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

Plan for Lecture 8:
Examples of point groups and their characters —
more details
Reading: Chapter 4 & 8 in DDJ
1. More details on basis functions

2. More details on symmetries of molecular
vibrations

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 s lie/s1Tphy 745/

Instructor; Natalie Holowarth Phone: 758-5510 Office: 300 OPL e-mallnatalisfwiy eoy

Course schedule for Spring 2017

{Preliminary schedule - subject to frequent adjustment )

Lecture date | DOJ Reading Toplc HW Due date
1 [Wed: 01/19/2017 ©Chap. 1 Dafition and properties of groups # 017202017
2 [Fri 01132017  Chap. 1 Theary of representations
Mon: &1/ 182017 MLK Haliday - na class

3 [Wed 01/18/2017 Chap. 2 Theary of representations

4 [Fri. DUZ0R0TT  Chap 2 Prood of the Great Orthonality Thearem #2 017232017
& |Mon: 01/Z32017 Cnap. 3 MNabion of character of & representation #3 01252017
8 |Wed 01/252017 Chap 3 Examples of paint groups #4 012772017
T Chap 448 Symmaedry of vibrational modes #3 032017
@ Cnap. 4&8 ational modes 45 022017
9
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Point symmetry groups in physics
Notion of symmetry related basis functions*

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

Operator for group element R acting on basis function:

Mo~

Properties:  Pg|[,a) = Y DU [RY T
J

DTNR), = (Tpj} Pyl Cper).

Orthogonality: (I',j|Tyi') = 8nnrdi o,
*(Using notation in DDJ textbook)
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Examples of basis functions based on Cartesian coordinates
for the example of the triangular group: P(3)=D;

Figure 4.1: Syvmmetry opera-
tions of an equilateral trian-
gle. The notation of this di-
x agram defines the symimetry
aperntions in Table 4.1

Table 4.1: Svmmetry operations of the group of the equilateral triangle
on hiasi
P/

Funetions.
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Summary of basis functions associated with
character table for D,

D;4(32) E 20; 3C)
2+t 2 Al 1 1
Ry% Ay |1 1 -1

“Standard” notation for
representations of Dj
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Example basis functions:
T, j) =x
T,j)=y
r,j)=z
At the moment, we do not know that these basis functions belong

y

to the same or different representations I',

Comment on orthogonality: ([, |’} = 68,
Assume integral implied by braket takes place over
unit sphere and appropriate normalization constants
will be applied.

For example:

1 2z
(x‘y>= Idcos@j d@sin@ cosg sind sing =0

=1 0
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Pa/flzya) | = y z

E=E z y z

C3=F T-z+v3y) | L(-y-V3z) | =

y Ci'=D 3(=zr=+v3y) | 3(-y+V3z) | =

X Cay=4A —x y —z
Cyy =B é(r = v3y) L—y=V3x) | ==

Cozy=C s@+vBy) | Z(—y++VBx) | —=

Example matrix elements:

<Z|C3|Z>=1 <Z|CZ|Z>:—1
(lald=-1+  Olal=%

Note that basis functions
related to irreducible . N
representations follow: D™ (R),, = (I',5| Pg|Ta).
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z The basis function z can be used to generate

the representation ', (previously called ")

y E 4 B C D F
X Cy G Gy G G
r, 1 -1 -1 -1 1 1

The basis function pair (x,y) can be used to generate

the representation I',  (previously called T'*)

m(xlB =Gy |x> =-3

F2(3)= (y|B=C2(2)|x>=§
_F B\ D=CTx) =3

r.(D)=| 2

)2 Nppo-c--4




Extension to quadratic basis functions

x2

yi’
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"

Prif(eyz)
E=F

™

=
f(rz + 312 — 24/37y)

U
T ;
2 (w% + 322 + 24/3iny)

2

3
Ci=F =
Cj_l =D f(rg + 3y + 2¢/3xy) %(y2 + 322 — 2/3zy) | 22
Coy=A 2 2 22
Oy =B %(Iz + 37 — 2v/3xy) El(y2 + 322 + 2VAzy) | 22
Comy=C || T2+ 307 + 2vBay) | (47 + 327 = 2V3Bay) | 22

Together with the cross functions xy, xz, yz, can show that

the basis pairs (xz, yz) or ((x* - y%),xy) generate the
irreducible representation I',.
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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
Ry% Ay |1 1 -1

“Standard” notation for
representations of Dj

In this case, R,, R, R, behave as axial vectors along

X, Y, z
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Example of H,O

Table 3.14: Character Table for Group Cy,

Cy, (2mm) E C o, g

PR A 1 1 1

Ty R, A | 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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Basis functions for this case --

z X -1 0 0})(«x —X
Flyl=|0 -1 0 [y =-y
7 z 0 0 1Nz z
1 0 0)«x X
P ly|=]0 -1 OJ y}{—y
z 0 0 1)z z
X -1 0 0)x -X
P lyl=[0 1 OJ y}[y
z 0 0 1)z z
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Basis functions for C,, — continued --
(WPl =1 (<[B [x)==1 (R [)=1 (|7, |x)=-1

WIB)=1 |B,|y)=-1 ([B [»=-1 (¥ [y)=
(z|Pe|2)=1 (2R, |2)=1 (P, ]2)=1  (z|R, |2)=

Cay (2mm)
o7, 22

R. As
3% 5 d Bl
Yz Chy.y | B

]
]

E _
A1 1 1 1

1

1

1

=

Vibrational modes

From:

http://chem.libretexts.org/Core/Physical and_Theoretical Chemistry/Spectroscopy/
Vibrational_Spectroscopy/Vibrational _Modes

H H H H H H
@] O @]
antisymmetric symmetric scissoring
stretch stretch bend
B Aq Aq

Normal modes in terms of generalized coordinates g,

2

S,
7 AJmm; 04,04; / '
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Another example — CH, (tetrahedral symmetry)
http://www2.ess.ucla.edu/~schauble/MoleculeHTML/CH4 html/CH4 page.html
07 =3025.5 cm™! 07 =1582.7 em™!
A7 Symmetry E Symmetry (2 modes)
A ) O
(* (@
03=3156.8 cm! 04=1367.4 e
T, Symmetry T, Symmetry
(3 modes) (3 modes)
A A
C C
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Symmetry analysis of vibrations of CH,
Table 3.34: Character Table for Group T,
Ty (43m) E 8Cy 3C, 6oy GSy
A 1 T 1
Az | 1 1 1 =1 =1
El2 -1 2 0 0
(Re . By R:) | 10 | 3 0 -1 =1 1
(x.1,2) 13 0 -1 1 -1
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Visualization of symmetry elements
http://symmetry.otterbein.edu/tutorial/methane.html
Cs

C, S,
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Construct 15-component
vector V describing the 3-
dimensional motion of the
5 atoms in CH,
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Alternate coordinate system

Compute characters of transformations:
2(E)=15  x(C)=0  x(C)=-1  x(o)=3 x(S)=-1
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T; (43m) E 8C, 3C, 6oy 68,
A1 1 1 1 1
A1 1 1 =1 =1
El2 =1 2 0 o0
(ReR.R)| T |3 0 -1 -1 1
(.1, 2) T,|3 0 -1 1 -1

5 0 -1 3 -1
Decomposition of the displacement representation into
irreducible representations
Z(R)= ZW(‘(R) All motions: =>A;+E+T,+3T,
7 Translations: T,
Rotations: T,

I oo
“t:;;(l (B)) 7(R) Vibrations: A, +E+2T,
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Symmetry of NH;

C3v
hitp://wps.prenhall a_Assets/Chapter19/Text Images/FG19_07-12UN.JPG
1/30/2017 PHY 745 Spring 2017 - Lecture 8 22

1/30/2017

Table 3.15: Character Table for Group Cy,

Co (3m) E 2C; 3o,
22+ 42,27 z A1 1 1
R, Ay | 1 1 -1
(% — y* 2y) (@,y)
E| B =i
(x2,32) (Ra, Ry) 0
P 2 0 2




