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Understanding vision

First-principles contribution to understanding the vision process.
Photoisomerization processes in retinal and other bio-photoreceptors
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Experimental Observations (P
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Developing first-principle methods for e-ion dynamicsgp

Time-dependent density functional theory (TDDFT) Gross 1984’
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Coupled electron-ion dynamics
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Beyond Born-Oppenheimer
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Local bases: numeric atomic orbitals

Paralleling over Kohn-Sham orbitals




Computational efficiency

Pseudopotential + Numerical
atomic orbitals
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| at the Interface Between
Chemistry and Physics

Optical properties of clusters and molecules from real-time
time-dependent density functional theory using a self-
consistent field

J. Ren, E. Kaxiras, S. Meng,
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Photodynamics in a molecule

e-proton concerted dynamics

96.76 fs

Clouds = e density in excited state




Natural and artificial photosynthesis




Real fime TDDFT for eleciron-ion quantum dynamics

OUTLINE

. Background: building computational tools for excited state
dynamics

Il. Photovoltaic applications
- "virtual solar cells”
- interface control in perovskite solar cells
- electron-hole dynamics in 2D materials heterojunction

l1l. Photosplitting dynamics

- orbital dependent gquantum interaction of water
- photolysis dynamics of H,



“Virtual solar cell”
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® organic molecule | quantum dot | perovskite
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Hagfeldt et al., Chem. Rev. (2010).

Coumarin dyes
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Can we predict DSC efficiency from first-principles?
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Interface electron dynamics plays a key role (P
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PANDORA: Predictive algorithms for nano

device operation rate assessment
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¢
Evaluation of Light Harvest Efficiency (LHE) 4‘7
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(2) Electron Injection Efficiency
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Binding geometry precisely determined M
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Raman Intensity(a.u.)
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Electron Injection Dynamics




Electron Injection Dynamics

t= 58fs
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Structure—Property Relations in All-Organic Dye-Sensitized
Solar Cells

Yang Jiao, Fan Zhang, Michael Grdtzel, and Sheng Meng*
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Different anchors
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Solvent effect

(fs)

t




Charge (e)
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(3) Electron-hole recombination (back-transfer)
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Charge (e)
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Estimating the V¢ !
K T ,8 qR,J<c
VOC
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Solar cell efficiency from first principles
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#2Tuning interface geometry: Experimental confirmation(!?
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2. Interface Control for Perovskite Solar Cell

Spiro=OMejlAD),

Y:TiO,
ITO/PEI

Problems:
1.Pb
2. Unstability

4.0 eV

3. Hysteresis

ITO/PE Y:TiO,  Perovskite Spiro-OMeTAD  Au

Perovskite solar cell n=20.1%
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Band Structure 4‘?

MAPDI,
MA=methyl-ammonium



Perovskite/TiO, Interface




Electronic Structure of VO 4)
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Molecular Dynamics Simulation at 350 K
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Real fime TDDFT for eleciron-ion quantum dynamics

OUTLINE

. Background: building computational tools for excited state
dynamics

Il. Photovoltaic applications
- "virtual solar cells”
- interface control in perovskite solar cells
- electron-hole dynamics in 2D materials heterojunction

l1l. Photosplitting dynamics

- orbital dependent gquantum interaction of water
- photolysis dynamics of H,
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