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Summary

This project combines vibrational spectroscopy with a scanning near-field
optical microscope that employs a sharp tip for an approximate spatial
resolution within in the 20-nanometer range. The nanoscale structure Is the
key to understanding the functionality and deterioration mechanisms of a
polymer. Whether or not the polymer components are blended with
another, contaminated, or have any kind of previous deterioration can be
probed with a scanning near field optical microscope (SNOM). This
microscope can access below the diffraction limit by scattering light off a
very sharp tip that Is approximately 20nm in width. These interactions
allow the tip to trace the physical structure of the sample while
simultaneously using the scattered light to give chemical information. The
Infrared wavelength can be tuned to absorption bands of any polymer. In
this poster, we focus on polymers related to solar energy. commercial
silicone solar cells as well as organic solar cell components currently
being researched, poly(3-hexylthophene) (P3HT) and Phenyl-C61-butyric
acid methyl ester (PCBM).
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Nearfield optical microscope set up (NeaSpec)

Various molecules vibrate at specific frequencies, providing a
‘fingerprint’ to detect specific chemicals. However, a key limitation
of conventional light spectroscopy Is the diffraction limit. The
solution Is that there is a very sharp tip that is much closer than the
wavelength of the light to the sample (nearfield). This tip will scatter
light directly off the laser, exciting the sample and allowing spatial
resolution on the nanometer scale past the diffraction limit [1, 2].
This scanning probe instrument allows for both nearfield optical and
atomic force nanoscopic imaging (yielding morphology) at the same
time. P3HT and PCBM [3] were in thin film form. The topography
IS the mechanical image, which Is the differences in z-height
measured by the AFM tip. The optical amplitude shows the
reflectance of the sample, while the optical phase shows the
absorbance. The optical images reveal vibrational fingerprints in the
Infrared spectral region.
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Laser Frequency is tuned to 1425 cm with a scan area of 5 um x 5 pm. These maps reveal physical,
optical reflectivity, and optical absorbance characteristics. The round deposits of P3HT clearly show
spatial differences between the morphological and chemical distributions.
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PCBM Organic Solar Cell Component
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While increasing the z-height linearly, mechanical
amplitude will increase linearly, while optical signals
will decrease nonlinearly.
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Laser Frequency is tuned to 1250 cmt with a scan area of 5 pm X 5 pm. The map resolves
sub-micron features, such as aggregates and their spatial distributions.

Silicone Solar Cell
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Laser Frequency is tuned to 1250cm™ with a scan area of 5 um x 5 pm. Due to the solar
cell's roughness, there are limitations to the resolution of the images.
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Conclusions

>Scanning near field optical spectroscopy (SNOM) provides
chemically specific images on the nanoscale

>SNOM show spatial differences between morphological and
chemical information among polymeric solar cell materials at ~ 20
nm resolution

>SNOM reveals spatial distributions of aggregates, and
differences between P3HT and PCBM

>|n future work we aim to chemically image the degradation of
solar cells
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