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Generation of electron-hole pairs in

semiconductor particles

Excitation of electron from VB to CB by

light with energy equal to band gap
Hole and electron can recombine on /

Surface orin volume
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/ A electron from donor can combine
donate electrons to reduce with hole to oxidize donor

an electron acceptor

Linsebigler, Lu & Yates. Chem. Rev. Vol 95, No 3, 735-58 (1995).



Quantum Yield has ideal value of 1 for

the photocatalytic process

e |dealization Quantum Yield or Charge transfer rate
 Recombinationdoes occur Efficiency f
* Concentration of electrons (n,) l
and holes (p,) at the surface is kCT
not equal ¢ X
* Charge carrier traps used to kCT + kR
promote trapping of electrons T
and holes at surface

i Electron-hole
* ForTiO,, n>p . because electron recombination rate

transfer to O, is slow

Linsebigler, Lu & Yates. Chem. Rev. Vol 95, No 3, 735-58 (1995).



Increase in Band Gap for Decreasing

Particle Size

* Quantumsize effects occur for . Cluster Bulk Semiconductor
semiconductor particleson
order of 10-100 A 2

e Arise whensize of particleis E e ‘ o
comparableto de Broglie wave- ;2.&_ \’ € (Cas)=2.6ev
length @ V8

* Confinement produces
guantization of discrete
electronicstates

* Increases effective band gap 3°D§° 1:30 (ZEC; ®
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Linsebigler, Lu & Yates. Chem. Rev. Vol 95, No 3, 735-58 (1995).
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TiO, Anatase shows higher

photocatalytic activity

eg _ 0
Anatase dTi-o=1.9344

* Chains of TiOg octahedra d5f_,=1.9804

e Each Ti**is surrounded by six
O?% ions

* Octahedrondistorted to
lower symmetry than Q a=3.7844
orthorhombic 812 €=9.3154

e Each octahedron in contact 92,4
with eight neighbors

e Lattice structure causes T
differentelectronic band p =3.894g/cm®
structure 6 y AG% =—211.4 kcal/mote

Linsebigler, Lu & Yates. Chem. Rev. Vol 95, No 3, 735-58 (1995).



DOS shows large band gap

Ti 4s, 4p orbitals
A

Ti 3d orbitals

Band Gap=3.3 eV

' O 2p orbitals
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Application: environmental cleanup

0O,

Reduction
Light
0,7 . .
eleéion Degradation of organic
- molecules:
BanLgap * Depollutionofsmoke
| * Kill bacteria

VB P  Decontaminate water

hole

H,0

H*+ OH-

p+ Oxidation



Many different novel commercial

applications

Self cleaning windows

Clothing

Wenxi Guo, et al.Journal of the American Chemical Society.



Research towards a catalyst sensitive

to visible light

Wavelength (nm)
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* TiO, doesnot absorb light
in thevisible region
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Visible light
* GaNandznO %
* Rh-Cr mixed oxide co-catalyst -
 Canabsorbinvisible light Hf\}""" h+G>
e Water splittingto form hydrogen He 3 { "l Rhy,Cr,0;
. f-\ nanoparticle
and water usingsolarenergy o, (~20nm)

H,0
(Ga1-xznx)(N1-xOx)
Maeda & Domen. J. Phys. Chem. C. Vol 111, No 22, 2007. Linsebigler, Lu & Yates. Chem. Rev. Vol 95, No 3, 735-58 (1995).



Questions?




Anatase [TiO,]

Structure Tetragonal

Space Group :/4./am d(No. 141)
0=3.7845 A, ¢=9.5143 A
a=b=g=90.00

/=4

Atomic Positional Parameters
Ti 4a 0.0000 0.0000 0.0000
O 8e 0.0000 0.00000.2081



Potential

Reduction site

(V vs. NHE) ’
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