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Semiconductor Photocatalysis

Main processes in photocatalyticreaction 
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Solar Cell

Dye-sensitized solar cellPhotoelectrochemicalcell
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ÅSolar   absorption   Á

ÅCharge   separation ́ S

ÅEnergy  conversion    ́C



Fundamental scientific issues

ÅElements

ÅCrystalline structure (symmetry), Defects, 
Surface state 

ÅInternal Stress, Internal electric fields

ÅElectronic Structure 

ÅProperties



sp hybridization
Anisotropy orbital
Dispersive band  

Metal: Na K Mg Ca SrBa In Sn Sb Bi  Cu Zn Ag
Nonmetal: O S X (X=F, Cl, Br, I) B C N P

Nothing is Impossible
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Orbital overlapping

Atomic energy level

The influence on the movement of the Atomic energy level

The overlap integral of the atom with its nearest neighbors
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Band width is proportional to the degree of the orbital overlap 

Larger overlap, wider Band, more dispersive band 
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Energy level and energy band
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IndLubrTribol, 2002, 54, 153

Mini-Rev Org Chem, 2009, 6, 241

Interesting    Bismuth Compounds

Å Bismuth is a kind of green heavy metal element

Å Solidification: volume expansion like water (3 %)

Å Melting point 271 oC, boiling point 1560 oC

Å the de Haas-van Alphen (dHvA) effect

Å Bi3+ with 5d106s26p0 electronic configuration results in lone pairs of electron

Å The strong internal static electric field between perpendicular to the [Xm] layer 

and the [Bi2O2] layer is advantages to the photoinducedelectronīhole pairs
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Novel Photocatlyst BiOX(X=Cl, Br, I)

Typical layer crystal structure 

Huang FQ, Wang WD, Appl. Catal. B 68 
(2006) 125ς129 BiOCl

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

Wang C, Wang TM, Rare Metals27, 243-
250 (2008)
June 18th,  2007. BiOX(X=Cl, Br,I)

Thephotocatalyticactivity BiOXwasdiscoveredby chance
In order to get CaBi2O4, we use HCl instead of HNO3 reported in
reference andthen we get a novel visiblelight photocatalyst-BiOCl.



Oxygen Evolution vs. Irradiation Time
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Photodegradationof isopropanol (IPA)
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BiOCl Bi3O4Cl Bi24O31X10(X=Cl,Br)Bi12O15Cl6

Bi

O

Cl



BiOCl

Bi24O31Cl10

Bi24O31Br10



EcҐҍ̝лΦрEg+E0

Xu, Y. ; Schoonen, M. A.A. Am. Mineral.2000,85, 543-556.

Eg is band gap, E0 is scale factor relating the
referenceelectrode redox level to the absolute
vacuumscale(E0Ґҍ4.5 eV for normal hydrogen
electrode),and i̝s absoluteelectronegativityof
semiconductor

Bi24O31Br10

Bi2.4O3.1Br1
Ec=0.30 eV

BiOBr
Ec=0.56 eV

Empirical formula
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[Brī]

[(Bi2O2)
2+]

CB̔
Bi6p+Br4s

VB̔
O2p+Bi6s







Visible light (NaS/Na2SO3)
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ACS Catal. 2014, 4: 954
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Bi24O31Cl10

Bi24O31Br10
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(FF) (Jsc/mA cm-2) (Voc/V) όʹύ

Bi24O31Cl10

Bi24O31Br10

75.05 %

50.90%

3.98

1.72

0.61

0.48

1.50 %

0.4 %

Scientific Reports 2014,4:7384
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J. Mater. Chem. A 2016, 4: 10992
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BiOX(X=Cl, Br, I) Rare Metals2008, 27Е243 165 ⅎ ֥

Bi24O31Br 10 ACS Catal. 2014, 4: 954 80
ⅎ ֥

Cr 6+

Bi24O31Cl10 Scientific Reports 2014, 4: 7384 24

Ag10Si4O13 J. Mater. Chem. A 2016, 4: 10992 5

BiSiO
Dalton Transactions2017

DOI: 10.1039/C7DT03193A
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CH3NH3PbI3

2013 Years Material

The cumulative world PV installations reached 
around 100 GWp(gigawatts) by the end of 
2012. Some 85% use crystalline Si, with the 
rest being polycrystalline thin film cells, mostly 
cadmium telluride/cadmium sulfide ones.

Nature, 2013,501,323; Nature, 2013,342,344; 
Nature,2013, 501,396; Nature, 2013, 499, 316

Perovskite as absorber

Ethylammonium



J. Phys. Chem. C 2013, 117, 13909

What is next one ?

Layer structure bismuth materials?? 



Metal: Na K Mg Ca SrBa In Sn Sb Bi  Cu Zn Ag
Nonmetal: O S X (X=F, Cl, Br, I) B C N P

Nothing is Impossible ˻ ˻˻
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