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22.5.4: iv. Problem Solutions

Q1 

a.  

evaluating  (using only the radial portions of the 1s and 2s wavefunctions since the spherical harmonics will integrate to unity) where V =  
 

 
Using integral equation 4 for two integration we obtain: 

 
 

b.  

The orthogonality of the spherical harmonics results in only s-states having non-zero values for . We can then drop the  (integrating this term will only
result in unity) in determining the value of . 

 
Evaluating these integrals using integral equation 4 we obtain: 
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The transition probability is the square of this amplitude: 

 
The difference in these two results (parts a. and b.) will become negligible at large values of Z when the perturbation becomes less significant as in the case of Z =
1. 

Q2 

 is along Z (lab fixed), and  is along z (the C-I module fixed bond). The angle between Z and z is : 

 
So, 
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The 3-J symbols vanish unless: K' + 0 = K and M' + 0 = M. 
So,  

 

b.  and  vanish unless J' = J + 1, J, J - 1  

The K quantum number can not change because the dipole moment lies along the molecule's  axis and the light's electric field thus can exert no torque that
twists the molecule about this axis. As a result, the light can not induce transitions that excite the molecule's spinning motion about this axis. 

Q3 

a. B atom:  ground state L = 1, S = , gives degeneracy ((2L + 1)(2S + 1)) of 6. 

O atom: ,  ground state L = 1, S = 1, gives a degeneracy ((2L + 1)(2S + 1)) of 9. 
The total number of states formed is then (6)(0) = 54. 
b. We need only consider the p orbitals to find the low lying molecular states: 

 
Which, in reality look like this: 
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This is the correct ordering to give a  ground state. The only low-lying electron configurations are . These lead to 
states, respectively. 

c. The bond orders in both states are . 

d. The  is + and g/u cannot be specified since this is a heteronuclear molecule.  
e. Only one excited state, the , is spin-allowed to radiate to the . Consider symmetries of transitio moment operators that arise in the E1, E2 and M1
contributions to the transition rate 
Electric dipole allowed:  is electric dipole allowed via a perpendicular band.  
Magnetic dipole allowed:  is magnetic dipole allowed. 
Electric quadrupole allowed:  is electric quadrupole allowed as well. 
f. Since ionization will remove a bonding electron, the BO  bond is weaker than the BO bond. 
g. The ground state BO  is  corresponding to a  electron configuration. An electron configuration of  leads to a  and a  state. The  will
be lower in energy. A  confirmation will lead to higher lying states of . 
h. There should be 3 bands corresponding to formation of BO  in the  states. Since each of these involves removing a bonding electron, the
Franck-Conden integrals will be appreciable for several vibrational levels, and thus a vibrational progression should be observed. 

Q4 

a. The bending  vibration is degenerate. 
b.

 
c.

 
d. CH stretch (  in figure) is  CN stretch is  and HCN  in figure) bend is . 
e. Under z light the CN stretch and the CH stretch can be exited, since  provides coupling. 
f. Under x,y ( ) light the HCN bend can be excited, since  and x,y =  provides coupling. 
g. The bending vibration is active under (x,y) perpendicular polarized light.  are the selection rules for  transitions. The CH stretching vibration is
active under (z)  polarized light.  are the selection rules for  transitions.

This page titled 22.5.4: iv. Problem Solutions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Jack Simons via source content that was
edited to the style and standards of the LibreTexts platform.

2 ∑
+ 1 5  or 1 5π3 σ2 π4 σ1 Π2  and 2\Sum+

2
1

2
∑2

Π2 2 ∑
+

z → , x, y → Π, ∴ Π∑+  the 2 →2 ∑+

→ , → Π, ∴ /rightarroRz ∑
−

Rx,y  the ∑ w2 ∑
+

+ , → , xy, yz → Π, − , xy → Δ ∴ Πx2 y2 z2 ∑+ x2 y2  the 2 →2 ∑+

+

+ 1 ∑
+ 1π4 1 5π3 σ1 Π3 Π1 Pi3

1 5π2 σ2 Δ,3 ∑−,1  and 1 ∑+

+ Π1 ∑+,3 , and Π

(π)

H −−

⇑

−C ≡ N

bending fundamental

(22.5.4.38)

(22.5.4.39)

(22.5.4.40)

H −−

⇑

−C ≡ N

stretching fundamental

(22.5.4.41)

(22.5.4.42)

(22.5.4.43)

ν3 σ σ (ν2 π

(σ) = σ, = σ and z = σψ0 ψ1

π = σ, = πψ0 ψ1 π

ΔJ = 0, ±1 ⊥
∥ ΔJ = ±1 ∥

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/84794?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Mechanics__in_Chemistry_(Simons_and_Nichols)/22%3A_Problems/22.05%3A_Time_Dependent_Processes/22.5.04%3A_iv._Problem_Solutions
https://creativecommons.org/licenses/by-nc-sa/4.0
http://simons.hec.utah.edu/
http://simons.hec.utah.edu/TheoryPage/BookPDF/

