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Molecular Orbital Theory Practice Problems: Mastering
the Concepts Through Application

Are you struggling to wrap your head around molecular orbital theory (MOT)? Do those diagrams
and energy level calculations leave you feeling lost? You're not alone! Many students find MOT
challenging, but mastering it is crucial for understanding chemical bonding and reactivity. This
comprehensive guide provides a range of molecular orbital theory practice problems, carefully
designed to build your understanding from basic concepts to more complex applications. We'll walk
you through the solutions, explaining the reasoning behind each step, so you can confidently tackle
any MOT challenge thrown your way. Get ready to solidify your knowledge and boost your
confidence in this essential area of chemistry!

Understanding the Fundamentals: A Quick Recap Before We
Dive In

Before we jump into the practice problems, let's briefly review the key concepts of molecular orbital
theory. Remember, MOT describes bonding in molecules by considering the combination of atomic
orbitals to form molecular orbitals. These molecular orbitals can be bonding (lower in energy than
the atomic orbitals), antibonding (higher in energy), or non-bonding (similar in energy). The filling of
these molecular orbitals with electrons dictates the molecule's bond order, stability, and magnetic
properties. Key terms you should be familiar with include:

Linear Combination of Atomic Orbitals (LCAO): The mathematical process of combining atomic
orbitals.

Bond Order: (Number of bonding electrons - Number of antibonding electrons) / 2. This indicates the
strength of the bond.

HOMO (Highest Occupied Molecular Orbital): The highest energy molecular orbital containing
electrons.

LUMO (Lowest Unoccupied Molecular Orbital): The lowest energy molecular orbital without
electrons.

Paramagnetic vs. Diamagnetic: Paramagnetic molecules have unpaired electrons, while diamagnetic
molecules have all electrons paired.

Molecular Orbital Theory Practice Problems: Simple Diatomic
Molecules

Let's start with some straightforward examples focusing on simple diatomic molecules. These
problems will help you build a solid foundation before moving onto more complex structures.

Problem 1: H>

Construct the molecular orbital diagram for Hz. Determine the bond order and whether the molecule



is diamagnetic or paramagnetic.

Solution: Two hydrogen atoms each contribute one 1s atomic orbital. These combine to form one
bonding o1s and one antibonding o1s molecular orbital. Both electrons fill the bonding orbital,
resulting in a bond order of (2-0)/2 = 1 and a diamagnetic molecule.

Problem 2: He:

Construct the molecular orbital diagram for Hez. Determine the bond order and whether the
molecule is diamagnetic or paramagnetic.

Solution: Each helium atom contributes two 1s electrons. The bonding o1s and antibonding ols
orbitals are both filled (2 electrons each). The bond order is (2-2)/2 = 0, indicating that He: is not a
stable molecule. It's diamagnetic because all electrons are paired.

Problem 3: O2

Construct the molecular orbital diagram for O2. Determine the bond order, and whether the
molecule is diamagnetic or paramagnetic. Explain the magnetic properties.

Solution: This involves 2p orbitals as well, leading to 02p, n2p, n2p, and 02p molecular orbitals. The
filling of these orbitals results in a bond order of 2 and a paramagnetic molecule due to two unpaired
electrons in the n2p orbitals.

Molecular Orbital Theory Practice Problems: More Complex
Molecules

Now let's tackle problems involving more complex molecules and concepts.

Problem 4: CO

Construct the molecular orbital diagram for CO. Determine the bond order and the formal charges
on C and O.

Solution: This requires considering the 2s and 2p orbitals of both carbon and oxygen. You'll need to
account for the different electronegativities of carbon and oxygen, influencing the energy levels of
the molecular orbitals. The bond order will be high, and the formal charges should reflect the
electronegativity difference.

Problem 5: NO*

Construct the molecular orbital diagram for NO*. Determine its bond order and magnetic properties.
Compare it to NO.

Solution: This problem allows you to compare the effect of removing an electron from NO. Analyze
how the removal of an electron impacts the bond order and magnetic properties. This will help
deepen your understanding of how electron configuration relates to molecular stability.



Problem 6: Heteronuclear Diatomics and Electronegativity

Explain how the concept of electronegativity affects the molecular orbital diagrams of heteronuclear
diatomic molecules (like CO, NO). How does this influence the electron distribution and bond
polarity?

Solution: Electronegativity differences lead to unequal contributions of atomic orbitals to molecular
orbitals. This results in a shift in energy levels and electron density towards the more
electronegative atom. The bond becomes polar.

Advanced Molecular Orbital Theory Practice Problems: Beyond
Diatomics

For a true challenge, consider these problems focusing on polyatomic molecules and more advanced
concepts:

Problem 7: Benzene (CsHs)

Describe the molecular orbital theory approach to understanding the bonding in benzene. Explain
the concept of aromaticity in terms of molecular orbitals.

Solution: This problem requires a deeper understanding of the concepts of conjugated pi systems
and the stabilization associated with delocalized electrons in cyclic molecules. It will reinforce the
importance of understanding energy level diagrams to explain chemical phenomena.

Problem 8: Analyzing UV-Vis Spectra

How can molecular orbital theory be used to interpret UV-Vis absorption spectra? Explain how the
HOMO-LUMO energy gap correlates with the wavelength of light absorbed.

Solution: The energy difference between the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) dictates the energy of light a molecule can absorb. This
absorption is what is detected in UV-Vis spectroscopy.

Conclusion

By working through these molecular orbital theory practice problems, you've strengthened your
understanding of this fundamental aspect of chemistry. Remember, practice is key to mastering
MOT. The more problems you solve, the more confident and proficient you'll become in applying
these concepts. Keep practicing, and you'll find yourself readily tackling more complex challenges
with ease.

FAQs

1. What are the limitations of molecular orbital theory?



While powerful, MOT has limitations. It can be computationally intensive for large molecules and
doesn't always accurately predict the properties of highly correlated systems.

1. How does molecular orbital theory differ from valence bond theory?

MOT describes bonding through the combination of atomic orbitals to form molecular orbitals, while
valence bond theory focuses on the overlap of atomic orbitals. MOT better explains delocalized
electrons.

1. Can molecular orbital theory be applied to solids?

Yes, band theory, a crucial concept in solid-state physics, is an extension of molecular orbital theory,
applied to a vast number of atoms in a crystal lattice.

1. Are there software tools to help visualize molecular orbitals?

Yes, various software packages (like Gaussian, GAMESS, etc.) can perform molecular orbital
calculations and generate visualizations of molecular orbitals.

1. Where can I find more molecular orbital theory practice problems?

Many chemistry textbooks, online resources, and problem sets provided by university chemistry
departments offer additional practice problems. Search specifically for "molecular orbital theory
problems and solutions" or check your textbook's supplemental materials.
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