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The Most Popular Conjugated Polymers
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THE DRIVE TOWARD PROCESSING



The Evolution of Processable PPV as an Example
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Designing the Semiconductor Gap



The Bandgaps of Conducting Polymers
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Poly(isothianaphthene). Wudl, F.; Kobayashi, M.; Heeger, A. J. J. Org. Chem. 1984, 49, 3382—-3384.

The Electronic and Electrochemical Properties of Poly(isothianaphthene). Kobayashi, M.; Colaneri, N.;
Boysel, M.; Wudl, F.; Heeger, A. J. J. Chem. Phys. 1985, 82, 5717-5723

Bredas, J.-L.; Heeger, J. A.; Wudl, F. J. Chem. Phys.1985, 85, 4673



OPTICAL DENSITY (ARB. UNATS)

Figure 13. Absorption coefficients of polythiophene (solid curve)
and poly(isothianaphthene) (dashed curve).



Transparent to the Human Eye
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Figure 14, Spectral changes associated with the cbserved color
change on doping; absorption spectrum of PITN after electro-
chemical compensation (solid curve) and after in situ electro-
chemical doping (dashed curve) (see text).



Application of the Concept to a PEDOT Analog
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The Concept of Low Bandgap Based on Intramolecular
Donor-Acceptor Interactions
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Havinga, E.E.; Pomp, A.; Ten Hoeve, W.; Wynberg, H. Synthetic Metals, 1995, 69, 581
Havinga, E.E.; Pomp, A.; Ten Hoeve, W.; Wynberg, H. Polym. Bull., 1992, 29, 119
J. Eldo and A. Ajayaghosh Chem. Mater. 2002, 14, 410-418
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Fig. 1 Absorption spectrum for poly-2 (PCDM)
J. P. Ferraris and T. L. Lambert J. CHEM. SOC., CHEM. COMMUN., 1991, 1268
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Fig. 3 Frontier molecular orbitals and corresponding HMO energies
() for bithiophene (BT) and 2 (CDM)

J. P. Ferraris and T. L. Lambert J. Chem. Soc., Chem. Commun., 1991, 1268
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Fig. 1 {a) Potentiodynamic electropolymenzation of 1 on Pt t « 104 M
substrate i 0.10 M Bu NPF—MeCN, scan rate 100 mV s—1 (&) Cyeclic
voltammogram of poly(l) m 0.10 M Bu,NPF;-MeCN, Pt electrodes, sean
rate 100 mV s—L

Said Akoudad and J. Roncali J. C h e m.Soc. Chem. Commun., 1998, 2081
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Fig. 2 Optical spectrum of neuntral poly(l) on ITO (the straight line at 0.40
eV 15 due to ITO absorption)

Said Akoudad and J. Roncali J. C h e m.Soc. Chem. Commun., 1998, 2081
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If the monomer units have a small HOMO-LUMO gap, it stands to
reason the incorporation into a conjugated backbone ought to produce
an even smaller bandgap polymer



An Example of a Very Low Bandgap Molecule
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Materials with Spectral Response: 400nm ~ 1400nm
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The Drive Toward n-Dopable Polymers



The Drive Toward n-Dopable Polymers
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Self-Doping and Water Solubllity



Self-Doping Conducting Polymer/Water Soluble
Conducting Polymer
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A Water-Soluble PPV
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“Superquenching of a Water-Soluble PPV

MPS-PPV / MVZ*
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L. Chen, D. W. McBranch, H.-L. Wang, R. Helgeson§, F. Wudl, G. Whitten PNAS, 1999, 12287



Biosensor Application

Fluorescence quenched Strong fluorescence

L. Chen, D. W. McBranch, H.-L. Wang, R. Helgeson§, F. Wudl, G. Whitten PNAS, 1999, 12287



Summary

By application of simple design concepts
conjugated poly processable,
controllable Eg, n-dopable and water-
soluble conjugated polymers could be
prepared and applied to organic
electronics and biology






