Toward Multifunctional Analytical Platforms:
Progress in Combining Optical, Electrochemical, and Topographical Information

Boris Mizaikoff and Christine Kranz

University of Ulm, Institute of Analytical and Bioanalytical Chemistry
Albert-Einstein-Allee 11, 89081 Ulm, Germany, boris.mizaikoff@uni-ulm.de, christine.kranz@uni-ulm.de

Chemical sensor technology in the mid-infrared (MIR) spectral range (3-20 um) is gaining importance in process
monitoring, environmental analysis, security/surveillance applications, and the biomedical field, due to the increasing
demand for robust sensor technology with inherent molecular specificity. Interfacing IR-transducers with continuous
measurement situations in the gas and liquid phase becomes increasingly feasible with the advent of appropriate
waveguide technology (e.g., MIR transparent optical fibers and planar waveguides), protective surface coatings (e.g.
diamond-like carbon, sol-gels, polymers, etc.), and the availability of advanced light sources such as room-temperature
operated quantum cascade lasers (QCLs) leading to miniaturized IR diagnostics. Selected examples will highlight recent
advances in miniaturizing IR sensor technologies along with application examples including extreme environments (e.g.,
deep sea), and biomedical analysis (e.g., in-vivo surgical monitoring).

Recent developments in scanning probe microscopy (SPM) are focusing on the combination of individual SPM
techniques, or on the combination with optical techniques to expand the information content accessible at the nanoscale.
In particular, combined AFM-SECM (atomic force — scanning electrochemical microscopy) probes have gained
considerable interest for simultaneously providing topographical and laterally resolved electrochemical information during
AFM imaging. Combined SPM probes with an electroactive area integrated into the AFM probe enable applying a
potential to the integrated electrode and recording Faradaic currents resulting from electroactive surface processes, such
as e.g., corrosion or biological redox activity. These processes can be (electro)chemically detected with spatial resolution,
and directly correlated to the topographical information obtained by the AFM measurement.

Consequently, the next-generation of multifunctional analytical platforms ideally combines the benefits of scanning probe
techniques, electrochemistry, and IR spectroscopy into unique analytical tools. Molecular specific information of
electrochemical processes can be obtained by combining IR spectroelectrochemistry using in-situ infrared attenuated total
reflection spectroscopy (IR-ATR) with AFM as simultaneous spectroscopic access to surface processes during
topographical imaging is provided. An overview on the state-of-the-art, current challenges, and the future potential of such
hyphenated analytical surface techniques will be presented, and complemented by selected examples relevant to
biomedical and material sciences.
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