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Nonadiabatic dynamics at large scales 

from perspective of applications to organic semiconductors 
 

Andriy Zhugayevych 
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Electron-phonon interaction in semiconductors is always important for the understanding of their 

optoelectronic properties such as charge carrier mobility because their frontier orbitals are 

typically composed of bonding and antibonding orbitals. In many materials, this interaction can be 

considered perturbatively, but whenever electronic and vibronic couplings are comparable in 

magnitude, the electron-phonon dynamics becomes complicated. In such cases, we usually 

understand the mechanisms of electron-phonon interactions, have tools for accurate modeling of 

nonadiabatic dynamics at small scales, and can resort to simplified lattice models to grab the 

essence of large-scale phenomena. At the same time, first-principles modeling of real-world 

materials remains challenging because known scalable methods contain a lot of uncontrolled 

approximations, whereas a very limited amount of reference data for methodology validation is 

available, either experimental or of higher-level theory. This is the case for organic 

semiconductors, and in the first part of my talk I will discuss open questions in the modeling of 

these materials (related to nonadiabatic dynamics) for various applications such as solar cells [1] 

and metal-ion batteries [2]. Then in the second part I will focus on a particular problem: how to 

reduce the basis of the electronic part of the Hamiltonian and how to parameterize the latter from 

DFT calculations. This can be called electronic coarse-graining: constructing a minimal basis that 

provides an accurate description of frontier orbitals and near-gap excitations under thermal 

fluctuations. For small-molecule solids, the solution is trivial – one electronic state per molecule, 

but a general case requires a more elaborated approach, examples include long oligomers [1] and 

polymers [2]. 
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Transfer of excitation energy is a key step in light harvesting and hence of huge technological 

relevance for solar energy conversion. In bare organic materials, energy transfer proceeds via 

incoherent hops, which restrict propagation lengths to the nanoscale[1]. This imposes a limitation 

on the thickness of the active layer of organic solar cells and, as a consequence, on their efficiency. 

In contrast, energy transport over several micrometers has been observed in the strong coupling 

regime where excitations hybridize with confined light modes to form polaritons[2-7]. Because 

polaritons inherit the group velocity of the confined light modes, their propagation is ballistic and 

long-ranged. However, experiments on organic microcavities indicate that polaritons propagate in 

a diffusive manner and much more slowly than the polariton group velocity. In this study, we 

resolve this controversy by means of atomistic multiscale molecular dynamics simulations of 

Rhodamine molecules in a Fabry-Perot cavity. Our results suggest that polariton propagation is 

limited by the cavity lifetime and appears diffusive due to reversible population transfer between 

bright polaritonic states that propagate ballistically at their group velocities, and dark states that 

are stationary. Furthermore, because the long-lived dark states can effectively trap the excitation, 

propagation is observed on timescales far beyond the intrinsic polariton lifetime. The atomistic 

insights from our simulations not only help to better understand and interpret experimental 

observations, but also pave the way towards rational design of molecule-cavity systems for 

achieving coherent long-range energy transport. 
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How to connect 
 
Alexey Akimov is inviting you to a scheduled Zoom meeting. 
 
Topic: VISTA, Seminar 44 
Time: Nov 2, 2022 10:00 AM Eastern Time (US and Canada) 
 
Join Zoom Meeting 
https://buffalo.zoom.us/j/94037980755?pwd=M2lYa09Wc3IrWHE2NVZ2SUMwM3p6Zz09 
 
Meeting ID: 940 3798 0755 
Passcode: 110301 
One tap mobile 
+16465588656,,94037980755#,,,,*110301# US (New York) 
+13126266799,,94037980755#,,,,*110301# US (Chicago) 
 
Dial by your location 
        +1 646 558 8656 US (New York) 
        +1 312 626 6799 US (Chicago) 
        +1 301 715 8592 US (Washington DC) 
        +1 253 215 8782 US (Tacoma) 
        +1 346 248 7799 US (Houston) 
        +1 669 900 9128 US (San Jose) 
Meeting ID: 940 3798 0755 
Passcode: 110301 
Find your local number: https://buffalo.zoom.us/u/aefBIyfNxx 
 
Join by SIP 
94037980755@zoomcrc.com 
 
Join by H.323 
162.255.37.11 (US West) 
162.255.36.11 (US East) 
115.114.131.7 (India Mumbai) 
115.114.115.7 (India Hyderabad) 
213.19.144.110 (Amsterdam Netherlands) 
213.244.140.110 (Germany) 
103.122.166.55 (Australia Sydney) 
103.122.167.55 (Australia Melbourne) 
149.137.40.110 (Singapore) 
64.211.144.160 (Brazil) 
69.174.57.160 (Canada Toronto) 
65.39.152.160 (Canada Vancouver) 
207.226.132.110 (Japan Tokyo) 
149.137.24.110 (Japan Osaka) 
Meeting ID: 940 3798 0755 
Passcode: 110301 
 


