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By combining scattering-scanning near-field optical microscopy (s-SNOM) with mid-infrared
synchrotron radiation, synchrotron infrared nano-spectroscopy (SINS) enables molecular and
phonon vibrational spectroscopic imaging, with rapid spectral acquisition, spanning the full mid-
infrared (300-5000 cm-1) region with nanoscale spatial resolution. This highly powerful
combination provides access to a qualitatively new form of nano-chemometric analysis with the
investigation of nanoscale, mesoscale, and surface phenomena that were previously impossible to
study with IR techniques. We have installed a SINS end-station at Beamline 5.4 at the Advanced
Light Source (ALS) at Lawrence Berkeley National Laboratory, making the s-SNOM technique
widely available to non-experts, such that it can be broadly applied to biological, surface chemistry,
materials, or environmental science problems. We demonstrate the performance of synchrotron
infrared nano-spectroscopy (SINS) on semiconductor, biomineral and protein nanostructures,
providing vibrational chemical imaging with sub-zeptomole sensitivity.

The spatial field localization at the tip apex can also result in a large near-field momentum
sufficient to optically excite phonon polaritons (PhPs), which are quasiparticles resulting from the
strong coupling of photons with optical phonons. Here, we use SINS to image the PhP spectral
response in thin hexagonal boron nitride (hBN) crystals. The large spectral bandwidth of the
synchrotron source enables the simultaneous measurement of both the out-of-plane (780 cm-1) and
in-plane (1370 cm-1) hBN phonon modes. In contrast to the strong and dispersive in-plane mode,
the out-of-plane mode PhP response is weak. Measurements of the PhP wavelength reveal a
proportional dependence on sample thickness for thin hBN flakes [2].

A second SINS instrument has recently been installed at the new ALS Beamline 2.4 which I will
also briefly discuss. This talk will present the novel SINS instrumentation and a variety of
scientific examples. Future directions, both technical and scientific, will be discussed.
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