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   

∆𝐸 = ℎ(𝜗𝑖 − 𝜗𝑠)  

(𝜗𝑖 = 𝜗𝑠)   

∆𝐸 = 0 
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-  

 

∆𝐸 = ℎ(𝜗𝑖 − 𝜗𝑠)

(𝜗𝑖 < 𝜗𝑠)

∆𝐸 < 0  

 

 

 

 

∆𝐸 = ℎ(𝜗𝑖 − 𝜗𝑠) 

 

 

 

 

 

 

 

 

𝜗𝑖 > 𝜗𝑠 ∆𝐸 > 0  

ℎ𝜗𝑖 + 𝐸𝑝 = ℎ𝜗𝑠 + 𝐸𝑔 

𝐸𝑝 − 𝐸𝑔

ℎ
= 𝜗𝑠

− 𝜗𝑖 
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𝜗𝑠 = 𝜗𝑖

 
 

𝜗𝑖 < 𝜗𝑠 -

 

 

𝜗𝑖 > 𝜗𝑠
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𝜇 ∝ 𝐸  

𝜇 = 𝛼𝐸 ------  

𝛼 Polarizability of Molecule) 

𝜗

 

𝐸 = 𝐸0 sin 2𝜋𝜗𝑡 ------  

𝜗𝑣

 

𝛼 = 𝛼0 + 𝛽 sin 2𝜋𝜗𝑣𝑡 ------  

𝛽 𝛼0  

 

𝜇 = (𝛼0 + 𝛽 sin 2𝜋𝜗𝑣𝑡)(𝐸0 sin 2𝜋𝜗𝑡) 

𝜇 = (𝛼0𝐸0 sin 2𝜋𝜗𝑡 + 𝛽 sin 2𝜋𝜗𝑣𝑡𝐸0 sin 2𝜋𝜗𝑡) 

 

- -  

𝜇 = (𝛼0𝐸0 sin 2𝜋𝜗𝑡 +
1

2
𝐸0𝛽 [cos 2πt(𝜗𝑣 − 𝜗) − cos 2𝜋𝑡(𝜗𝑣 + 𝜗)] ) 

ϑv 𝜗𝑣 − 𝜗

𝜗𝑣 + 𝜗

 

𝜇 = (𝛼0𝐸0 sin 2𝜋𝜗𝑡)

 

(
1

2
𝐸0𝛽 [cos 2πt(𝜗𝑣 − 𝜗)] )

(
1

2
𝐸0𝛽 [cos 2𝜋𝑡(𝜗𝑣 + 𝜗)] )  

 



 
 

10 
 

 

 

-

-  

-  

 

 

 

 

 

 

• 
 

•  
 

 
 

 
 

 
-

 
 

 
 



 
 

11 
 

 

 

→  

→

∆𝑣 = 0 ∆𝑣 = ±1

∆𝑣 = +1 ∆𝑣 = −1

 

∆𝑣 = −1 

•  

•  

•  

• - -  

- ∆𝑣 = +1 

•  

•  

•  

• - -  
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Δ ±  

• Δ →  

• Δ − → -  

• Δ →  

ΔJ = ± IR  
 

 

 

𝐸𝑟 =
ℎ2

8𝜋2𝐼
𝐽(𝐽 + 1) 𝐸𝑟 = ℎ𝜗 =

ℎ𝐶

𝜆
= ℎ𝐶𝜗̅ 

ℎ𝐶𝜗̅ =
ℎ2

8𝜋2𝐼
𝐽(𝐽 + 1) 𝜗̅ =

ℎ

8𝜋2𝐼𝐶
𝐽(𝐽 + 1) 

𝜗̅ = 𝐵 𝐽(𝐽 + 1) 𝐸 = 𝐵 𝐽(𝐽 + 1) 
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Δ  

𝜗̅(𝐽+2) − 𝜗𝐽 = 𝐵[(𝐽 + 2)(𝐽 + 2 + 1)] −  𝐵𝐽(𝐽 + 1) 

∆𝜗̅ = 𝐵[(𝐽 + 2)(𝐽 + 3)] −  𝐵𝐽(𝐽 + 1) 

∆𝜗̅ = 𝐵(4𝐽 + 6) 

∆𝜗̅ = 2𝐵(2𝐽 + 3) 

Δ -  

∆𝜗̅ = −2𝐵(2𝐽 + 3)  

∆𝜗̅ = ± 2𝐵(2𝐽 + 3)        

∆𝐸 = 6𝐵  

∆𝐸 = 10𝐵  

∆𝐸 = 14𝐵 

 

 

 

 



 
 

14 
 

 
α

 

𝐼𝑅 ∝ (
𝑑𝛼

𝑑𝑄
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Molecular Vibrational Modes of CO2 and its Raman Activities 
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symmetry inversion 

centre)  

•  

•  

•  
 

 

• ν

 

• ν ν

 

 

   

₁       

₃       

₂       

Vibrational Mode Description Change 
in Dipole 
Moment? 

Change in 
Polarizability? 

IR 
Activity 

Raman 
Activity 

Symmetric 
Stretch (ν_1) 

Both O atoms move 
symmetrically away/towards C. 
C stationary. 

No Yes Inactive Active 

Asymmetric 
Stretch (ν_3) 

One O away, one O towards C. 
C also moves. 

Yes No Active Inactive 

Bending (ν_2) 
(Degenerate) 

O atoms move perpendicular to 
axis, causing bending in two 
planes. 

Yes No Active Inactive 
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