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Why light-driven devices?

The Age of Metamaterials

o Tunable optical properties
o Specific light-activated mechanisms




How does light initiate device functions?

Light-harvesting —

photons must first enter the material
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Creating an “exciton”
(electron-hole pair)




How does light initiate device functions?

g .
Excitation energy transfer

photon energy is propagated through the material via the electronic and
nuclear wavefunctions

Energy




Design of photonic devices

o Strong light absorption

o High energy transfer efficiency
Light-harvesting complex Il (LH2)



Design of photonic devices

o Functionality not fully understood

o Fabrication of large complexes

cfL: Light-harvesting complex Il (LH2
extremely difficult & g complex I (LH2)
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Exciton model generation

Exciton Model
Experiment
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Optimize model based on
empirical training data

Linear absorption spectrum of

Rhodobacter sphaeroids at 300K
(E. Harel, et al., PNAS 2012)
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Exciton dynamics

Electronic structure causes
nuclear reorganization

Nuclear motion induces
electronic transitions

Simultaneous propagation of nuclear

and electronic wavefunctions

At each timestep:
* (Calculate excitonic states
. Compute nuclear forces

(1/J1| I¢1)
and non- adlabatlc couplings
(IIJII ® 1Y)
dI]
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* Propagate by dt
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Massively parallel atomistic simulations
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architecture

Shared memdry
hybrid architecture

/” Distributed memory\




Exciton dynamics

Simulation of electronic
excitation and dynamics of
LH2 Bchlas chromophores

Excitation at
Exciton Model t= 0 fS

Experiment
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Exciton dynamics

o Spatial-energetic
correlation

o Arrow of time:
electronic entropy
maximization




Designing photosynthetic devices

Phenylacetylene Dendrimers o
* Branched, hierarchical structure
* (Constructed from identical

subunits Core
Design Objectives:
o Controlled directional transport /

o High quantum yield Branch



Intrinsic energy pathways
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Materials discovery

Device performance prediction:

local kernel models

Structure generation:
Molecular combinatorics

Molecular design space
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