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TiO2 as a photocatalyst

Light

Reduction: O2 + e-
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Polarons in TiO2
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Previous work

Experimental evidence for 
polarons

EPR studies



Previous work

DFT+U work shows electron localisation but positive energy distribution 



Previous work

HSE06 predicts electron trapping 

Shallow donor 
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Methodology
▪ Density functional theory in CP2K

▪ Hybrid functional PBE-tr

▪ HF exchange is determined by Koopmans Theorem

– 10.5% exact exchange obeys linearity by < 0.05

▪ Large TiO2 bulk and surfaces, ranging from 400-700 atoms

▪ K-point sampling is at the Gamma point (1x1x1)

▪ Auxiliary density matrix method (ADMM)

– Basis set cut off is 60Ry (810 eV)

– Fine grid level density cut off is 600 Ry (8000 eV)



TiO2 bulk and surfaces

TiO2 Anatase Unit cell

Generate low and high index surfaces of anatase 

Ti cations

O anions



Anatase Surfaces

All surfaces contain 
around 500-700 atoms
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Anatase Nanoparticle

▪ A Wulff construction using the calculated surface energies
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Anatase Surfaces

Examined the surface and bulk partial decomposed electron density of states 
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Electron Trapping: Anatase
▪ Similar to bulk anatase TiO2, there is no trapping of electrons at the surface 
facets 

– A delocalised solution is preferred on all low index surfaces 

Formation of Ti(4-γ)+
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Stepped surface: 103 facet

4 coordinated Ti
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Hole Trapping

• Hole trapping energies calculated by the bulk like atom 
in the slab center

• Energies around slab center are similar 
• (001), (001)-recon, (100), (105) and (107) prefer surface 

sites
• (101), (110) prefer sub-surface sites 
• Hole trapping on (112) and (103) surfaces unlikely occur 



Hole Trapping

Surface hole traps 

(001) Surfaces have 
deep hole traps around 
2 eV

(100) Has shallower trap
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Hole Trapping

Sub Surface hole traps 

(112) Surface has a deep hole trap 
around 2.8 eV

(110) And (101) Have shallower 
traps
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Hole Trapping

Sub Surface hole traps 

All around 2eV

(103)
(105)

(107)



Conclusions 
▪ There is no electron trapping in low index surfaces

– Point and structural defects trapping electrons??

▪ Structural defects play a role in electron self trapping

– Low lying Ti 3d states are accessible by low coordinated Ti cations

▪ Holes trap in all surfaces of anatase TiO2

– Different facets have various hole trapping locations
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