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Electronic band structure and density-of-states (DOS) TiO2. 

Adapted from  Hoffmann, R.: Solids and Surfaces – A Chemist’s View of Bonding in 

Extended Structures. 

Wiley-VCH, Weinheim (1988) 

The black parts of 

the DOS indicate 

completely filled 

bands.  



Molecular orbital energy-level diagram of anatase TiO2 (adapted from 

Asahi et al. ). (b) Calculated total density of states (top) and projected 

density of states for Ti 3d and O 2p orbitals (below), as labelled (adapted 

from Jiang et al. ). 

Electronic band structure and density-of-states (DOS) TiO2. 



What is photocatalysis? 

 

Swagata Banerjee, Dionysios, D. Dionysioub, Suresh C. Pillai Applied Catalysis B: 

Environmental 176 (2015) 396–428 



Various steps involved in  

TiO2 photocatalysis 

 J. Schneider, M. Matsuoka, M. Takeuchi, J. Zhang, Y. Horiuchi, M. Anpo, D.W.  

     Bahnemann, Chem. Rev., 114 (2014) 9919. 



Visible light activity  

 Irradiation with UV light is not practical in 

hospitals. Visible or room light irradiation is 

ideal 

Conventional TiO2 

 

Band gap 3.2 eV 

Visible light active TiO2 

E=hc/λ 

λ=hc/E 

λ=1240/3.2=387.5nm 



XPS Analysis of N,S doped photocatalyst 

V. Etacheri, M. K. Seery, S. J. Hinder  

and S. C. Pillai*, 

 Inorganic Chemistry, 2012, 51, 7164−7173 

lattice nitrogen (N−Ti−N at 396 eV) 

 

 interstitial (Ti−N−O at 402 eV)  

 

404.5 and 406.5 represent 

 

surface-adsorbed nitrogen species such as  

NOX and NHX 

S 2p peak at 169.95 eV - S6+ cation. 

  
FTIR 1140 cm−1- bidentate sulfate ions 

 

No Ti−S bonds (162−163 eV) 
 

Ionic radius of S 2- (1.7 Å) compared to that of O2- (1.22 Å). 
 



Visible light excitation of N-F co-doped TiO2 and  

refilling of empty N states 

Hamilton et al. J. Phys. Chem. C, Vol 118, 2014 pp 12206–12215 



Production of different ROS during the visible  

light active photocatalytic processes  



Density of states of black TiO2 and white 

TiO2 nanocrystals 

Reprinted from Science, Vol. 331, pp. 746-750, Copyright (2011). Reprinted from 

Nano Lett, Vol. 11, Wang et al., pp. 3026-3033, Copyright (2011).  



Inorganic Chemistry, 2012, 51, 7164−7173 



Anatase-Brookite Heterojunctions  

V. Etacheri, M. K. Seery, S. J. Hinder, and S. C. Pillai*, ACS Appl. Mater. Interfaces, 2013 



Why N- doped Rutile doesn’t show any visible light activity?  

N.T. Nolan D. W. Synnott, M. K. Seery, S. J. Hinder, A. V. Wassenhovend, S. C. Pillai* Journal of Hazardous 

Materials , 2012, 211– 212, 88– 94  
 
 





Band-gap narrowing by introducing  

oxygen excess defects 

V. Etacheri, M. K. Seery, S. J. Hinder, S. C. Pillai, Adv. Funct. Mater. 2011, 21, 3744–3752  



Is the band gap narrowing happening in all 

cases?    

V. Etacheri, M. K. Seery, S. J. Hinder and S. C. Pillai*, Inorganic Chemistry, 2012, 51, 7164−7173 

Isolated impurity states in the band gap 



Isolated impurity state 

in interstitial nitrogen doped TiO2  

  

N.T. Nolan D. W. Synnott, M. K. Seery, S. J. Hinder, A. V. Wassenhovend, S. C. Pillai* Journal of Hazardous Materials 2012, 211– 212, 

88– 94  
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Isolated impurity states in the band gap 

 

V. Etacheri, M. K. Seery, S. J. Hinder, and S. C. Pillai*, ACS Appl. Mater. Interfaces, 2013 



 Localized impurity energy states  

 substitutionally doped TiO2 



 



 

• Applications of visible light active photocatalysts: 

 

  Hygiene coatings 



Simultaneous production of visible light activity and high 
temperature anatase stability  

Fluorine    

Chem. Mater., 19 (18), 2007, 4474-4481.  

Nitrogen   
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Nitrogen and Sulphur  (co-doping) 

J. Phys. Chem. C, 113,(8),   2009,   3246-3253;  

Inorganic Chemistry, 2012.  

Nitrogen doped heterojunctions   
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Oxygen 
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Improved High-Temperature Stability and Sun-Light-

Driven Photocatalytic Activity of Sulfur-Doped 

Anatase TiO2 

 

 Periyat et al, J. Phys. Chem. C, 112 (20), 2008, 44–7652. 

 



Experiment 

 

• It was then dried at 350 °C for 6 h.  

• The dried powder was calcined at various 

temperatures (600, 700, 800, 850, and 900 °C) at a 

heating rate of 5 °C per minute and held at these 

temperatures for 2 h 



Effect of S- doping- XRD 



800 C 



Effect of S- doping 



XRD of the samples calcined at 600 °C; (a) control, (b) 
S-doped TiO2 



How a delayed phase transition happened? 



100% Anatase at 900 C 

V. Etacheri, M. K. Seery, S. J. Hinder, S. C. Pillai, Adv. Funct. Mater. 2011, 21, 3744–3752  


