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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
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Light-driven superconductor @RT
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Schmitt et al. Science 321, 1649 (2008) Cauvelleri et al. PRB 89, 184516(2014);Nature (2014)






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,
Mol. Phys. 108, 1829 (2010).




Photodynamics in a molecule

e-proton concerted dynamics

96.76 fs

Energy (eV)

Clouds = e density in excited state






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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Electroiyte Cathode

(TCO Glass + Dyed Titania Fartizles) {TCO Glass + Camiyet Laser)

® organic molecule | quantum dot | perovskite

O’ Regan & Gratzel, Nature (1991).
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From http://www.solaronix.com



@ Molecular Dyes

Metal-based: )/

Ru, Pt, Os, Cu, Fe, ..
Porphyrin A
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All-organic:
Coumarin

Indoline
Triarylamine .
Perylene hN
Squarine h

>1000 species

Hagfeldt et al., Chem. Rev. (2010).
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State of the Art
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Can we predict DSC efficiency from first-principles?
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Interface electron dynamics plays a key role

E(V)
| VeSCEL TG, Dye Redox Pt
1. Absorption electrolyte
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3. Collection:
/Recombination

Injection: (1), 10%°s~10"?s Difficulties in experiment:
Relaxation: (5)102s ~ 107?s 1. Complexity

Collection- TCO: 10%s ~103s -

Recombination: (3),(4), 101>~103s 2. Precision

Reduction: (2),10° s

Ma, Zhang, Meng, Chin. Phys. B 23, 086801 (2014).



PANDORA: Predictive algorithms for nano
device operation rate assessment
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Ma, Jiao & Meng, J. Phys. Chem. C, invited article (2014).



(1) Sunlight harvest . photoabsorption
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Gali, Kaxiras, Zimanyi, Meng, PRB 84, 035325 (2011).
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Model dyes
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Evaluation of Light Harvest Efficiency (LHE) =
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Binding geometry precisely determined
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Quantitative proportion of a configuratiof—
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Zhang, Ma, Jiao, Wang, Shan, Li, Lu, Meng, ACS Appl. Mater. Interface (2014).



Electron Injection Dynamics




Electron Injection Dynamics
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Charge (e)
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Jiao, Zhang, Gratzel, Meng, Adv. Funct. Mater. (2013).

Ma, Jiao & Meng, J. Phys. Chem. C (2014).
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a) Bartelt et al. JPCC (2014).




Hot electron effect

(a) 1.0 ——1—

08 = -

Y )
S _ : ‘ ]
& = 06 :
> - ’ i afd .|
o =L i qo- j
© = o5
- = o -
L U 0.4 T

0.2 - —

—o— H->L+2 -
i | i 1 i | 1
50 100 150 200 250

Time/fs

0.0




Solvent effect
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Experiment: 5 times difference using ultrafast laser photolysis.
Ma, Jiao, Meng, PCCP (2013).
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IPCE
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Estimating the V¢
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Jiao, Ma, Meng , Chem. Phys. Lett
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#2Tuning interface geometry: Experimental confirmationft£

—— L1(NaOH,pH=8. 9)
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F. Zhang et al., JPCC (2013).
F. Zhang et al., ACS Appl. Mater. Inter (2014).
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Problems:
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2. Unstability
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Perovskite solar cell =20.1%



Anomalous hysteresis
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Band Structure
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Perovskite/TiO, Interface




Electronic Structure of VO
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ET Dynamics of VO
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Experiment: Photoluminescence Spectra

Excitation PL 1900 762 nm

TiO,  Perovskite
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Molecular Dynamics Simulation at 350 K
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Injection and Recombination Dynamics
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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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