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poly(3-n-hexylthiophene) 
P3HT  

phenyl-C61-butyric acid methyl ester 
PCMB  
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Bulk heterojunction concepts 
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Polymer crystal alignment in PCBM/P3HT 
spun cast and annealed blends 

PCBM/P3HT blend 
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Proposed layered polymers/CNT hierarchical 
morphologies 

Requirements	
  
• 	
  light	
  absorp6on	
  
• 	
  charge	
  transfer	
  
• 	
  con6nuous	
  pathways	
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Interes5ng	
  possibili5es	
  
• 	
  π-­‐π	
  conjugated	
  (stacked)	
  polymer	
  
• 	
  high	
  aspect	
  ra6o	
  electron	
  acceptor	
  



Spin-coating: 
Perpendicular 
orientation 

Electro-
polymerization: 
Parallel orientation 

π-π stacking to facilitate interchain hopping 

10 % efficiency possible by stacking 
Blom, W. M.; et al Phys. Rev. B. 2005, 72, 085205.  



Slow	
  down	
  reac6on	
  kine6cs	
  to	
  ensure	
  parallel	
  
stacking	
  by	
  minimizing	
  polymeriza6on	
  
temperature	
  and	
  current.	
  

Electro-polymerization and ordering of 3HT 
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Film	
  growth	
  restricted	
  by	
  
the	
  oxidized	
  film	
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Thickness control during electrochemical 
polymerization 
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Oxidized	
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Reduced	
  
P3HT	
  

Vibronic	
  
shoulder	
  

Peak	
  at	
  ~	
  500	
  nm	
  indicates	
  reduced	
  
(conjugated)	
  P3HT	
  

Presence	
  of	
  vibronic	
  shoulder	
  indicates	
  
interchain	
  order	
  in	
  P3HT	
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   spectrometer	
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UV-vis of oxidized and reduced P3HT films 



In-situ polymerization spectra 

Spectra	
  recorded	
  every	
  5	
  sec.	
  

550	
  nm	
  	
  reduced	
  P3HT	
  in	
  solu6on	
  



Vibronic	
  shoulder	
  develops	
  ~	
  10	
  sec	
  aBer	
  flaXening	
  of	
  current-­‐6me	
  curve	
  

In-situ reduction spectra 



two capacitive processes 
 - may indicate presence of deep 

traps that are not completely filled 
during reduction of the film 

one capacitive process where all of 
the deep traps are filled 

Reduction potential determines impedance response 
and charge defects of thin film  



Spin-­‐coa5ng:	
  
Perpendicular	
  orienta5on	
  

Electro-­‐polymeriza5on:	
  
Parallel	
  orienta5on	
  

Parallel	
  stacking	
  offers	
  a	
  more	
  direct	
  
path	
  for	
  hole	
  transport	
  

P3HT stacking at electrode surface 
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Need	
  defects	
  in	
  perpendicular	
  stacks	
  for	
  electrode	
  injec6on.	
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Undesired 
P3HT crystal 
orientation.   
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More direct path 
for charge 
transport. 
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Preferential  alignment: effect on absorbance 



Electro-polymerization in CNT mats 
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Raman spectroscopy of electropolymerized films 

electrode side 

solution side 



Downward	
  trend	
  in	
  wavenumber	
  
indicates	
  an	
  increase	
  in	
  P3HT	
  stacking	
  

More	
  stacking	
  observed	
  closest	
  to	
  the	
  
substrate	
  

P3HT stacking at electrode surface 

Guo,	
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  al.	
  Thin	
  Solid	
  Films	
  2008.	
  

Increased  
order 



Increasing CNT density decreases 
photoluminescence due to charge transfer 

UV-vis spectra of CNT 
membranes, before 

polymerization 

PL intensity quenched 
significantly with 

increasing CNT density 
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Electrochemical deposition of P3HT/fullerene blends 
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R = 1 

R1 = -CH3 
R4 = -(CH2)3-CH3 
R6 = -(CH2)5-CH3 
R8 = -(CH2)7-CH3 
R12 = -(CH2)11-CH3 

Thiophenes with variable side-chain lengths 
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P3MT – red shift and broad absorption 

P3BT – larger than expected blue shift            
             likely due to poor stacking 

Influence of the side chain: photoluminescence 
and UV-vis spectroscopy 



Trade-offs of electropolymerized thiophene 

•  Lack of regio-regularity 
Blue shift in UV-vis spectra 

•  Electrolyte and charge 
doping 



Pursuing lower bandgaps for increased  
light adsorption  

EDOT 

PEDOT 
1.60 eV 

*Low mobility 



Concluding remarks 

•  Electrochemically synthesized P3HT better 
π-π stacking in the (010) plane 

•  Results in broader absorbance, especially at 
lower polymerization current 

•  Successful impregnation of CNT membranes 
with P3HT via electropolymerization  

•  Dense P3HT/CNT composite films had highly 
quenched photoluminescence indicating 
possible charge transfer to nanotubes 

•  Of all e-polymerized P3ATs, P3MT has the 
broadest absorbance and is most red-shifted.   
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h+ 
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Swelling and relaxation dynamics of  
surface-tethered polymers 

w/ Deanna Pickel and Brad Lokitz 
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  film	
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Thin film impedance and stacking order 
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Charge mobility normal to the film plane 
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Roman and Inganas Synthetic Metals 2002. 


