Real-Time Ehrenfest-TDDFT as a Thomas

Tool to Understand Light-Harvesting Trepl  §0
e g S

T. Trepl, I. Schelter, and S. Kimmel
Department of Physics, University of Bayreuth, Germany

Methodology Aim Excitation-Energy Transfer
We use Ehrenfest-TDDFT to describe Quantify natural light-harvesting (LH) What is excitation-energy transfer?
the coupled dynamics of electrons processes in purple bacteria with TDDFT. * Transfer of energy without charge transport
and nucl.el.ln real time on a real- Why? Remarkable quantum efficiency of » Conceptual idea: Density oscillation
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EET from Donor to Acceptor

Electrons and nuclei are propagated
simultaneously.

How to quantify excitation-energy transfer?
Software: BTDFT |1/

Challenge with TDDFT
Time-dependent electron density

Bacteriochlorophylls is the only reliable observable
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Supermolecular

excited system
“Light-harvesting B850 Ring”

System size:
1,746 Atoms

4,896 Electrons (valence)

TDDFT Simulation:
14 M Grid points
1 day to propagate 15fs

Analyzmg Excitation-Energy Transfer
Based on the Time-Dependent Density
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B850 Ring

Investigations for EET through

ring so far were based on

exciton models

— Simulate fully coupled EET
after Laser excitation with 1
Ehrenfest at room temperature” '

Further Methods
Pseudopotentials
» propagate only valence electrons
using pseudopotentials
e Tafipolski-Schmid filtering [5]
— grid spacing Az = 0.3 bohr

Concept
Measure local excitation energy
via density-derived quantities:

* Induced dipole moment d(t)

v Molecule
[ subspace

E ~ d? = / (n(t) — n(0))27>d*r .

average

Protein environment . Time-derivative of the density n(t)
* approximated as static electric field — " g / A)d3r = / 22437
» stabilizes Bacteriochlorophylls i ety  { v, V;
* enables LDA as valid xc functional.
fixes artificial CT excitation in spectrum [6]

Energy measures agree analytically with
excited state populations in an occupation-
number model for the limiting case of 2 weakly

Oscillator strength

Progress so far

Thermalization CREA ,;ﬁe'r;y(eé) W w coupled 2-level donor acceptor molecules.
Experimental crystal structure — calculate electronic ground state — couple nuclei to Trial setup: EET through Sodium dimer chain
Nosé-Hoover thermostat (T=298K) — propagate until thermalization (~250fs) e Laser excitation of dimer 1

e Ehrenfest-TDDFT induces vibration of dimers

Excitation Frequencies » Matching bondlengths enable EET

Calculate spectrum of B850 ring to get excitation frequencies: s T Dimer1  Dimer2  Dimer 3

* take snapshot of nuclear positions { S nital | [ Y MR o ?
from thermalization R o B L NP ° 5

» calculate electronic ground state induced density Q"s '

» boost excitation (p;(0) — exp(ik - 7); (0)) '

* Fourier transform dipole moment

and evaluate according to ref. |1}

o, Ty
. #oo
-
e 3
Ao
Bondlength

@ator strength

1.2 1.4 1.6 1.8 2 4R g
Energy (eV) e

Next steps &
* Excite thermalized B850 ring with laser and simulate coupled dynamics
* Track excitation energy with introduced energy measures
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