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The bulk-heterojunction concept:  
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1  Optical excitation 0.1-10 ps 1. Optical excitation 
2. Charge separation
3. Charge-transfer stateg
4. Recombination…
5. …Or Free charges
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What happens in such a PV cell
at the molecular level?



Transient Absorption Spectroscopy

pumpp p

probeprobe

1.0ts
)

singlet
charge triplet

0.5  (a
rb

.u
ni

p

0.0-
T/

T 

0 .8 1 .0 1.2 1.4
probe energy (eV )



Transient Absorption Spectroscopy
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IR Signatures of Charges 
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• Photo-Induced Absorption in IR is an excellent probe for the   
concentration of charges concentration of charges 

• Low-energy (LE) peal allows background-free measurements
Bakulin et al., JPC B112, 13730 (2008)



Vis (35 fs) – IR (70 fs) spectroscopy set-up

3um probe
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Vis (35 fs) – IR (70 fs) spectroscopy set-up



Samples: donor- acceptor blends 
Acceptors:
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Watching charge dynamics in solar cell

Excitation by the Ultrafast Laser
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Spectroscopy vs. cell performance
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What do we know about charge transport?

Conductivity within chain and through the complete device.



One can build a microscopic model

Di t ib ti  f t t + h i  t  V (E T )Distribution of states + hopping rates Vij (E,T,…)
Remember Nir’s talk



Can we measure the distribution of  hopping rates? Can we measure the distribution of  hopping rates? 

ij ij ij 



Polarization sensitive techniqueq
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Polarization TA in CTCs
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Polarization TA in CTCs
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Polarization TA in CTCs
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Polarization TA in CTCs

E

E

nono
anisotropy



Measuring transient anisotropy –g py
information about hopping (Vij)

Transient Anisotropy The distribution of hopping
probabilities (Vij) probabilities (Vij) 
will depend on:
• polymer

Time

p y
• doping
• external fieldTime

• temperature
• morphologyp gy

• … and modeling is essential… and modeling is essential



Example I. Localization of charges



Photophysics in CTCs
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Transient Anisotropy in CTCs

L li ti  f h i  d CTC• Localization of charges in pronounced CTCs

• Dynamics do not depend on wavelength –Dynamics do not depend on wavelength 
same pathway of charge generation

Chem. Phys. Lett. 482, 99 (2009)



Photophysics  of  CTC

donor 

acceptor

• Efficient pathway of geminate recombinationEfficient pathway of geminate recombination
• Charges are localized



Photophysics in ternary
PPV/DNAQ/C blendPPV/DNAQ/C60 blend
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Charge dynamics in ternary blend
CTC
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Example II. Charge photogeneration pathway.



Significance of PCBM excitation 
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• Fullerene absorption in Visible 
is probably underestimated



Polarization sensitive technique
Muller et al, PRB (2005)
Westenhoff et al, JACS (2008)
Bakulin et al, JPC B (2008)
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Polarization sensitive techniqueq
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Polarization sensitive techniqueq
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Fullerene excitation



Polarization sensitive techniqueq
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PCBM excitation contrast

The contrast of 
PCBM excitation 
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AFM Images
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•Charge generation pathways 

•Evidence of the morphology 
hchange



ConclusionsConclusions

Ult f t t i f l t l• Ultrafast spectroscopy is a powerful tool 
for studying charge dynamics

• Anisotropy of nonlinear response providesAnisotropy of nonlinear response provides 
information about delocalization of 
charges and charge generation pathwaycharges and charge generation pathway

• Potential for development of charge-
transport models
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