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Solar Energy Based Hydrogen EconomySolar Energy Based Hydrogen Economy
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Solar Energy
Solar Energy

51.2 x 105 TW
(10,000 x Current world demands)

• Abundant

• Environment-friendly energy source

• Safe and Clean 
Earth

~ 0.1% of the Earth’s surface

f

(5 times as big as South Korea)
+

10% i ffi i
Global need

13 TW ~ 10% conversion efficiency13 TW 



Photocatalysis as a mean of solar energy 
conversion
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Water Splitting 
on a Photocatalyst Particle
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Band Gap Positions in Various Semiconductors
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Common Strategies for 
D l i Vi ibl Li ht Ph t t l tDeveloping Visible Light Photocatalysts

1. Impurity Doping in Wide Band-gap Oxide Semiconductors
- transition metal ions (cations) 
- nitrogen, carbon (anions)

2. Sensitization of Wide Band-gap Oxide Semiconductors
- organometallic complexes (e.g., ruthenium bipyridyl derivatives)
- organic dyesorganic dyes
- inorganic quantum dots (e.g., CdS) 

3 Nanohybrid Systems3. Nanohybrid Systems 
(metal oxides & chalcogenides, metal nanoparticles, organic & 
inorganic sensitizers, polymers, etc.) 



DyeDye--Sensitized TiOSensitized TiO22 Solar CellSolar Cell
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HH22 Production on DyeProduction on Dye--Sensitized TiOSensitized TiO22
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Hydrogen Production with Dye-Sensitized TiO2 

Controlling/Modifying Interfacial Properties :

• Sensitizer anchoring mode
• Ion-exchange resin coating
• Barrier layer coating
• Hybridization with carbon nanotubes

• Non-Ruthenium Dye sensitized systems



Anchoring GroupAnchoring Group

Different ways of anchoring molecules on surfacesDifferent ways of anchoring molecules on surfaces
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Anchoring Groups in Ru-Sensitizers
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A h i G Eff t H d d t H d P d tiAnchoring Group Effect:  pH-dependent Hydrogen Production 
on RuII/Pt-TiO2 under Visible-light Illumination
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TiOTiO22 Surface Modification with NafionSurface Modification with Nafion
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Ru(dcbpy)Ru(dcbpy)33--TiOTiO22 vs.vs. Ru(bpy)Ru(bpy)33
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Photo-sensitized H2 Production in 
two anchoring systemstwo anchoring systems
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Photoelectrochemical Hydrogen Production

Carbon Nanotube Assisted Generation of Hydrogen 
in Dye-Sensitized Photoelectrochemical Cell under Visible Light
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Photoelectrochemical Hydrogen Production
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Dye-Sensitized TiO2 with Thin Overcoat of Al2O3Dye-Sensitized TiO2 with Thin Overcoat of Al2O3
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Organic DyeOrganic Dye
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Strong Intra-molecular Charge Transfer
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Organic Dye  vs.  Organic Dye  vs.  RuRu--complex Dyecomplex Dye

Ru-dye (RuL3)Organic-dye (OD)

λDye λmax
(nm)

εmax
(M-1 cm-1) ΔE (V) E0(dye/dye·+) (VNHE) E0(dye*/dye·+) (VNHE)

OD 445 24500 2.45 1.35 -1.0

MetalMetal--free organic dye sensitizersfree organic dye sensitizers

RuL3
c 465 19500 2.20 1.39 -0.81

Low-cost production

High visible light absorption

MetalMetal free organic dye sensitizers free organic dye sensitizers 

23

High visible light absorption

Facile molecular design



H2 Production using a Dye Sensitized TiO2 System
Hydrophilicity of Organic Dyes

NC
Lee at al., Org. Lett. 2010, 12, 460
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Fullerol/TiO2 Charge Transfer Mediated Visible 
Light Photocatalysis
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Theoretical Calculation of Fullerol/TiO2 Complex
<Fullerol/TiO ><Fullerol + TiO > <Fullerol/TiO2><Fullerol + TiO2>

Charge Transfer
Transition

LUMO

Transition

hν

HOMO

•These absorption spectra are calculated using intermediate neglect of differential overlap (INDO) model 
parameterized for spectroscopy at the configuration interaction (CI) level of theory (ZINDO/S-CIS)



Photocatalytic Activity of 
Fullerol/TiOFullerol/TiO2
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Conclusions

Dye-sensitized TiO2 nanoparticles can be modified in various ways for Dye sensitized TiO2 nanoparticles can be modified in various ways for 
H2 production.

The hydrogen production on dye-sensitized TiO2 is critically y g p y O2 y
influenced by the kind of surface anchoring groups of the dye. 

Nafion-coated TiO2 can anchor non-derivatized ruthenium bipyridyl 2 py y
complexes via ion exchange for efficient hydrogen production. 

The presence of alumina overcoat on TiO2 enhanced the efficiency of p 2 y
dye-sensitization for hydrogen production.


