Dj
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Example of H,O

Table 3.14: Character Table for Group Cy,

e (2mim) E C o, g

% 4,0 1 1 1 1

R, As | 1 1 -1 -1

Tz Byx | B |1 -1 1 -1

Yz Roy|B:| 1 -1 -1 1
“Standard” notation for
representations of C,,
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Lattice vibrations of H,O:

&) )
(a) P - A
Symmetric (=
stretch: i
v=3685 cmt T
I | ':-_'-;3

Sissors bend:
v=1885 cm™’

3 modes:
3x3 degrees of freedom
3 translations
3 rotations

Figure 9.1: Normal modes
for the HyO molecule with
3 vibrational degrees of free
dom (n) The breathing
mode  with svmmetry A,
which changes only  bond
lengths. (b} The symmet-
rie streteh mode of HyO with
Ay symmetry, which changes
hond angles, (e} The anti-
symmetric stretels mode with
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Asymmetric 0y symmetry.
stretch: s
v=3506 cm""
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Symmetry analysis
4y,
Ax [Ax; ]
! Ay,
AX3 Az,
AX.
Az Z3 2
2 R |Ay,
Az,
AXg
Ays
Az,
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Ax,] [100000000 || Ax,
Ay, 010000000 || Ay,
Az, 001000000 || Az
AX, 000100000 || Ax,

E |ay, [= 000010000 || Ay,
Az, 000001000 || Az,
AXy 000000100 || Ax,
Ay, 000000010 || Ay,
Az; | 100000000 1] Laz,
x(E)=9




Ax,] [-100000000]]| ax,
Ay, 010000000 || Ay,
Az, 00-1000000|]| Az
A, 000000-100|| Ax,
C,|ay, |=|000000010]]| Ay,
Az, 00000000-1|| Az,
Axg 000-100000|| Ax,
AYs 000010000 || Ay,
Az | [00000-1000/Laz,

x(C2)=-1

Similarly: y(c,)=3
X(Gv’)=1
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Decomposition of the displacement representation into

irreducible representations

2(R)=2 a7 (R)

a = Y7 ®) 2@

R
Table 3.14: Character Table for Group Cy,

Cay (2mm) E C o, o
27,22 [ 2 4,11 1 1 1
Ty R. 12| 1 1 -1 -1
e Ryz|B|1 -1 1 -1
yz Rey|Bs| 1 =1 =1 1
7(R) 9 -1 3 1
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Table 3.14: Character Table for Group Cy,

Cay (2min) E C, o o
=y, 22 ]2 A, 1 T 1 1
ry R. As | 1 1 -1 -1
Iz Rz | B |1 -1 1 =1
y2 Rey |Ba| 1 =1 =1 1

Z(R) 9 -1 3 1

= Coordinate representation=34, + 4, + 3B, + 2B,

translations =4, +B +B,
rotations =4,+ B, +B,
vibrations =24, + B,
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From:

http:/chem.libretexts.org/Core/Physical and Theoretical Chemistry/Spectroscopy/
Vibrational Spectroscopy/Vibrational Modes

H N H H N 7 H H N H
@] O @]

antisymmetric symmetric scissoring
stretch stretch bend
B Aq Aq

Normal modes in terms of generalized coordinates g,
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