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II)  Excitonic solar cells 
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Excitonic solar cells 

 Bulk heterojunctions 

 Dye solar cells (Graetzel cells) 

 Quantum modeling for charge separation 
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Bulk heterojunction 
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Donor and acceptor molecules 
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Mechanisms for energy transfer 
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Transfer Efficiency 

•  Fraction of excitations transferred to acceptor 

•  Dexter : exponential decrease with distance on a distance of 2-3 
Angströms 

 
•  R0 = Förster radius, maximum 10 nm for large overlap 

6

0
1

1

⎟⎟⎠

⎞
⎜⎜⎝

⎛
+

=
+

=

R
Rkk

kE
fDDA

DA



neel.cnrs.fr 

Charge separation 
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Charge separation 
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Charge transport 

10 

Marcus	
  theory	
   Polaron	
  physics	
  



neel.cnrs.fr 

Dye Solar cell (Graetzel cell) 
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Avoiding recombination  
by decoupling the HOMO orbital 
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Avoiding recombination  
by decoupling the HOMO orbital 
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Avoiding recombination  
by decoupling the HOMO orbitalÒ 
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The two-level model 
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Symmetric case 
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Non symmetric case 
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Polaronic bands 
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Message to take home 

Bulk Heterojunction: strong analogy with first step of 
photosynthesis (exciton formation and propagation ) 

Dye solar cells : charge separation is analogous to that of 
BHJ 

 Quantum modeling so far is mainly based on ab-initio 
studies of energy levels, shape of the wavefunctions… 

 New approaches to flux of charges and energy 
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