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THE USAGE OF FOSSIL FUELS



A ROADMAP OF RENEWABLE ENERGY INDUSTRY: 

COMPATIBLE WITH FOSSIL FUELS

Seh Z W, Kibsgaard J, Dickens C F, et al. Science, 2017, 355(6321): eaad4998.



ARTIFICIAL PHOTOSYNTHESIS

https://www.globalengineering.info/artificial-photosynthesis/



THEORETICAL ANALYSIS

Energy loss:

Carrier recombination

https://doi.org/10.1016/j.cej.2021.131579, https://doi.org/10.1515/nanoph-2020-0484

hv

Energy loss:

Overpotential, selectivity

Theoretical

Materials



THEORETICAL ANALYSIS

Carrier recombination Catalytic reaction

https://doi.org/10.1021/acs.accounts.1c00525, Wikipedia, https://doi.org/10.1016/j.jcat.2014.12.033

Non-adiabatic molecular dynamics Thermodynamics models
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https://www.vasp.at/wiki/images/5/5d/VASP_lecture_Basics.pdf

SCHRÖ DINGER EQUATION

Erwin Schrödinger

Nobel Prize in Physics

(1933)



DENSITY FUNCTIONAL THEORY

https://www.vasp.at/wiki/images/5/5d/VASP_lecture_Basics.pdf

Walter Kohn

Nobel Prize in Chemistry 

(1998)



Structure prediction (total energy)

Band structure (energy level)

Cu2Se

Molecular dynamics (force)

[Al(H2O)6]
3+ + NH3 → [Al(H2O)5(OH)]2+ + NH4

+

WHAT CAN DFT DO?



DFT + thermal corrections => free energy for reaction

DFT + nonadiabatic molecular dynamics => carrier recombination 

ADVANCED APPLICATIONS OF DFT



QUANTUM MECHANICS CALCULATIONS

Schrödingerequation

H Ψ = E Ψ

DFT

E(r) → E[ρ(r)]

High-performance computer

Multicore parallel

Machine learning

Chem. Sci., 2017,8, 3192-3203
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DFT + EXPERIMENTS: 

PHOTOCATALYSIS WITH MG-DOPED ZNO 



Near band-edge emission

PHOTOLUMINESCENCE SPECTRA



ELECTRONIC STRUCTURE



DFT + EXPERIMENTS: 

PHOTOCATALYSIS WITH MN-DOPED ZNO 



OXYGEN VACANCIES IN ZNO

PL



ELECTRONIC STRUCTURE



DFT + EXPERIMENTS: 

CO2 REDUCTION ON CU-DOPED ZNO 



DFT + EXPERIMENTS: CU DOPING



DFT + EXPERIMENTS: CU AND OXYGEN VACANCY

XPS

EPR



DFT + EXPERIMENTS: CU AND OXYGEN VACANCY



DFT + EXPERIMENTS: CO2RR PERFORMANCE

Activity Vacancy concentration
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THEORETICAL WORK ON PEROVSKITES: 

CS2AGBIBR6



AG-BI INTERACTION



CARRIER RECOMBINATION DYNAMICS



THEORETICAL WORK ON PEROVSKITES: 

CSPBBR3 GRAIN BOUNDARY



PEROVSKITE GRAIN BOUNDARY

ACS Appl. Mater. Interfaces 2019, 11, 3, 3044–3052, https://doi.org/10.1016/j.solener.2021.06.001



ML FORCE FIELDS

Phys. Chem. Chem. Phys., 2023,25, 983-993, Chem. Rev. 2021, 121, 16, 10142–10186



GB SLIDING



IMPACT OF SLIDING AND DISTORTION



IMPACT OF SLIDING AND DISTORTION



STRAIN SUPPRESSES DISTORTION



STRAIN SUPPRESS DISTORTION



Any 

Questions?
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