








5.  The ground state is labelled “X”.  It has a vibrational frequency of 212 cm-1 and an Re of 2.66 Å. 
An excited electronic state labelled “B” has a vibrational frequency of 125 cm-1 and an Re of 3.03 Å.  
Another excited electronic state labelled “a” has a vibrational frequency of 205 cm-1 and an Re of 
2.75 Å.  
 

State Vibrational Freq Re 
X 212 cm-1 2.66 Å 
B 125 cm-1 3.03 Å 
a 205 cm-1 2.75 Å 

 
 
Usually, larger the difference in the internuclear distances between the initial and final states, longer 
the progression one sees.  Hence the transition X→B is likely to show a longe progression than 
X→a. 
 
6.  In both transitions, the Re  in the upper state is larger than the ground state Re. Hence one can 
expect to see red degraded band heads, where the “R” branch will show the head.  
 
As we have already seen in an earlier problem, larger the difference in Re (and hence larger the 
difference in the B values) quicker is the turn around of the branch to form the head.  Since the X→B 
transition has the larger difference in the Re values, one can expect to see a band head formation at 
lower J values in this transition relative to what one would observe in the X→a transition.  
 
7. Na has the ground state electronic configuration 1s22s22p63s1.  Since the 1s2 2s2 and 2p6 have 
completely filled shells, they will not contribute to the angular momentum and only the 3s1 needs to 
be considered. Since we have only electron to consider, 
For the „s‟ electron, l = 0 and hence L = 0, implying we have an S state.   
For the one electron, spin s = ½ and hence S=1/2.  We have therefore a 2S state.  (Remember the 
superscript is the value for the degeneracy (2S+1).)  Coupling the L and S, we get J, which is given 
by: J = (L+S), (L+S-1),…., |(L-S)| 
Hence in this case the term state is 2S1/2 

 
For the P state, in which the lone electron is excited to a „p‟ orbital, we have again, L=1 (i.e. a P 
state)  and since s = ½ , S=1/2.  We have therefore a 2P state. The J values will be 3/2 and ½ and we 
therefore have 2P1/2  and 2P3/2  states.  
 
 Hence the transitions from the ground state to the excited state will actually be  
2S1/2  → 2P1/2 and 2S1/2  → 2P3/2.  Hence one sees a doublet in this transition.  
 
8. Please see Fig. 5.11 (Pg.147) in Banwell.  



Problem set 5B 

 

a. 1s22p1 
Completely closed shell configurations do not count towards angular momentum 
coupling.  That they will no contribution towards L and S.  In other words for closed 
shell configurations, L=0 and S=0.  Hence 1s2 need not be considered.  Only the 2p1 
part of the electron configuration will count.  For 2p1 , l=1.  Since it is the only 
electron present, L=l. Hence L=1, which is a P state. For the single electron, s=1/2. 
Hence S=1/2 or (2S+1) = 2.  Hence the term state is 2P, for which L=1 and S=1/2.  
Hence J will L+S, L+S-1, …..|(L-S)|, which will work out to 3/2 and ½.   
 
Hence the term states will 2P3/2 and 2P1/2. 
 
b. 1s12p1 
In this case, the 1s orbital is not completely filled and hence will contribute to the 
angular moment.  There are two electrons, one in 1s and the other in 2p.  Hence, l1 =0 
and l2 =1.  Hence L = (l1+l2), (l1+l2-1),…..| (l1-l2)|.  This works out to L=1, which is a 
P state.  Similarly, s1 =1/2 and s2 =1/2.  Hence S = (s1+s2), (s1+s2-1),…..| (s1-s2)|.  This 
works out to S=0 and 1. Hence you will get 1P and 3P states.  
 
For the 1P state, L= 1 and S=0 and the J state will be J=1 and hence the term state will 
be 1P1 

For the 3P state, L=1 and S=1, and the J states will be J=2,1,0 and hence the term 
states will be 3P0, 3P1, 3P2 
 
c. 2p13p1.  l1 =1 and l2 =1; Hence L= 2, 1, 0. s1 =1/2 and s2 =1/2. S=0 and 1. 
      Hence states are 3D, 1D, 3P, 1P , 3S, 1S, Inclusion of J, will yield,  
       3D3, 

3D2
3D1 ;  

1D2, 
3P2, 

3P1, 
3P0, 

1P1 , 
3S1, 

1S0 

 
d. 2p13d1 : States are: 3F, 1F, 3D, 1D , 3P, 1P, Inclusion of J, will yield 
        3F4, 

3F3 , 
3F2 ;  

1F3, 
3D3, 

3D2 , 
3D1, 

1D2, 
3P2, 

3P1, 
3P0, 

1P1 

 
e. 1s22s22p63s13p1 .   The initial part of the configuration 1s22s22p6 is closed shell 

and hence need not be considered.  The rest is 3s13p1 , which is like problem ‘b’ 
(s1p1) and hence the states will be: 1P and 3P 
 

f. 1s22s22p6 .  This is a closed shell configuration and hence the term state will be 
1S0.  


