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A Chemist’s view of band-gap structure
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Electronic band structure and density-of-states (DOS) TlC!‘
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Electronic band structure and density-of-states (DOS) TiO2.

|

L\;\”Wﬁ j! ﬁ..lff\.r\ Total DOS

R, —"

L Tidd,, 3d, |
[y » _ J &

x|
ad Ti3d,

[V L..‘ T 3(’” ¢ id | ev
>

M e il 0 <P-
" Q 2p,

4 0 4 8 12
Energy (eV)
Molecular orbital energy-level diagram of anatase TiO, (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.).

P,

. P (u.h) O _21?_

"

s

Density of States (Arb. Units) ©




An Institiuid Teicneolaiochta, Sligeach = ”" ‘

: Reduction
Conduction Band

€cp 0,+eg > 02-

A

*0, + Pollutant > - - H,0 + CO,

Ti02 +hv=> h"‘VB e

Band Gap Eg

Oxidation

h+VB H,0 + h*,3 > °OH +H*

Valance Band

*OH + Pollutant - - - H,0 + CO,

Swagata Banerjee, Dionysios, D. Dionysioub, Suresh C. Pillai Applied Catalysis B:
Environmental 176 (2015) 396-428



Various steps involved in o s
TiO, photocatalysis !Iallgo
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Visible light excitation of N-F co-doped TiO, and
refilling of empty N states
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Density of states of black TiO, and white
TiO, nanocrystals
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Nanostructured Ti,,S,0, N, Heterojunctions for Efficient Visible-
Light-Induced Photocata(ysw
Vinodkumar Etacheri,”* Michael K. Sleer},i,i Steven J. Hinder,® and Suresh C. Pillai*"

"Centre for Research in Engineering Surface Technology (CREST), FOCAS Institute, and *School of Chemical and Pharmaceutical
Sciences, Dublin Institute of Technology, Kevin Street, Dublin 8, Ireland

"The Surface Analysis Laboratory, Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, Surrey, GU2 7XH,
United Kingdom

© Supp orting Information

ABSTRACT: Highly visible-light-active S§,N-codoped anatase—rutile heterojunc-
tions are reported for the first time. The formation of heterojunctions at a relatively
low temperature and visible-light activity are achieved through thiourea
modification of the peroxo—titania complex. FT-IR spectroscopic studies indicated
the formation of a Ti*' —thiourea complex upon reaction between peroxo—titania
complex and thiourea. Decomposition of the Ti* —thiourea complex and formation
of visible-light-active §,N-codoped TiO, heterojunctions are confirmed using X-ray Vis light
diffraction, Raman spectroscopy, transmission electron microscopy, and UV/vis
spectroscopic studies. Existence of sulfur as sulfate ions (S®) and nitrogen as lattice
(N=Ti—N) and interstitial (Ti—=N—0Q) species in heterojunctions are identified
using X-ray photoelectron spectroscopy (XPS) and FT-IR spectroscopic
techniques. UV—vis and valence band XPS studies of these SN-codoped

Mn:lgaplevel SN B, W Mldgaplavel
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Anatase-Brookite Heterojunctions

Vis light

X

C-2p Mid-gap levse | -2p M|d-gap lev
VB VE
Anatase Brookite

V. Etacheri, M. K. Seery, S. J. Hinder, and S. C. Pillai*, ACS Appl. Mater. Interfaces, 2013
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Why N- doped Rutile doesn’t show any visibIé"'"ﬁ‘@ﬁT““ﬁ"&f‘i”iaiig
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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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FUNCTIONAL h\ﬁl

MATERIALS M‘* \,iﬂ}
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Oxygen Rich Titania: A Dopant Free, High Temperature
Stable, and Visible-Light Active Anatase Photocatalyst

Vinodkumar Etacheri, Michael K. Seery, Steven |. Hinder, and Suresh C. Pillai*

dioxide in comparison to other semicon-

The simultaneous existence of visible light photocatalytic activity and high ductor nanoparticles arise from the high
temperature anatase phase stability up to 900 °C in undoped TiO; is reported redox potential, chemical stability, inex-
for the first time. These properties are achieved by the in-situ generation pensiveness, and non-toxicity. Among the

three polymorphs of titania, anatase phase
is reported as the most photocatalytically
active because of its higher charge-carrier

of oxygen through the thermal decomposition of peroxo-titania complex
(formed by the precursor modification with H,0,). Titania containing the

highest amount of oxygen (16 H,0,-TiO,) retains 100% anatase phase even mobility and an increased density of sur-
at 900 °C, where as the control sample exists as 100% rutile at this tem- face hydroxyls.'>'l On the other hand,
perature. The same composition exhibits a six-fold and two-fold increase rutile phase is found to be less active and
in visible light photocatalytic activities in comparison to the control sample photocatalytic activity of brookite phase

is seldom investigated.'] Photocatalytic

and the standard Phutmwyﬂ Deguss.:a P'I_S respectively. Among the vaﬁm:'s activity of titania depends on various fac-
parameters affecting the photocatalytic action, such as band gap narrowing, tors such as phase purity, surface area,



Band-gap narrowing by introducing
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V. Etacheri, M. K. Seery, S. J. Hinder, S. C. Pillai, Adv. Funct. Mater. 2011, 21, 3744-3752
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V. Etacheri, M. K. Seery, S. J. Hinder, and S. C. Pillai*, ACS Appl. Mater. Interfaces, 2013
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New Insights into the Mechanism of Visible Light Photocatalysis
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ABSTRACT: In recent years, the area of developing visible-light- _ — faduetior
active photocatalysts based on titanium dioxide has been - .gu.:_‘-tu:w@ﬂ.arnj b
enormously investigated due to its wide range of applications in . 1
energy and environment related fields. Various strategies have
been designed to Eﬂicienﬂ}' utilize the solar radiation and to
enhance the efficiency of photocatalytic processes. Building on -
the fundamental strategies to improve the visible light activity of
TiO;-based photocatalysts, this Pempective aims to give an
insight into many contemporary developments in the field of

visible-light-active photocatalysis. Various examples of advanced H,0/ OH
TiO, composites have been discussed in relation to their visible W‘- *OH
Chirdatinn

light induced photoconversion efficiency, dynamics of electron—
hole separation, and decomposition of orranic and inorganic
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« Applications of visiblelight active photocatalysts:

Hygiene coatings
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temperature anatase stability -

Fluorine

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

Nitrogen %
J. Phys. Chem. C, 111(4), 2007, 1605-1611.;

Sulphur
J. Phys. Chem. C, 112 (20), 2008, 44—7652.
Nitrogen and Sulphur (co-doping) TiO,

coated

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

Inorganic Chemistry, 2012.

Nitrogen doped heterojunctions

Chem. Mater., 22, 2010, 3843-3853
Oxygen

Adv. Funct. Mater. 21, 2011, 3744-3752
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Improved High-Temperature Stability and Sun-Light-
Driven Photocatalytic Activity of Sulfur-Doped
Anatase TiO,

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



Experiment
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Ti(OPr), + H,SO, + H,0—

TiOSO, + 4(CH,—CH(OH)—CH,)
2Ti0SO,—2Ti, .S,0,+ (2—xS0, + 0,

|t 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
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Intensity (Arb. units)

Effect of S- doping lyallgo
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XRD of the samples calcined at 600 °C; (a) ¢
S-doped TiO2
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Figure 2. XRD patterns of TiO2 calcined at 900 °C: a) control TiC
b) 2H,0,-TiO,. (c) 4H,0,-TiO, (d) 8H,0,-TiO2 (e) 16H,0,-TiO; (A

anatase: R = rutile)

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



