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8.6.2: Selection Rules

Electronic transitions between states of different energies give rise to electronic spectra. However, some transitions are more
probable, and thus more intense, than others. In UV-vis spectroscopy, for example, the transitions that are "allowed" can give rise to
absorption bands that are much more intense than transitions that are "forbidden". To be clear, "forbidden" transitions are still
possible, and are sometimes observable, but are less intense because they happen less frequently than "allowed" transition when the
molecules are exposed to electromagnetic radiation.

X Selection Rules that govern Electronic Transitions

The Selection Rules governing transitions between electronic energy levels (including microstates and terms) are:

1. The Spin Selection Rule, AS =0.
2. The Laporte (or orbital) Selection Rule, for centrosymmetric molecules g — u or u — g, or Al = +1.

Selection rules that govern electronic transitions

Spin selection rule

The Spin Selection Rule forbids transitions between states with different total spin, and thus different spin multiplicity. This rule
allows transitions only between states with the same total intrinsic spin (AS = 0), and thus the same spin multiplicity value in the
term symbol. In other words, the direction of the promoted electron's spin should not change. Just in case it is not obvious yet, the
spin multiplicity is the left superscript in the term symbol, so this rule allows transitions between terms with the same superscript.
For example, this rule would allow a transition from a T term to a 3 A term, but not from 37" to 2D.

Laporte (orbital) Selection Rule

The Laporte Selection Rule applies to molecules that have a center of symmetry (aka center of inversion, centrosymmetric). This
rule forbids transitions between states with the same parity (symmetry) with respect to an inversion center (¢). Parity is indicated on
molecular orbitals and on term symbols with subscripts g (gerade, or even) and u (ungerade, or uneven). Transitions between w and
g terms are allowed (eg Ty — T, is allowed), but those between two g or two u terms are forbidden (eg T34 — 174 is forbidden).
Because different types of orbitals have different symmetries with respect to ¢, this rule is sometimes referred to as the "orbital
selection rule". It forbids transitions within one type of orbital subshell. For example, p orbitals are antisymmetric with respect to %,
while both s and d orbitals are symmetric with respect to 4. This rule forbids s — s, p — p, d = d, and d — s transitions, but
allows transition between d — p and d — s orbitals. This rule is important in transition metal complexes because it fobids d —d
transitions in centrosymmetric geometries, including octahedral and linear coordination geometries.

Despite these selection rules, d — d transitions are a hallmark feature of octahedral transition metal complexes, and are often
responsible for their brilliant colors. These d — d transtions, and other forbidden transitions may still occur, primarily through
relaxation of these rules in specific cases.

X Breaking the rules!

Relaxation of the Laporte and Spin Selection Rules rules can occur through:

o Vibronic coupling: the bonds of metal complexes vibrate and may cause temporary distortions in molecular symmetry.
These distortions can cause temporary loss in symmetry (as well as some orbital mixing), and thus allow d — d transitions
in those moments of distortion. Despite being forbidden by the Laporte Selection rule, the d — d transitions in octahedral
complexes appear, but are weak (of low intensity) with molar absorptivities < 100 M ~em ™.

o Orbital Mixing: In the case of octahedral complexes, 7-acceptor and 7w-donor ligands can mix with the d-orbitals so that
transitions are no longer purely d — d (but these are usually considered "charge transfer" transitions, not d — d). In the
case of tetrahedral complexes, the molecule has no center of symmetry (thus no u or g subscripts on the terms). In the
valence orbital model, a tetrahedral molecule is said to have sp® and sd® hybridized orbitals, while MO theory predicts
MO's with mixtures of some s, p, and d character - this mixing of orbital types can allow transitions between "mixed"
orbitals that would otherwise be forbidden in "pure" orbitals. A similar phenomenon would occur in octahedrons with
significant distortion, or in other coordination geometries that provide potential for orbital mixing.
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e Spin-Orbit coupling: This gives rise to spin-forbidden bands of low intensity, usually with very weak molar absorptivities
approximately < 1M ~'em ™! . This phenomenon is usually more important for transition metals of the second row 4d and
beyond.

? Exercise 8.6.2.1

Consider the d? case presented in a previous section. The free ion terms for d? were found to be 3F, 'G, 3P, ' D, 'S. First,
identify the ground state term. Then identify the Spin-Allowed excitations starting from the ground state.
Answer

The ground state is 3 F'. There is only one spin-allowed transition: 3 F —3 P.

The spin-forbidden transitions from 3 F include *F —! D, 3F —! G, and 3F —' §.

This page titled 8.6.2: Selection Rules is shared under a not declared license and was authored, remixed, and/or curated by Kathryn Haas.

« Selection Rules for Electronic Spectra of Transition Metal Complexes by Robert J. Lancashire is licensed CC BY 4.0.

8.6.2.2 https://chem.libretexts.org/@go/page/494532


https://libretexts.org/
https://chem.libretexts.org/@go/page/494532?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Spectroscopy/Electronic_Spectroscopy/Spin-orbit_Coupling
https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Inorganic_Chemistry_(LibreTexts)/11%3A_Coordination_Chemistry_III_-_Electronic_Spectra/11.02%3A_Quantum_Numbers_of_Multielectron_Atoms#Finding_all_possible_microstates_for_an_atom_or_ion
https://chem.libretexts.org/Courses/Ursinus_College/CHEM322%3A_Inorganic_Chemistry/08%3A_Electronic_Structure_of_Coordination_Complexes/8.06%3A_Tanabe_Sugano_Diagrams/8.6.02%3A_Selection_Rules
https://chem.libretexts.org/Courses/Ursinus_College/CHEM322%3A_Inorganic_Chemistry/08%3A_Electronic_Structure_of_Coordination_Complexes/8.06%3A_Tanabe_Sugano_Diagrams/8.6.02%3A_Selection_Rules?no-cache
https://scholars.duke.edu/person/kathryn.haas
https://chem.libretexts.org/@go/page/1772
http://wwwchem.uwimona.edu.jm/chrl.html
https://creativecommons.org/licenses/by/4.0/

