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Chemical and electrochemical surface processes attract a growing attention due to their

possible practical applications. In particular, semiconducting materials and their modifications

are used as catalysts and photocatalysts, (photo)electrodes, (bio)sensors etc. One of the crucial

features  of  an  appropriate  semiconductor  suitable  for  a  given  purpose  is  the  position  of

valence and conduction band edges at the energy (or potential) scale. For instance, the redox

properties of photogenerated holes and electrons determine the activity of a photocatalyst.

Redox  properties  of  photoexcited  surface  complex  may  determine  the  mechanism  and

direction  of  interfacial  electron  transfer  processes.  Determination  of  redox  potentials  of

semiconducting materials helps to select  a proper material  for given application and often

allows  elucidation  of  mechanistic  details  of  interfacial  charge transfer  taking place at  the

solid-solid and solid-liquid interface.
Although  the  energy  bandgap  can  be  relatively  easily  estimated  from  reflectance

spectra of semiconductors, the measurement of band edge potentials is more difficult. One of

the  methods  is  based on capacity measurements.  From the  Mott-Schottky plot  (the  space

charge  capacity  vs.  electrode  potential)  it  is  possible  to  determine  the  so  called  flatband

potential.  The  capacitance  method  is  useful  for  semiconductor  electrodes  but  not  for

suspensions. A number of other methods based on spectroscopic determinations,1 modulation

spectroscopy,2 photocurrent,3 and photovoltage4,5 measurements have also been developed. In

this  presentation  selected  methods  will  be  presented.  Simple  photoelectrochemical  and

spectroelectrochemical  methods  suitable  for  flatband  potential  measurements  for

semiconducting powders5 and transparent films6 will be discussed in detail.
Obtained data allow for a detailed characterization of visible light active photocatalysts

(TiO2 modified  with  platinum(IV) chloride  complexes  and chromium(VI) anions),  mixed-

oxide photocatalysts (containing titanium and iron oxides),  TiO2-based photocatalysts with

exchanged surface –OH groups,  and semiconducting materials  modified with  cyanoferrate

complexes working as chemical switches (Fig. 1). 
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Figure  1.  Energy diagrams of  TiO2 (P25) and CdS  materials  modified with  cyanoferrate

complexes. (FeII = [Fe(CN)6]4–, PB = Prussian blue)

In most of discussed cases tuning of the redox properties is possible by changing the

surface complex concentration, pH and other factors.
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