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The structure and properties of various assemblies of semiconductor, metal, and 

carbon materials are presented with a special emphasis on phenomena relevant to 

renewable energy applications such as solar cells or fuel cells. 

Photophysical aspects of semiconductor-semiconductor heterostructures 

consisting of molecularly linked TiO2 and CdSe nanocrystals are investigated to explore 

their applications in photovoltaics. Efficient charge separation is achieved by the type-II 

band structure alignment of the two semiconductors with electrons injected into TiO2

from the photoexcited CdSe. Charge transfer rates between 7.3×109 and 1.95×1011 s-1

and a maximum photon-to-carrier conversion efficiency of 12% are established. 

Next, we combine a one-dimensional material, carbon nanotubes (CNTs), with 

semiconductor nanocrystals in order to improve charge transport in photovoltaic cells.  

Charge transfer from photoexcited CdS nanocrystals into CNTs is demonstrated to occur 

in ~200 ps as measured by transient absorption spectroscopy. Films of the composite 

produce photocurrent upon visible light excitation confirming that relaxation of 

photoexcited electrons occurs through charge transfer to the CNTs. 

CdSe nanowires are another class of one-dimensional materials studied in this 

work, incorporating both beneficial transport properties and the ability to undergo charge 
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separation under visible light excitation. Recombination dynamics of the so-called one-

dimensional (1D) excitons in the multi-carrier regime are investigated as a function of 

exciton density. It is established that at relatively high exciton densities above 1019cm-1

the dominant process for carrier cooling is the “bimolecular” Auger recombination of 1D 

excitons. At lower intensities, however, crystal phase heterogeneities efficiently separate 

1D excitons into localized electrons and holes, giving rise to a “three-carrier” Auger 

recombination dynamics characteristic of quantum dots. 

The structural and catalytic properties of platinum nanocrystals deposited on C60

and CNT supports are explored next. X-ray absorption spectroscopy is used to 

investigate the changes in the local atomic environment of platinum atoms during the 

catalytic oxidation of methanol in a fuel cell. The results indicate that the platinum 

particles deposited on CNTs retain their initial morphology much better than those on 

C60 supports. Measurements of the electrocatalytic activity towards methanol oxidation 

also indicate the superiority of the Pt-CNT system as compared to Pt-C60.


