
Introduction to Photocatalysis

Eric Wei-Guang Diau (刁維光)
Department of Applied Chemistry

Institute of Molecular Science

National Yang-Min Chiao-Tung 

University (NYCU)

Hsinchu, Taiwan



Environmental Pollutions

Air Pollution

Contaminated Soil Soil Pollution



Various sources of water pollution along with different technologies to clean the wastewater. 

Water Pollution

Photocatalysts in Advanced Oxidation Processes for Wastewater Treatment, Wiley, 2020 



J. Mater. Chem. A, 9, 2021, 17143–17172.

Nanocomposites for Visible Light-induced Photocatalysis, Chapter 2, 2017

Photo: Light             

Catalysis: using a catalyst

Catalyst: Decreases activation energy to speed up a reaction

Photocatalysis: Speed up reactions using a light source and a catalyst

What is Photocatalysis?



Balance on Photocatalysis

ACS Nano 13(9), 2019, 9811-9840



Methods and strategies for improved photocatalytic energy conversion and environmental remediation.

ACS Nano 2019, 13, 9811-9840

Photocatalyst System



https://greensarawak.com/zh-hans/things-to-know-before-going-solar/going-solar-chapter-2-know-your-earth/

Solar Radiation Spectrum

AM1.5: Zenith angle ~48.2



Photosynthesis vs 

Photocatalysis



How to Utilize Solar Energy

Photosynthesis

• Green plants convert solar energy into chemically stored 

energy.

• Green plant is the best example.

• Photosynthesis fuels life on earth.

• Two main reactions:

1. Water splitting into oxygen

2. Carbon dioxide into glucose

6CO2 + 6H2O               C6H12O6 + 6O2

Sunlight

leaf

Renew. Sust. Energ. Rev. 2021, 152, 111615

Source: google image



How Does Photosynthesis Take Place ?

tree
leaf chloroplast

molecular machinelight absorber

The photosynthesis process is a two-stage, multi-step process.

Source: google image



Understanding Photosynthesis

Light dependent dark

The photosynthesis 

process is a two-stage, 

multi-step process.

Source: google image



Natural Photosynthesis vs Artificial Photocatalysis

Materials Today Advances 6, 2020, 100071

Adv. Sci. 4, 2017, 1700194



Photocatalysis:

Artificial Photosynthesis
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How a Photocatalyst Works ?

Better charge transfer and lower recombination are good for catalysis reaction.

(ms-ms)

Processes involved in photocatalytic semiconductor particle.

Fundamental Principles for Efficient Photocatalysis Systems
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• First Step: Absorption of photons to generate electron-hole pairs.

→ Ideal band gap is 1.8-2.0 eV

• Second Step: Special separation of photogenerated electrons and holes.

→ Longer carrier lifetime and reduced charge recombination.

• Third Step: Pollutant adsorption (e.g., for CO2 reduction).

→ Larger surface areas with more active sites for CO2 adsorption.

• Fourth Step: Surface redox reaction.

→ Determined by external quantum efficiency (EQE) and

solar-to-fuel conversion efficiency (SFE).

Four Steps of Photocatalysis



Examples:

• Metal oxides (TiO2, ZnO, BiVO4, Fe2O3, CeO2)

• Metal sulfides (CdS, SnS2, MoS2)

• Inorganic perovskite oxides (CaTiO3, SrTiO3, BiWO6 )

• Inorganic perovskite halides (MAPbI3, CsPbI3, Cs2SnI6, Cs3Bi2I9)

• Metal-free 2D materials (g-C3N4, GO/rGO, Mxene, Black phosphorus)

• Metal-organic frameworks (MOFs)

• Covalent-organic frameworks (COFs)

Types of Photocatalysts



Photocatalyst Preparation Methods

Appl. Sci. 9, 2019, 2489 



Applications for 

Photocatalysts



Applications of Photocatalysts

Applications 
of photocatalyst Water 

splitting

Chemical 
synthesis

Organic 
degradation

CO2

reduction

Biomedical
application

Biomass
oxidation

PV 
solar cells 

Photocatalysts have several potential applications.

Source: google image



2H2O + 4h+   O2 + 4H+ (oxidation)

4H+ + 4e ̶  2H2 (reduction)

2H2O   2H2 + O2                                 

(overall water splitting)

Photocatalytic Water Splitting for H2 Evolution

Basic principle of overall water splitting on a photocatalyst.

Pt

cocatalyst

Hole scavenger: 

TEOA, methanol, Na2SO3, Biomass,…

1. Recombination of photogenerated 

electrons and holes

2. The back reactions of the products 

3. Bottleneck of water oxidation

Renew. Sust. Energ. Rev., 152 (2021) 111615J. Phys. Chem. C 2007, 111, 22, 7851-7861



Band Structures of Photocatalysts for 

Water Splitting

Relationship between band structures of semiconductors and redox 

potentials for water splitting.

J. Phys. Chem. C 2007, 111, 7851-7861



Band Structures of Photocatalysts for 

CO2 Reduction

Relationship between band structures of semiconductors and redox 

potentials for CO2 reduction.

Adv. Energy Mater. 2022, 12, 2200389



Halide Perovskites for CO2 Reduction

Adv. Energy Mater. 2020, 10, 1902433
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