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1. How does the number of radial and angular nodes in an orbital relate to the quantum numbers, and why is this 
relationship significant for understanding bonding in solids?



1. How does the number of radial and angular nodes in an orbital relate to the quantum numbers, and why is this 
relationship significant for understanding bonding in solids?

The number of radial nodes equals n – l – 1, and the number of angular (nodal planes) equals l. For example, a 3s 
orbital (n = 3, l = 0) has two radial nodes, while a 3d orbital (n = 3, l = 2) has two angular nodes. This relationship is 
significant because the presence and type of nodes determine orbital shapes and electron density distribution, 
which in turn control orbital overlap and bonding directionality in solids



2. Why are 3d orbitals higher in energy than 4s orbitals in potassium but lower in energy by the time we reach zinc, 
and how does this trend affect the chemistry of transition metals?



2. Why are 3d orbitals higher in energy than 4s orbitals in potassium but lower in energy by the time we reach zinc, 
and how does this trend affect the chemistry of transition metals?

In early transition metals (e.g., K, Ca), 4s orbitals lie lower in energy because they penetrate closer to the nucleus. As 
we add more d electrons, electron–electron repulsion and poor shielding by d orbitals lower the 3d energies until they 
become core-like by zinc. Consequently, transition metals preferentially lose 4s rather than 3d electrons during 
oxidation, explaining the stable +2 oxidation state of zinc and the variability of oxidation states across the transition 
series



3. What causes the “inert pair effect” observed in heavy p-block elements, and how does this arise from 
relativistic effects?



3. What causes the “inert pair effect” observed in heavy p-block elements, and how does this arise from 
relativistic effects?

In heavy atoms like thallium and lead, the 6s orbitals are relativistically stabilized because inner electrons move 
at speeds approaching light, increasing their effective mass and contraction. This lowers the energy of s orbitals 
relative to p orbitals by 2–3 eV more than expected, reducing the tendency of the s electrons to participate in 
bonding. The result is stabilization of lower oxidation states such as Pb²⁺ over Pb⁴⁺



4. Why do second-period elements (C, N, O) form strong π bonds, whereas heavier congeners (Si, P, S) rarely do, 
and what orbital property explains this difference?



4. Why do second-period elements (C, N, O) form strong π bonds, whereas heavier congeners (Si, P, S) rarely do, 
and what orbital property explains this difference?

The 2p orbitals of second-period elements are anomalously small and similar in size to 2s orbitals, enabling 
effective side-by-side overlap for π bonding. In contrast, 3p orbitals in heavier elements are much larger and 
diffuse, leading to poor overlap and weak π bonding. This size similarity between 2s and 2p orbitals underlies 
the rich π-bond chemistry of carbon and its importance in organic and solid-state structures



Molecular Orbital Theory









































Homework: 5.7 – 5.13, 5.15


