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Introduction Control of energy transport on the nanoscale is of fundamental importance in molecular electronics and 

light-harvesting complexes. Molecular assemblies formed by the C8S3 cyanine dye are ideal model systems to study 
energy transport properties as they consist of two well-defined, closely-spaced nanotubular aggregates with remarkable 
uniform structures. 
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Motivation: Understanding effects of excitonic interactions between supramolecular assemblies 

Exciton Dynamics in Coupled Molecular Aggregates 

Model: Holstein Hamiltonian 

Outer wall energy regime 

C8S3 double-walled J-aggregates  Experimental Spectrum Theoretical calculations 

Excitation probability 
Band mixing 

Simulations suggest strong mixing 
between inner and outer wall 

Experimental data indicates separate 
inner and outer wall exciton systems Model system for artificial light harvesting complexes 

Simple Approach: Perturbation Analysis 

Better way: Polaron (or Lang-Firsov) transformation 

Include interactions with 
dynamical environment: 

temperature-/vibrational-
induced decoupling excitons  

Decoupled excitations and vibrations: 

Depend on temperature and vibrational coupling strength  

Linear Optical Absorption 
Fermi’s Golden Rule 

Initial vibrational 
state occupancy: Electronic states, 

diagonalization: 

Vibrational transition 
matrix elements: 

üCollective (exciton) states if exciton-phonon coupling is weak. 
üDisplaced Oscillator states if molecular interactions are weak. 

Single Molecule Molecular Dimer 

Weak vibronic coupling 

Strong vibronic coupling 

Site energies 

Molecular interactions 

Exciton-phonon coupling 

Bath energies 

Renormalized interactions: 

New perturbation term! 0
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Delocalized exciton regime 

Asymmetric eigenstate

Symmetric eigenstate
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Localized exciton regime 

Eigenstate of one
monomer

Eigenstate of other
monomer
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Conclusions 
Our model: 

V Accounts  for weak and strong exciton-phonon coupling  
We show: 

V Thermal and vibrational induced destruction of 
coherence between supramolecular aggregates We find: 

V A novel approach to calculating optical spectra 

Results: Absorption spectra 

Results: Thermal destruction of coherence of dimers 

ground state 

excited state 
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Increasing Temperature 

Probability to find excitation on the acceptor dimer (horizontal axis) 
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