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Bio-Nano design properties

(new biosensing materials)
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Bio-Nano design properties
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Bio-Nano design properties



DSSC?
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SOLAR CELLS - DSSC
dye-sensitised solar cell
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fluorescent dye - active component



high photon conversion efficiency
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DSSC Design requirements
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FLUORESCENT DYE - ACTIVE COMPONENT
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Natural dyes

strong intensity

easily bound to organic molecules

size regime < 2nm - each atom

counts (discrete quantum states)

specific properties depend on the

number of atoms

non-toxic

easy to extract

extensively researched for DSSC

low efficiency (max. 4%)

 Nanoclusters

Bio-Nano Hybrid Sensitizer

in vacuum

on the surface



DSSC



DSSC cyanidin-silver NC hybrids 

anthocyanidin
dye-class



cyanidin-Ag   (n=3,5,9,21)n

odd
cyanidin-Ag   (n=6,12)n

even

effective photo-induced electron transfer
injecting photons into the conduction band



DSSC MODELING of cyanidin-silver NC hybrids 

cyanidin

cyanidin-Ag   (n=3,5,9,21)n

donor-acceptor character 

efficient charge transfer complex



DSSC cyanidin-silver NC hybrids 

number of valence electrons impacts
stability (even - odd)

enhancement of
absorption intensity

high photon conversion efficiency anchoring to the
semiconductor surface
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DSSC cyanidin-silver NC hybrids 

Bio-nano hybrids as

sensitizers for DSSC?



DSSC
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DSSC doping of cyanidin-silver NC hybrids with Cu and/or Au atoms

modification of NCs by doping:
tune the geometric and electronic properties
improve their stability

Ag 3
+ Ag  Au2

+ Ag  Cu2
+

AgAuCu+

cyanidin-Ag. Au2 cyanidin-Ag. Cu2 cyanidin-AgAuCu

doping 
of 

bio-nano 
hybrids 



DSSC doping of cyanidin-silver NC hybrids with Cu and/or Au atoms

effective photo-induced
electron transfer (-ΔG     )
 

high photon
conversion efficiency

efficient CT complexfurther enhancement
of absorption intensity inject



DSSC doping of cyanidin-silver NC hybrids with Cu and/or Au atoms

anchoring to the semiconductor surface



DSSC cyanidin-silver NC hybrids 

Replacing larger Ag NCs with smaller doped trimers  new 

bio-nano-based sensitizers with improved stability and light

harvesting efficiency



DSSC



DSSC



DSSC conclusions and future perspectives

bio-nano hybrid sensitisers:

enhanced opto-electronic properties 

increased light-harvesting and

photocurrent efficiency

have not been previously investigated

as DSSC sensitisers

doping of bio-nano hybrid sensitizers:

doping by single Au/Cu atoms, and

combined Au-Cu -> more stable trimer -

hybrid structure (smaller s-d gap)

influence of doping on the larger NCs needs

to be investigated - future

the findings highlight the potential of bio-nano hybrids as DSSC sensitisers

with improved efficiency 

experimental research is neededexperimental research is neededexperimental research is needed
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