Nanomorphology and Charge Transport correlation in Conjugated Polymer Films with Similar Optical Properties 
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The performance of luminescent conjugated polymer based devices, such as light emitting devices (PLED) and field effect transistors (FET), are greatly affected by the processing of the conjugated polymer. For example, solvents used to dissolve polymers have been observed to have a profound effect on the resulting films’ optical properties.  Dramatically different transport properties have also been observed in films processed from different solvents, concurrent with their different optical properties.1   Previously, we reported that charge carrier mobility can vary greatly in thick films of MEH-PPV with identical (far-field) PL spectra made from different solvents.2   In this work, we have investigated the nanomorphology and charge transport properties of thin films having identical PL spectra.

Poly(2-methoxy-5-(2’-ethylhexyloxy)-1,4-phenylenevinylene) (MEH-PPV) was synthesized via the Gilch method following in general the procedure reported by Wudl and coworkers.18,19 The resulting polymer (Mw ~ 250 kD, poly-dispersity = 6.5) was dissolved in either chlorobenzene (CB) or toluene (TL) and spin-cast onto prepared substrates to form a 60nm thick MEH-PPV thin film.  The films’ optical properties were investigated using nearfield optical microscopy.  The Transient Electroluminescence technique was used to measure mobility in both the vertical (PLED geometry) and horizontal (FET geometry) directions.  The films nanomorphologies were investigated by grazing-incidence wide-angle X-ray reflectivity (GI-WAXR) using the 8-circle diffractometer at the wiggler beamline BL17B of the National Synchrotron Radiation Research Center (NSRRC) in Taiwan.  Further structural information was obtained from grazing-incidence wide-angle X-ray scattering (GI-SAXS) measurements performed using the CHESS beamline at Cornell University.
Films spun from toluene and chlorobenzene were found to optically identical in terms of absorption, photoluminescence spectra in both the far- and near-fields.  Despite similar optical properties, X-ray measurements indicated that films spun from chlorobenzene had a much more strongly layered structure than those formed from toluene.  Transport properties were found to be very anisotropic within the films themselves and to vary substantially between films. Films formed from toluene had better charge transport in the vertical direction while those formed from chlorobenzene exhibited higher mobility in the horizontal direction. The anisotropy in mobility was much greater for films spun from chlorobenzene.
In conclusion, mobility in spun films is highly anisotropic with the degree of charge transport anisotropy correlated with the strength of film layering.

Acknowledgment

This research is supported by Academia Sinica and MOE Program for Promoting Academic Excellence of Universities under the grant number: 91-E-FA04-2-4A.
References

[1].A.R. Inigo. et al., .Adv. Mater. 13, (2001) 504.

[2].A.R. Inigo et al,. Phys. Rev. B 69 (2004) 075201.
