Homework H34 Solution
1. Worked problem 8.4 Solution: It’s in the book!
2. Problem 8.3 in the book. Solution:
a)

!

From the MO diagrams, bond order of Li! = ! 2 − 0 = 1, while that of Li! ! =
!

1 − 0 = 0.5. Hence Li has the stronger bond. Bonus question: what is the term
symbol for Li2? For Li2+?
!

b)

!

!

Bond order of C! = ! 4 − 0 = 2, while that of C! ! = ! 5 − 0 = 2.5. Hence
C! ! has the stronger bond. Note the term symbol for C2- is 2Σ. It has one unpaired
electron with s=1/2 and 2 MS states (±1/2). Its pi electrons are all paired into π±1
orbitals so their orbital angular momentum cancels to 0.
c)

!

!

Bond order of F! = ! 6 − 4 = 1, while that of F! ! = ! 6 − 3 = 1.5. Hence F! !
has the stronger bond. That does not mean it’s more stable than F2: F2+ has a huge
electron affinity and thus F2 is lower in energy: adding an e- lowers the energy of the
system overall by giving the electron a positive charge to be nearby, but it does
weaken the F-F bond:

Figure illustrating that F2+ is less stable than F2, even though F2 has the
larger bond distance and the weaker bond (smaller dissociation energy.
3. Problem 8.4 in the book.
Solution:

From the MO diagram of O2, we can easily get the diagrams for the ions by adding or
removing electrons from / to the highest occupied / lowest unoccupied levels. Thus,
the bond orders of :
𝑂! ! :
𝑂! :

1
6 − 1 = 2.5
2
1
6−2 =2
2

𝑂! ! :

1
6 − 3 = 1.5
2

𝑂! !! :

1
6−4 =1
2

Higher the bond order, stronger is the bond, and the closer the atoms are towards each
other. Thus, the bond lengths of 𝑂! ! < 𝑂! < 𝑂! ! < 𝑂! !! .
4. Turn in: Problem 8.7 Solution:
Many of the necessary steps for solving this problem are found in worked problem 8.4.
As a result, 8.4 will be referenced here and you should review this problem if you have
not already.
H2S will have the same general form for its three hybrid orbitals as H2O, except the
valence shell of sulfur is one principal quantum number higher than oxygen:
𝜙! = 𝑐! 𝜓!! + 𝑐! 𝜓!!! + 𝑐! 𝜓!!!
𝜙! = 𝑐! 𝜓!! − 𝑐! 𝜓!!! + 𝑐! 𝜓!!!
𝜙! = 𝑐! 𝜓!! − 𝑐! 𝜓!!!
The normalization conditions are
𝑐!! + 𝑐!! + 𝑐!! = 1 and 𝑐!! + 𝑐!! = 1
Additionally, the fractional contributions made by individual atomic orbitals to the hybrid
orbitals must add up to one. Therefore,
2𝑐!! + 𝑐!! = 2𝑐!! = 2𝑐!! + 𝑐!! = 1
!
From the above equation we see that 𝑐! = ! = 0.707, independent of the bond angle we
are considering. We also know from the Figure 8.23 (page 164) that the bond angle θ can
be calculated according to the formula
θ
𝑐!
𝑡𝑎𝑛
=
2
𝑐!
Because we are attempting to find the proportion of sulfur 3s orbital character in the
bonding orbitals, we need to find 𝑐!! . Rearranging the above equation to isolate 𝑐! and
substituting in the value of 𝑐! we have
𝑐!
0.707
𝑐! =
=
= 0.680
92.2
θ
tan 2
tan 2
From the normalization condition we get
𝑐!! = 1−𝑐!! − 𝑐!! = 1 − 0.680! − 0.707! = 0.0378 ~ 3.7% .

5. Write down the full wavefunction (e- configuration) in the VB basis for an H2O
molecule where an electron is excited form the 2σ à 3σ* orbital. Don’t forget
antisymmetrization.
Solution: As presented in lecture, the full wavefunction for the ground state is given by

𝜓!"!,!"!# = 𝒜!" 1𝑠 ! 1𝜎 ! 2𝜎 ! 2𝑝! ! 𝜙!!
Exciting an electron from the 2σ à 3σ* orbital we have
𝜓!"!,!"!# = 𝒜!" 1𝑠 ! 1𝜎 ! 2𝜎 ! 3𝜎 ∗! 2𝑝! ! 𝜙!!

