
(12) Today Next Class 
4.3 Character Tables


4.4 Uses of Character Tables

Test 1 on Chap 1 through Chap 4 section 4.2 
(symmetry operations and finding Point 

Groups)


Second Class from Today Third Class from Today (14)
4.4 Uses of Character Tables Chapter 5: Molecular Orbital Theory
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Extracting the Symmetry Information by Reducing the Reducible Representation Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

B2 1 -1 -1 1 y, Rx yz

Γ 9 -1 3 1
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   n(A1) = 1/   •[(  )(  )(  ) + (  )(  )(  ) + (  )(  )(  ) + (  )(  )(  )] 

Extracting the Symmetry Information by Reducing the Reducible Representation Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

B2 1 -1 -1 1 y, Rx yz

Γ 9 -1 3 1
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   n(A2) = 1/   •[(  )(  )(  ) + (  )(  )(  ) + (  )(  )(  ) + (  )(  )(  )] 

Extracting the Symmetry Information by Reducing the Reducible Representation Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

B2 1 -1 -1 1 y, Rx yz

Γ 9 -1 3 1
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   n(B1) = 1/   •[(  )(  )(  ) + (  )(  )(  ) + (  )(  )(  ) + (  )(  )(  )] 

Extracting the Symmetry Information by Reducing the Reducible Representation Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

B2 1 -1 -1 1 y, Rx yz

Γ 9 -1 3 1
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   n(B2) = 1/   •[(  )(  )(  ) + (  )(  )(  ) + (  )(  )(  ) + (  )(  )(  )] 

Extracting the Symmetry in formation by reducing the reducible representation Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy

B1 1 -1 1 -1 x, Ry xz

B2 1 -1 -1 1 y, Rx yz

Γ 9 -1 3 1
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Γ = 3A1 + A2 + 3B1 + 2B2 

all possible motions = vibration + translation + rotation 

Irreducible representations for the motions of the atoms in H2O Section  4.4

C2v E C2 σv(xz) σv(yz)
A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy
B1 1 -1 1 -1 x, Ry xz
B2 1 -1 -1 1 y, Rx yz
Γ 9 -1 3 1
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number of 
vibrational 

modes
= # of ways 

of moving
translational 

movement–
rotational 
movement–



 

https://spectra.cs.ut.ee/conservation_materials/milli-q-water/ 

Summary IR Active Vibrations in H2O Section  4.4
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1 https://sdbs.db.aist.go.jp/ , National Institute of Advanced Industrial Science and Technology, May 8, 2009 

CO Stretching Frequencies Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: How Many? Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: Find Rotational Axes and 
Assign Axes

Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: Find Point Group Section  4.4
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Linear ?

i ?

D∞h

Y

Y

N

N

C∞v

2 or more
Cn axes with
 n >2 ?

Y

Y

i ?

C5 ?

N

Y
N

Oh Td

Cn ?

Y

Y

σ ?

Cs

N

i ?
N

Ci C1

Y

Choose highest n. 
Are there n C2 axes
perpendicular to the 
princicle axis?

Y

σh ?

Y

Dnh

N

n σd ?

Y

Dnd Dn

N

σh ?

Y

N

Cnh

n σv ?

Y

Cnv

N

S2n ?

S2n Cn

N

N

N

Y

N

Point Group Assignment Tree

Ih

*

* A horizontal mirror plane is one that is perpendicular 
  to the priciple axis. If the molecule does not posess an
  axis of rotation, the plane of the molecule is the horizontal
  mirror plane.
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Carbonyl Stretching Bands in Metal Compounds: Determine Reducible 
Representation

Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy
B1 1 -1 1 -1 x, Ry xz
B2 1 -1 -1 1 y, Rx yz
Γ
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Carbonyl Stretching Bands in Metal Compounds: Determine Irreducible 
Representations that Combine to Form Reducible Representation

Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy
B1 1 -1 1 -1 x, Ry xz
B2 1 -1 -1 1 y, Rx yz
Γ 2 0 2 0
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Carbonyl Stretching Bands in Metal Compounds: Analyze Results Section  4.4

C2v E C2 σv(xz) σv(yz)

A1 1 1 1 1 z x2, y2, z2

A2 1 1 -1 -1 Rz xy
B1 1 -1 1 -1 x, Ry xz
B2 1 -1 -1 1 y, Rx yz
Γ 2 0 2 0

Γ = A1 + B1
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Find Rotational Axes and Assign x, y, and z Axes


Find Point Group


Determine Reducible Representation


Determine Irreducible Representations that Combine to Form Reducible Representation


Analyze Results 

Carbonyl Stretching Bands in Metal Compounds (now the other one) Section  4.4
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Carbonyl Stretching Bands in Metal Compounds (axes) Section  4.4
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Carbonyl Stretching Bands in Metal Compounds (point group) Section  4.4
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Carbonyl Stretching Bands in Metal Compounds (reducible representation) Section  4.4

D2h E C2(z) C2(y) C2(x) i σh(xy) σd(xz) σd(yz)

Ag 1 1 1 1 1 1 1 1 x2, y2, z2 

B1g 1 1 -1 -1 1 1 -1 -1 Rz xy

B2g 1 -1 1 -1 1 -1 1 -1 Ry xz

B3g 1 -1 -1 1 1 -1 -1 1 Rx yz

Au 1 1 1 1 -1 -1 -1 -1

B1u 1 1 -1 -1 -1 -1 1 1 z

B2u 1 -1 1 -1 -1 1 -1 1 y

B3u 1 -1 -1 1 -1 1 1 -1 x

Γ
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Carbonyl Stretching Bands in Metal Compounds: Irreducible representations Section  4.4

D2h E C2(z) C2(y) C2(x) i σh(xy) σd(xz) σd(yz)

Ag 1 1 1 1 1 1 1 1 x2, y2, z2 

B1g 1 1 -1 -1 1 1 -1 -1 Rz xy

B2g 1 -1 1 -1 1 -1 1 -1 Ry xz

B3g 1 -1 -1 1 1 -1 -1 1 Rx yz

Au 1 1 1 1 -1 -1 -1 -1

B1u 1 1 -1 -1 -1 -1 1 1 z

B2u 1 -1 1 -1 -1 1 -1 1 y

B3u 1 -1 -1 1 -1 1 1 -1 x

Γ 2 0 0 2 0 2 2 0
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Carbonyl Stretching Bands in Metal Compounds: Interpret Section  4.4

D2h E C2(z) C2(y) C2(x) i σh(xy) σd(xz) σd(yz)

Ag 1 1 1 1 1 1 1 1 x2, y2, z2 

B1g 1 1 -1 -1 1 1 -1 -1 Rz xy

B2g 1 -1 1 -1 1 -1 1 -1 Ry xz

B3g 1 -1 -1 1 1 -1 -1 1 Rx yz

Au 1 1 1 1 -1 -1 -1 -1

B1u 1 1 -1 -1 -1 -1 1 1 z

B2u 1 -1 1 -1 -1 1 -1 1 y

B3u 1 -1 -1 1 -1 1 1 -1 x

Γ 2 0 0 2 0 2 2 0
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