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Types of Photoelectrochemical Devices  



Talk Outline 
 

 

 The Wheel Has Been Around! 

 Historical Evolution of Photoelectrochemistry and Solar Water 

Splitting 

 Photocatalyst Materials 

 Mild Synthesis of Inorganic Semiconductors 

 Value-Added Approaches 



Photovoltaic Effect 
  Becquerel - 1839 

 Solar cell -1954 

 

3G PV Concepts 
 MEG – Auger effect:  Auger, Meitner 1922 

 Avalanche photodiodes 

 

Dye Sensitization 

 Hauffe – 1960s 

 Matsumura – 1970s 

 Tributsch – 1970s  

The Wheel Has Been Around! 
 



Talk Outline 
 

 

 The Wheel Has Been Around! 

 Historical Evolution of Photoelectrochemistry and Solar Water 

Splitting 

 Photocatalyst Materials 

 Mild Synthesis of Inorganic Semiconductors 

 Value-Added Approaches 



Photoelectrochemical Solar Cells:History 

¶ Early Years: 1950s-1975 

 

¶ Boom Period: 1975-1982 

 

¶       Deep Funk: 1982-1989 

 

¶       Déjà Vu All Over Again: 1990-present 

         

_________________  
K. Rajeshwar, J. Phys. Chem. Lett. (Guest Commentary) 2011, 2, 1301-1309. 
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Figure 1.   The results from a literature search using the ISI Web of Knowledge database using 

the keywords: “photoelectrochemistry,” “electrochemistry and solar energy conversion,” 

“semiconductor quantum dots and solar energy conversion,” and “solar water splitting.” The 

insert contains an exponential fit of the literature search results . 



The Photocatalytic Fluid Purification-Process Concept 

Contaminated Air, 

Water, or Surfaces 

(VOCs or 

microorganisms) 

 

Photocatalytic 

System 
 

Clean Air, Water or 

Surface (CO2, H2O, 

and HX) 

Light = l < 385 nm 
 

Photocatalyst = Titanium dioxide – nanoparticles, nanotubes, or thin 

films 
 

Reaction regimes: Photocatalytic < ~100 0C 
 

Photo- and thermal catalytic ~100-200 0C 
 

Thermal catalytic > 200 0C 

Light 



C. Wei , W. Y. Lin, Z. Zainal, N. E. Williams, K. Zhu, A. P. Kruzic, R. L. Smith, and K. Rajeshwar,  

Environ. Sci. & Technol.  28, 934-938 (1994). 
 

K. Rajeshwar, C. R. Chenthamarakshan, S. Goeringer, and M. Djukic,  Pure & Appl. Chem.  73, 1849-1860 (2002). 



   

Figure 3.   The results from a literature search using the ISI Web of Knowledge database using 

the keywords: “photocatalysis and TiO2,” “photocatalysis and oxide semiconductor,” 

“photocatalysis and pollutant degradation.” The related literature on “water splitting” and 

“dye-sensitized solar cell” was excluded from this database.  The insert contains an exponential 

fit of the literature search results. 

Ray YǳǊȊǿŜƛƭΩǎ άƭŀǿ ƻŦ ŀŎŎŜƭŜǊŀǘƛƴƎ 
ǊŜǘǳǊƴǎέΥ  ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ǇǊƻƎǊŜǎǎ 

happens exponentially and not linearly. 
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Figure 1.   The results from a literature search using the ISI Web of Knowledge database using 

the keywords: “photoelectrochemistry,” “electrochemistry and solar energy conversion,” 

“semiconductor quantum dots and solar energy conversion,” and “solar water splitting.” The 

insert contains an exponential fit of the literature search results . 
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The Ideal Photocatalyst:  Holy Grail 

 Stable 

 

 Good overlap of absorption cross-section with solar 

spectrum 

 

 High conversion efficiency and quantum yield 

 

 Compatible with a variety of substrates and reaction 

environments 

 

 Low cost 

AND THE SEARCH GOES ONé! 
 



---------------------- 

Ghicov, A.; Schmuki, P. Chem. Commun., 2009, 2791 - 2808 

 



Why Oxide Semiconductors? 

 Component elements are plentiful and non-toxic contrasting with compounds 

   such as GaAs, InP, CdTe, CdSe. 

 

 Oxide semiconductors are usually photoelectrochemically stable in aqueous 

   media. 

 

 They have shown most promise for water photoelectrolysis application. 

 

 Oxides can be easily doped and their opto-electronic properties modified. 

 

However, they are usually prepared by high-temperature (e.g., ceramic) routes. 



Infusion of Ideas, People, Tools from Other Areas 

ÅHigh Tc Superconductivity – energized solid-state chemistry  

 and oxide semiconductor prep. 

 

ÅColloid chemistry provided big fillip (e.g., Q-dots). 

 

ÅUltrafast (time-resolved) spectroscopy 

 

ÅNanotechnology (nanotubes, nanorods, nanowires etc) 

 

ÅElectrocatalysis – note water splitting is fuel cell  

 electrochemistry done in reverse!   
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ÅElectrodeposition 

 

ÅSol-Gel Chemistry 

 

ÅChemical Bath Deposition 

 

ÅCombustion Synthesis  

Time and Energy-Efficient Preparation Routes 

to Oxide Semiconductors 
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ÅSol-Gel Chemistry 
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ÅCombustion Synthesis  

Time and Energy-Efficient Preparation Routes 

to Oxide Semiconductors 



ÅExothermic and fast reaction 

ÅProducts are homogenous and crystalline 

ÅHigh surface area 

ÅSimplicity of the process 

      No special equipment is required 

ÅPossibility to incorporate dopants in situ in the 

oxide 

 
Energy input for synthesis process 

comes from reaction exothermicity  

Advantages of Combustion Synthesis 
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(A) Diffuse reflectance of TiO2 samples prepared by combustion synthesis versus Degussa P-25 titania.  

 A visual contrast of the benchmark TiO2 with respect to combustion synthesized TiO2 is given in the 

 insert.  (B) Corresponding Tauc plots for these TiO2 samples.  Ŭ is the absorption coefficient computed 

as a function of the energy (hn) from the UV-visible diffuse reflectance data in (A). 

(A) (B) 

_________________________ 

Rajeshwar, K.; de Tacconi, N. R. “Solution combustion synthesis of oxide semiconductors for solar energy conversion and 

environmental remediation,” Chem. Soc. Rev. 38, 1984-1998 (2009). 



Comparison between the band edges of selected semiconductors (at pH 1) and the redox potentials 

for water splitting. 
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 Combustion Synthesis of AgBiW2O8  
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Tauc plot for combustion synthesized AgBiW2O8. The inset show the percent 
transmittance data of the sample before (black line) and after photodeposition of 1wt % 
Pt (blue line), along with the corresponding sample photographs 

To furnace 

Anneal and 
grind 

N. R. Tacconi, H. K. Timmaji, W. Chanmanee, M. N. Huda, P. Sarker, and K.  Rajeshwar, J. Am. 

Chem. Soc. (submitted). 



a)Our data 

b)Tang, J.; Ye, J.  J. Mater.  Chem.  2005,  15, 4246  

SURFACE AREA (BET) 

31 

Photocatalyst Micropore Area 

(cm2) 

External Surface Area 

(cm2) 

BET Surface Area 

(m2 g-1) 

SCS AgBiW2O8 5.488 28.938 34.44a 

SSR AgBiW2O8 0.136  0.406   0.54a 

SSR AgBiW2O8 - -   0.29b 

Characterization of AgBiW2O8 

Combustion synthesis 

affords a better quality 

product in a time- and 

energy- efficient manner, as 

compared to the solid state 

procedure. 

CS AgBiW2O8 nanoparticles are in the 5  10 nm size range according to HRTEM and XRD. 
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 Photogeneration of Syngas from Formic Acid 
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N. R. Tacconi, H. K. Timmaji, W. Chanmanee, M. N. Huda, P. 

Sarker, and K.  Rajeshwar, J. Am. Chem. Soc. (submitted). 



Comparison between the band edges of selected semiconductors (at pH 1) and the redox potentials 

for water splitting. 
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After 30-odd years, no commercial process yet. 

 

Chemical engineers have barely entered the fray. 

 

Efficiencies have to climb ( >10-15%) before they 

will? 

 

Contrast with success stories, e.g., lithium ion 

batteries, solid oxide fuel cells. 

 

The Platinum Curse:  e.g., PEMFCs? 

 

Concluding Perspectives 




