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15.1: Electronic Interactions

In this section we will describe processes that result from the interaction between two or more molecular electronic states, such as
the transport of electrons or electronic excitation. This problem can be formulated in terms of a familiar Hamiltonian

H=Hy+V (15.1.1)

in which H, describes the electronic states (including any coupling to nuclear motion), and V is the interaction between the
electronic states. In formulating such a problem we will need to consider some basic questions: Is V strong or weak? Are the
electronic states described in a diabatic or adiabatic basis? How do nuclear degrees of freedom influence the electronic couplings?
For weak couplings, we can describe the transport of electrons and electronic excitation with perturbation theory drawing on
Fermi’s Golden Rule:
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This approach underlies common descriptions of electronic energy transport and non-adiabatic electron transfer. We will discuss
this regime concentrating on the influence of vibrational motions they are coupled to. However, the electronic couplings can also be
strong, in which case the resulting states become delocalized. We will discuss this limit in the context of excitons that arise in
molecular aggregates.

To begin, it is useful to catalog a number of electronic interactions of interest. We can use some schematic diagrams to illustrate
them, emphasizing the close relationship between the various transport processes. However, we need to be careful, since these are
not meant to imply a mechanism or meaningful information on dynamics. Here are a few commonly described processes involving
transfer from a donor molecule D to an acceptor molecule A:

a) Resonance Energy Transfer

Applies to the transfer of energy from the electronic excited state of a donor to an acceptor molecule. Arises from a Coulomb
interaction that is operative at long range, i.e., distances large compared to molecular dimensions. Requires electronic resonance.
Named for the first practical derivations of expressions describing this effect: Forster Resonance Energy Transfer (FRET)

b) Electron Transfer Marcus theory.

Nonadiabatic electron transfer. Requires wavefunction overlap.

y y

B — —

+
aA a[)

it T
D* A D A

|G)

*

Ground state Electron Transfer

gt — 4t
D A D* A*
Excised state Electron Transfer

y Y

gy = — X —
T g
D* A D* A"

https://chem.libretexts.org/@go/page/107307



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/107307?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Time_Dependent_Quantum_Mechanics_and_Spectroscopy_(Tokmakoff)/15%3A_Energy_and_Charge_Transfer/15.01%3A_Electronic_Interactions

LibreTextsw

Hole Transfer

£ = — - —
o1 31 — 1
D* A D* A*

c¢) Electron-exchange energy transfer

Dexter Transfer. Requires wavefunction overlap. Singlet or triplet
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d) Singlet Fission

Singlet fission
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