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   n(A1) = 1/4  •[(1)(1)(9) + (1)(1)(-1) + (1)(1)(3) + (1)(1)(1)] 

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

C2v 1E 1C2 1σv(xz) 1σv(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

2

number of 
irreducible 

representations 
of a given type 

needed

= 1/order
 Σclasses

# 
operations 

in class

χ of the 
irreducible 

representation

χ of the 
reducible 

representation



Γ = 3A1 + A2 + 3B1 + 2B2 

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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Γ = 3A1 + A2 + 3B1 + 2B2 

Number of IR Active Vibrations 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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https://spectra.cs.ut.ee/conservation_materials/milli-q-water/  

Summary IR Active Vibations in H2O Section  4.4
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Summary IR Active Vibations in H2O Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: Find Point Group Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: Assign Axes Section  4.4
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Carbonyl Stretching Bands in Metal Compounds: Determine Reducible 
Representation

Section  4.4
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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



 

Carbonyl Stretching Bands in Metal Compounds: Determine Irreducible 
Representations that Combine to Form Reducible Representation

Section  4.4
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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



 
Carbonyl Stretching Bands in Metal Compounds: Analyze Results Section  4.4
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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



 

Carbonyl Stretching Bands in Metal Compounds (now the other one) Section  4.4

12

L

M
CO

CO

L

L

M

OC

CO

L

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



Carbonyl Stretching Bands in Metal Compounds (now the other one) Section  4.4
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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



 

Section  4.4
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Carbonyl Stretching Bands in Metal Compounds:  Interpret Results


