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Introduction and Motivation

“The sun is simply the champion of all energy 
sources. The sun provides Earth with 120,000 
TW. To put that another way, more energy from 
the sun hits the earth in one hour than all of 
the energy consumed on our planet in an 
entire year.”

                                             
–Nate Lewis (MRS Bulletin 2007)

Intimate blend of 
electron-donating 

polymer and 
electron-accepting 

fullerene

S

C6H13

S

C6H13
Photovoltaic Technologies

Organic Photovoltaics:
Lower Cost, Lower Efficiency

http://www.konarka.com

http://www.joliet-europe.com

Inorganic Photovoltaics:
Higher Cost, Higher Efficiency

In order to meet an ever increasing energy demand, 
photovoltaic technologies must be explored.  As a low 
cost alternative to inorganic photovoltaics, organic 
photovoltaics offer a unique combination of flexibility 
and processability.  Nevertheless, these devices should 
not be viable until their efficiency is improved.  

Polymer Coupling Copolymerizations
One factor limiting molecular weight during polymerization is aldehyde formation on polymer chain 
ends due to the potential infiltration of oxygen and subsequent reaction with catalyst.   Poly(3-
hexadecylthienylene vinylene) (P3HDTV) was polymerized in an inert atmosphere (N2).  After work 
up, aldehyde peaks were still present as evidenced by NMR (Figure 1).  This would imply that the 
catalyst is still active on chain ends even after 48 hours.  The McMurry reaction, which links two 
aldehydes via a double bond, was performed in hopes of coupling the aldehyde terminated 
polymer (Scheme 1).  It can be assumed that the reaction did occur, as no aldehyde peaks were 
present around 10 ppm following the reaction.  

GPC data shows an approximate 
increase in number average 
molecular weight from 9000 g/mol to 
12000 g/mol (Figure 2). 

Coupling polymer chains via the McMurry 
Reaction appears to be effective; however, it will 
not be a suitable method to obtain higher 
molecular weight polymers, as they are poorly 
soluble in tetrahydrofuran (the reaction solvent).

2,5-dipropenyl-3-hexadecylthiophene was copolymerized with 2,5-dipropenyl-3-hexadecyloxythiophene 
to form poly(3-hexadecylthienylene vinylene)-co-poly(3-hexadecyloxythienylene vinylene) (P3HDTV-
co-P3HDOTV) as shown in Scheme 2 below. 

Band gap control of 
this degree has yet 
to be demonstrated 
in literature.

After preparing a library of P3HDTV-co-
P3HDOTV materials it was found that 
band gap (from UV-vis absorption onset) 
could be precisely tuned by controlling 
monomer feed ratios. 

Future Work
The results seen from the McMurry reaction encourage further investigation into the post-polymerization coupling of 

polymers.  We believe that a strategy of this type may also be possible with radical induced cross-linking of polymer chains.

Although precise band gap control has not been thoroughly 
demonstrated in the literature, devices fabricated from these 

copolymers have undesirable performance.  We plan to utilize the 
copolymerization strategy with a more effective pair of monomers.
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Despite its promise, solar 
energy only makes a minimal 
contribution to America’s 
primary energy consumption.  
The influence of solar energy 
can be improved by lowering 
cost.  
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Polymer
C16 OC16 C16 OC16 Egopt (eV) by UV-Vis (kg/mol)

JCS1P68C (1) 10.0 0.0 10.0 0.0 1.66 33.3

JCS2080 (2) 9.0 1.0 8.9 1.1 1.64 33.5

JCS2081 (3) 8.0 2.0 8.0 2.0 1.63 14.1

BSS1046 (4) 7.0 3.0 6.8 3.2 1.62 9.3

JCS2087 (5) 6.0 4.0 5.7 4.3 1.59 23.8

BSS1047 (6) 5.0 5.0 4.7 5.3 1.57 7.6

BSS1048 (7) 4.0 6.0 3.7 6.3 1.55 6.7

JCS2099 (8) 3.0 7.0 2.7 7.3 1.55 3.1

BSS1049 (9) 2.0 8.0 1.9 8.1 1.54 8.2

JCS1110 (10) 1.0 9.0 0.8 9.2 1.53 4.9

JCS2075 (11) 0.0 10.0 0.0 10.0 1.50 3.4
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