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Introduction Ever since the discovery of molecular aggregates by Jelley and Scheibe in the 1930s, much study has been devoted to their fascinating 
optical and energy transport properties. These features have inspired the development of complex molecular systems, having potential applications as 
light-harvesting systems or nanowires. Arising from collective excitations called Frenkel excitons, the optical and energy transport properties strongly 
depend on the interaction with the environment. We study the influence of a dynamical environment on molecular aggregates. 

Motivation: Understanding effects of excitonic interactions and exciton-phonon coupling 

Model: Holstein Hamiltonian 

    C8S3 double-walled J-aggregates    -   Energy transport 

Model system for artificial light-harvesting complexes1 

Simple approach: perturbative analysis 
• Collective exciton states when the exciton-phonon coupling is weak 
• Displaced oscillator states if the molecular interactions are weak 
 

Better idea: variational polaron (or Lang-Firsov) transformation2 

Include interactions with 
dynamical environment: 

couple excitons with quantum 
harmonic oscillators 

Linear Optical Absorption 

Fermi’s Golden Rule 

Molecular dimer 
Free energy minimization 

Absorption spectra for the homogeneous dimer: 
Comparison with full numerical diagonalization for kT / ω0 = 0, λ2 = 1.0 
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Conclusions 

Results: Absorption spectra 

Renormalized interactions: 

Virtue: decoupling of excitations and vibrations 

Molecular interactions 

Bath energies 

Exciton-phonon coupling 

Site energies 

New perturbation term: 
Minimize this term by fixing the 
variational parameter via 
minimization of the free energy, 

Initial vibrational 
state occupancy 

Diagonalization of 
electronic states 

Vibrational overlap 
integrals 

Our model… 
 … accounts for both weak and strong exciton-phonon coupling 

We observe… 
 … thermal destruction of exciton coherence within a dimer 

We propose… 
 … a novel approach to calculate optical spectra 

What is the influence 
of exciton-phonon 

coupling on the 
excitonic interactions 

between closely-
spaced 

supramolecular 
assemblies? 

               TPPS4 tubular aggregates3       -      Optical response 

What is the influence 
of exciton-phonon 

coupling on the 
structure of the 

absorption spectrum?  

J / ω0 = -0.25 J / ω0 = -1 J / ω0 = -2 

Delocalized exciton regime 

Homogeneous dimer 

Absorption spectra for the heterogeneous dimer: 
Thermal effects for λ2 = 1.0, J / ω0 = -1, Δ = ε2 – ε1 = 0.25 ω0  

kT / ω0 = 0 kT / ω0 = 2 

Localized exciton regime 

Free energy minimization 

• Thermal desctruction of heterodimer exciton coherence 
• Broadening of absorption spectra due to vibrational side bands 

Vibrational structure visible in the absorption bands in the inset 


