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Semiconductor Photocatalysis
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Fundamental scientific issues

e Elements

* Crystalline structure ( symmetry), Defects,
Surface state

* Internal Stress, Internal electric fields

. Structure
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Orbital overlapping

HY(x) = E¥(x)

En(R) _ E: +An _l_dnzeiR-Fnear

rnear

E2 Atomic energy level
A The influence on the movement of the Atomic energy level

J_ The overlap integral of the atom with its nearest neighbors

Band width is proportional to the degree of the orbital overlap

Larger overlap, wider Band, more dispersive band
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Interesting Bismuth Compounds

B
« Bismuth is a kind of green heavy metal element

 Solidification: volume expansion like water (3 %)

« Melting point 271 °C, boiling point 1560 °C

 the de Haas-van Alphen (dHVA) effect

« Bi®*with 5d196s26p° electronic configuration results in lone pairs of electron

« The strong internal static electric field between perpendicular to the [Xm] layer
and the [Bi,0,] layer is advantages to the photoinduced electron—hole pairs

Ind Lubr Tribol, 2002, 54, 153
Mini-Rev Org Chem, 20089, 6, 241



Novel Photocatlyst: BiOX(X=Cl, Br, I)

Huang FQ, Wang WD, Appl. Catal. B 68
(2006) 125-129 BiOCI

Zhang LZ,). Phys. Chem. C 112, 747-753
(2008). BiOCI

Wang C, Wang TM, Rare Metals 27, 243-
250 (2008)
June 18th, 2007. BiOX(X=Cl, Br,l)

Typical layer crystal structure

The photocatalytic activity BiOX was discovered by chance
In order to get CaBi,0,, we use HCI instead of HNO; reported in
reference, and then we get a novel visible light photocatalyst-BiOCI.

13



Oxygen Evolution vs. Irradiation Time
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E vs. NHE (PH=0)
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Bi24031Brq

(Stronger reduction activity)

BiOBr Bi,,03,Br,,
Bi, ,05 ,Br,
E.=0.30 eV

Potential

BiOBr
E.=0.56 eV

Empirical formula
E.=x-0.5 E +E,

E, is band gap, E, is scale factor relating the
reference electrode redox level to the absolute
vacuum scale (E,=—4.5 eV for normal hydrogen
electrode), and X is absolute electronegativity of
semiconductor

Xu, Y. : Schoonen, M. A.A. Am. Mineral.2000,85, 543-556.
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Perovskite as absorber

2013 Years Material

Cathode o B

p-type hole transporter

Perovskite absorber

CH;NH,PblI,
n-type compact layer
FTO (anode)
Glass Ethylammonium
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ic Table of the Elements
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Outline

* Introduction: sp hybridization

Four stories
Symmetry

¢ Bi240%1Br10/ Bi;403,Clyg
* Ag1051,0,3

Symmetry Breaking
e Vacancy Engineering — Blank TiO,
e Strain engineering — BiOBr
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The water
comes from
residual water
molecularin
the HUV
chamber.

The V, on the
surface of r-

~ TiO, can only
survive for
several hours
in HUV.
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