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Answer Key: Complex Chemical Connections: College Chemistry Quiz

Analyze molecular orbital theory and lattice energy through 10 advanced problems essential for materials 
science and pharmaceutical engineering careers.

1. Which transition in the MO diagram of a heteronuclear diatomic molecule like Carbon Monoxide (CO) 
explains its high affinity for transition metal centers in organometallic catalysis?

Answer: C) Electron donation from the non-bonding HOMO

In CO, the HOMO is a slightly antibonding sigma orbital largely localized on carbon. Its energy and symmetry allow 
it to act as a strong sigma-donor to metal d-orbitals.

2. According to the Born-Haber cycle, the stability of an ionic solid is primarily dictated by its ______, 
which quantifies the energy released when gaseous ions form a crystal lattice.

Answer: B) Lattice Energy

Lattice energy is the dominant exothermic step in the formation of ionic compounds, calculated using the Born-Landé 
equation or experimental Born-Haber data.

3. In Molecular Orbital theory, the paramagnetic nature of Liquid Oxygen is explained by the presence 
of two unpaired electrons in the pi-star (π*) antibonding orbitals.

Answer: A) True

Unlike Valence Bond theory, MO theory correctly predicts oxygen's paramagnetism due to the degenerate π*2p 
orbitals each containing one electron according to Hund's rule.

4. Evaluate the following molecules based on Fajan’s Rules: Which would demonstrate the highest 
degree of covalent character despite being classified as an ionic halide?

Answer: B) LiI

Fajan's Rules state that covalency increases with high charge and small cation size (Li+) combined with large, easily 
polarizable anions (I-).

5. The ______ effect describes the phenomenon where the 6s2 electrons in heavy elements like Thallium 
or Lead remain unshared, leading to oxidation states two units lower than expected.

Answer: C) Inert Pair
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The inert pair effect occurs because the 6s electrons are held more tightly due to relativistic effects and poor shielding 
by 4f/5d electrons, hindering their involvement in bonding.

6. In the context of Band Theory, what distinguishes a p-type semiconductor from an intrinsic semi-
conductor?

Answer: B) Introduction of acceptor levels near the valence band

P-type semiconductors are created by doping with elements with fewer valence electrons, creating 'holes' or acceptor 
levels just above the valence band edge.

7. The Berry Pseudorotation mechanism explains how phosphorus pentachloride (PCl5) undergoes 
rapid exchange between axial and equatorial ligands to appear symmetric on an NMR timescale.

Answer: A) True

Berry Pseudorotation is a specific vibrational process in trigonal bipyramidal molecules where two axial and two 
equatorial ligands exchange positions through a square pyramidal intermediate.

8. When considering the molecular geometry of the Xenon tetrafluoride (XeF4) molecule via VSEPR 
theory, the presence of two lone pairs results in a ______ geometry.

Answer: B) Square Planar

XeF4 has an AX4E2 configuration. To minimize lone pair-lone pair repulsion, the lone pairs occupy axial positions, 
leaving the atoms in a square planar arrangement.

9. Which of the following best describes the 'Bond Order' of the Nitrosyl cation (NO+)?

Answer: D) 3.0

NO+ is isoelectronic with N2 and CO. Removing an electron from the π* antibonding orbital of NO (bond order 2.5) 
increases the bond order to 3.0.

10. Bent's Rule suggests that more electronegative substituents prefer hybrid orbitals with greater 's' 
character.

Answer: B) False

Bent's Rule states that more electronegative substituents prefer orbitals with more 'p' character, while more elec-
tropositive groups prefer orbitals with more 's' character.
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