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

Plan for Lecture 9:

Evaluating transition matrix elements using
character tables
Reading: Chapter 8 in DDJ
1. Analysis of vibrational infrared spectra
2. Analysis of vibrational Raman spectra
Note: In this lecture, some materials are taken from an

electronic version of the Dresselhaus, Dresselhaus, Jorio text
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Course schedule for Spring 2017

{Preliminary schedule — subject o frequent adjustment. )

Lecture date DD Reading Toplc HW Due date
1 |Wed: 01/11/2017 Chap 1 Diefinition and propesties of groups 1 01/2002017
2 Fr 01132017 Chap. 1 Theory of represantations
Man: 04/162017 MLK Hotiday - no ciass

3 |Wed: 01/18/2017 Chap 2 Theory of representations

4 Fri 01202017  Chap 2 Proaf of the Great Orthonalty Theoram 174 01232017
5 |Mon: 01/23/2017 Chap. 3 Notion of character of a representation 43 D1/252017
& |Wad: 01252017 Chap 3 Examples of point groups ) m DVZTIZ047
7 Frm 01272017 Chap 4 &8 | Symmetry of vibrations modes L5} D1/3002017
B Mon 01302017 Chap 4&8  Symmetry of vibrational modes #6 020172017
9 |Wed: 02/ 17 Chap B Vibrational exciations #7 o2

10 Fric 020372017
11 Mon. 02/DE2017
12 [Wad: 02/08/2017
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Department of Phy

Eaat Carolina L
4:00pm - Ofin 101
Refreshments served
3:30pm - Ofin Loange
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Symmetry analysis of the coupling of electromagnetic waves to
molecular vibrations

Infrared spectrum of gaseous H,O from NIST
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Fermi Golden Rule for absorption of electromagnetic
radiation

R

density of

= 2_72. <‘Pi |AH‘ ‘Pf>‘2 Py final states

i—>f

In this case the perturbation matrix represents the coupling
of an electric field E with the charges { q /.} of the system:
AH =E-u where dipole moment u:Zq X

. J o
(‘{’ ,.‘ Initial state; usually ground state characterized
by identity representation

“Pf> Final state

Note that radiation couples to molecules with net dipole moment
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Using character tables to analyze interaction matrix elements

(¥ [al| ¥, ) o SN (7@) 2 @)7 @)
Example of H,O k

Cay (2mm) E C e, o,
5y, 2° | = A1 1 1 1
Ty R. Az | 1 1 -1 -1
Tz Rz |Bi|1 =1 1 -1
E Ry |Ba| 1 -1 -1 1

(] s )
4 Eu () 4

4 Eu, (B) B
Eu, (B,) B, 0(frequency mode)
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Infrared spectrum of gaseous CH, from NIST
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Wirvrmrmibers fem-|
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Example of CH,

Ty (43m) E 8C, 3C, 6oy 65,

A1 1 1 1 1

A | 1 1 1 =1 =1

E|2 -1 2 0 0

(Rey Ry R:) | Th | 3 0 -1 -1 1

(z.y,2) T, | 3 0 =1 1 -1

(| ax )

4 E.ELE. (I) 7
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Vibrational modes excited by Raman scattering

Consider an induced dipole moment due to incident electric field:
u=a-E, coswr

Raman polarizability tensor having the form:
0.=0,+Aacoswt

f ‘ polarizability due to
vibration at frequency o,
static polarizability

u=0-E, coswt = (ao +Aacos o, t) -E, cosawrt .antl-Sto.kes
' v interaction
Aa-E
=a,-E, cosart + —(cos[(@— w,)t] +cos[(w+w,)t])
Rayleigh Stokes
interaction interaction
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Raman interaction Hamiltonian:

AH = —%(A(LE,.)ES cos[(wia)v)t]

As before, we need to analyze matrix elements of the form

2/1/2017

(w,|aH|w )
2 2 2
X,V ,Z , Xy, VZ,XZ
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Example for H,O
"ae (2rmim) E C e, o,
z* A A |1 1 1 1
Ty R. Az | 1 1 -1 -1
Tz Rz |Bi|1 =1 1 -1
E Ry |Ba| 1 -1 -1 1
(w,| aH o |¥,)
4 Xz’yz’zz “) 4
4 xy (4,) A4, 0 (frequency mode)
4 xz (B) B,
4 vz (By) B, 0 (frequency mode)
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Other examples
Dy = Dy @ oy, (5m2) | E o 2C; 25 3C) 3o,
24yt A1 1 1 1 1 1 3Raman
R. A1 1 1 1 -1 2
Al -1 12 1 -1
: A1-1 1 - -1 19R
(—ytay) [ (zy) |[E]2 2 -1 -1 0 0 <>IR+Raman
(x2,y2) (R.R)|E"|2 -2 -1 1 0 0 -=>Raman
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