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MOLECULAR SYMMETRY CLASSIFICATION (POINT GROUP)
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CHARACTER TABLES 

C2V E C2 σσσσv (xz) σσσσ’v (yz)

A1 1 1 1 1

A2 1 1 -1 -1

B1 1 -1 1 -1

B2 1 -1 -1 1
Irreducible 
Representation for B2

Point Group Symmetry Operations

Irreducible Representation (ΓΓΓΓi )

Order C2v (h) = 4 (1 E, 1 C2, 1 σv, 1 σ’ v)

Character: χχχχ

Classes

In vibrational spectroscopy we are very concerned with the symmetry of each normal 

mode of vibration in a molecule.

Each normal mode of vibration will (behaves like) form a basis for an irreducible 

representation of the point group of the molecule.

The transformation of all the atomic displacements (coordinates) will result in what 

we shall call a Reducible Representation, which should be expressed as a sum of 

Irreducible Representations (Symmetry Modes)
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CHARACTER TABLES 

Simmetry of Functions

C2V E C2 σv (xz) σ’v (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
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ΓVIB = A1+E+2T2

Γ = A1+E+T1+3T2

νννν1(A1) νννν2(E)

νννν3(T2) νννν4(T2)

460 cm-1 218 cm-1

762 cm-1 314 cm-1

MOLECULAR VIBRATIONS
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ΓVIB = A1+E+2T2

Γ = A1+E+T1+3T2

νννν1(A1) νννν2(E)

νννν3(T2) νννν4(T2)

460 cm-1 218 cm-1

762 cm-1 314 cm-1

Wavenumber (cm-1) Wavenumber (cm-1)

SAMPLE
POLARIZED 

LIGHT 

III

I⊥=ρ

MOLECULAR VIBRATIONS AND POLARIZABILITY
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ISOTOPIC CONTRIBUTIONS

νννν1(A1)

460 cm-1
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Celestine (SrSO
4
) 

Vibrations of SO
4

2- group

-Symmetry group in the free state T
d

(43m)

-Symmetry domain group C
s

(m)

-Crystallographic factor group D
2h

(mmm)

CRYSTAL VIBRATIONS AND POLARIZABILITY

SAMPLE
POLARIZED 

LIGHT 
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SYMMETRY IN CRYSTALS
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Celestine 

(SrSO4) 

CRYSTAL VIBRATIONS AND RAMAN ACTIVITY

Td (43m) Cs (m) D2h (mmm)

Vibrations of SO4
2- group
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Celestine (SrSO4) 

CRYSTAL VIBRATIONS AND RAMAN ACTIVITY
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CRYSTAL VIBRATIONS AND RAMAN ACTIVITY

Celestine (SrSO4) 
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CRYSTAL VIBRATIONS AND RAMAN ACTIVITY

Celestine (SrSO4) 
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Phonon confinement

PHONONS IN DIAMOND: SIZE EFFECTS
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PHONONS IN DIAMOND: PRESSURE AND TEMPERATURE EFFECTS
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Elementary vibrational model for Molecular Crystals

Chattopadhyay et al.
(PRB, 1981)

GRÜNEISEN PARAMETERS AND DAVIDOV SPLITTINGS
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Two level Perturbation ModelTwo level Perturbation Model

δ = ν+−ν−
R= I+ / I-

W: Fermi Coupling Parameter

W = δ (R)1/2 / (R+1)

δ0 = [δ2 -4W2]1/2
ν+

0 = ν+−1/2[δ−δ0]

ν−
0 = ν−+1/2[δ−δ0]

Exact Degeneration:
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δδδδ is minimum
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Q3

Q2

Q1

NORMAL MODES IN WATER MOLECULE
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E, χ(E)=9 C 2, χ(C 2)=-1

σv , χ(σv) = 1 σ'v , χ(σ'v) = 3

Γred = (9)E + (-1)C2 + (1)σv + (3)σv’

Γred = 3 A1 + 1 A2 + 2 B1 + 3 B2
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Γred = (9)E + (-1)C2 + (1)σv + (3)σv’

Γred = 3 A1 + 1 A2 + 2 B1 + 3 B2

Γtran = A1 +  B1 + B2

Γrot = A2 +  B1 + B2

ΓVib= 2 A1 + B2
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RAMAN ACTIVITY

Simmetry of Functions

C2V E C2 σv (xz) σ’v (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

ΓVib= 2 A1 + B2

00uv ≠ΨΨ αi
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PROPIEDADES DE SÓLIDOS CRISTALINOS: INTERPRETACIÓN

RAMAN ACTIVITY IN CRISTALS


