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Why do we need studying Molecular Symmetry?

Molecular symmetry is used to
1. Determine whether an integral is zero or not

2. Determine whether the transition dipole moment is zero or not
-> Selection Rule

3. Construct a molecular orbital

Molecular symmetry and Chirality
(https://people.ok.ubc.ca/wsmcneil/symm/symm.htm )




Symmetry Operations and Elements

Molecule

1. E (identity)

2. C, (n-fold rotation)

J Two or N\

3. o (reflection)

{ more Cy.m P

N 1 Select C,
with highest

/;?: then. are
there nC, L

to C,,7
Y A VAN

4. | (inversion)

5. S, (n-fold improper rotation)




Group Theory

Group

1. Group should have the identity

2. Group operation is associative

3. Elements in group has those inverse

4. Group operation is closed under multiplication



Matrix Representation

Consider a NH; molecule
* NH; molecule has a C;, symmetry
C;, symmetry has six operations
E(identity), C;* C;™ (rotation), o,, o', c”, (inversion)

Sne Sar Sgand S are s-orbitals of H or N and Basis function also

Identity
1 0 0 O]
0 1 0O
0 010
0 0 0 1

(SN’SA’SB’SC) ) ) (SN’SA’SB’SC)



Matrix Representation

Consider a NH; molecule
* NH; molecule has a C;, symmetry
C;, symmetry has six operations
E(identity), C;, C; (rotation), o, ¢',, ", (inversion)

Sne Sar Sgand S are s-orbitals of H or N and Basis function also

Inversion Sym.

1 0 0 O
0100
0 0 0 1
- 0 010

(SN’SA’SB’SC) ) =D(o,) ) (SN’SA’SC’SB)



Matrix Representation Il

(SN’SA’SB’SC)

(Sn» 51552, 55)



Matrix Representation Il

D(R) — (SN’SA’SB’SC)

Similarity Transformation
D(R)=cD'(R)ct

Character y(R) (Trace of Matrix)
tr{D(R)} = tr{cD'(R)c’!} = tr{D'(R)}

D'(R) = (SN /119, Ss)



Character

Character y(R) (Trace of Matrix)
tr{D(R)} = tr{cD'(R)c1} = tr{D'(R)}

~ b®E ) ] D(C57) ) ~ DBle)
1 0 0 O 1 0 0 0 1 0 0 O
01 00 0 1 0 0 01 00
0 010 0 0 -1/2 1/2 0 0 01
0 0 0 1 0 0 -1/2 -1/2] 0 01 0
x(E) =4 x(C) = x(C) =1 x(c,) = x(c',) = y(c",) = 2

| | |

Class 1 Class 2 Class 3



Irreducible Operator & Character Table

0 0 | Block-diagonal Form

D(l) @D D(l) @D D(Z)

l

‘ Irreducible Representation

o L3 B O

o o o k-

o O O -

o O O B+

Character {1,1,1,1,1,1} — 1-Dim irreducible representation, A

Character {2,-1,-1,0,0,0} — 2-Dim irreducible representation, E




Irreducible Operator & Character Table

Character {1,1,1,1,1,1} — 1-Dim irreducible representation, A

Character {2,-1,-1,0,0,0} — 2-Dim irreducible representation, E

: Character Table

NH,
(Sn1Sa:55,Sc) —— (S54,S51,5,,S;) ——— 2A+E



How to Construct Character Table?

Little Orthogonality Theorm

ZZ(I(R)*;("’(R) = Té

Order of group For C;,
Dimension of
. inear |
Symmetry operation E|2C3(2)|30v| e | quadratic
operation A1 1 | 1 z x’+y?, 72
Az 1 1 -1 Rz
The order of C;, (h) is 6. E[2] 1 |0 [0x¥)(RaRy) 042 xy) 0z, v2)

Three classes of operation (R) exist in «;,

1. When |=/ 2. others

d2+d§+{ﬁ::6 1*x*1+2*y*1+3*z*1 =0
1*x*2+2*y*-1+3*z2*0=0
d=1

> A, = {1,1,-1)



Direct Product

Direct Product Table for D, Cj,

A, A, E

A, A, A, E

A, A, E
E A+ A+ E




So what?



1. Wavefunction Overlap & the expection value

Only if the integrand is A;, then the integral is not

necessarily zero.

Wavefunction Overlap

Expection Value
<d, |l,ld,> in C;, molecule

E|2C3 (z) | 3ov r;:::fiirr;s quadratic A, A, E
Ar|1] 1 1 z Wy 7 AL Ay A E
Azl1] 1 |1 Rz A, A; E
El2| -1 | 0 |(xY)(Re Ry) |42, xy) iz, y2) E A+ A+ E




The Selection Rule for the Molecular Vibration mode

How do we get the molecular vibration mode ?

Total symmetry species —
(translational symmetry species (x, y ,z) +
rotational symmetry species (Rx, Ry, Rz) )

Ex>H,O (C,V)

AN RERW AR WARAIASS ALER R L P RAR T R LF e

linear . H,O : 3A; + A, + 3B, + 2B,
" |quadratic

rotations

H0,i, = HyO40r

Arll] 1| 1|1 2 2
A1l 1 -1 -1 Xy -H,O¢ans (A1 + By + B))
E]. 1 —]. 1 —1 XZ 'Hzorot (A2 + Bl + Bz)

¥z = 2A; + B,




The Selection Rule for the Molecular Vibration mode
- IR & Raman activity

The Absorption of Infrared light is caused from the
permanent dipole moment {

The Polarizability of molecules makes Stokes shift

AN RERW AR WARAIASS ALER R L P RAR T R LF e

E|C2 @)|ovxd) | or(y)| o

rotations

gquadratic




The Selection Rule for the Molecular Vibration mode

- IR & Raman activity

Methane (T symmetry)

Character table for T4 point group

CH4 Al + E + Tl + 3T2 E ECS ICH ES-'-I- ﬁﬂd l.l[lEHI:', quadraﬁ[;
= rotations
Trans - T2 Arl1] 11|11 PRy
Rot: T1 Az(1| 1|1 [-1]-1
E(2|-1]2]0]o0 22 o)
Raman : Al, E
' Ti|3| 0 | -1 |1 |-1|(ReRs. R
IR : T2 - Sk
T213( 0 | -1 111 (x, v. Z) (xv, XZ_ vZ)
Al A2 E T]_ T2
E A+ A+ E T+ T, T+ T,
T A+ E+ T+ | A+ E+ T+
1 T, T,
A+ E+ T+
2




Molecular Orbital

Chapter 6 — Anorzamic Molecules: From Aroans fo Complexes —p. 4 - Chapter 6§ — Anorzamic Molecules: From Arcans fo Complexes —p. 3 -
Qcmbedral complex AR @ (3) B P, Pa. T, P, Bs 4
‘3-_':63 Pz P Pz T2 Pas P 2
'
Ci., G4, S,

Analysis (anzlogous o terahedral casa):

["}* Sh
P3 Oy P
- L

l—_iFﬂn-\Al:l:A'.F_E!_TI'J ||

= M0 diagram for ectzhedral o-bonded ML, comiples: of 3d tmansition metal:

bl Al Laenplex sl . dgal

] Al hH
Py 2 Ay I

Ps
Application of all synuveny operations to the set of Lgaed AC: and detenuinztion of the

characters of the § dimensional representation:

Operation T, Oz, P, Bu. P, Pu r
E(L) 0y B B, Bio B P g
Cs (8) Pz, s, Puy s, Py, P o
Ca () B2, Pr, Qu, O, P, Pu o
Ca (8} D Do, Poo . P, B 2
Gt (6) T, P, @, Bz, P, P =
Y] Br. B, D1, B, P, Ps o
54 () P2, B, Pu. T, P, Pu o
5 (8) D, Ps, Po. D Py, O 0




