STRUCTURAL CHEMISTRY

Annual Research Highlights

(1) “Rapid-scan Fourier-transform coherent Raman
scattering spectroscopy”

Raman spectroscopy is widely used in a variety of fields.
However, it suffers from the problem that it takes a long
data acquisition time to measure a Raman spectrum
because spontanecous Raman scattering is a very weak
phenomenon. Recently, people have studied and developed
coherent Raman scattering spectroscopy to improve
measurement speed. We demonstrated high-speed rapid-
scan Fourier-transform coherent Raman scattering
spectroscopy with an ultrashort pulse laser and a rapid-

scan Michelson interferometer. With the developed system,

we achieved a measurement rate of 24,000 spectra per
second. Its spectral range covers molecular fingerprint
region (500-1,500 cm'). As a proof-of-concept
demonstration, we measured mixing dynamics of two
solvents (benzene and toluene) at a time resolution of 40
microseconds.
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Fig. 1 Rapid-scan Fourier-transform coherent Raman scattering
spectroscopy. (a) Schematic of the system. (b) Transient Raman
spectra of mixing dynamics of benzene and toluene measured by
the developed system. (c) Temporal behavior of molecular
density of benzene and toluene.

1.(1)-3) Sci. Rep., 6,21036 (2016).

(2) “Microalgal cell screening for biofuel production”

As an alternative to liquid fossil fuels, the development
of biofuel is an important but challenging goal for
contemporary science. Among the potential sources for
biofuel production, Euglena gracilis ranks among the most
attractive ones, as it produces a high quantity of wax ester,
which can be refined to produce e.g. the aviation fuel
kerosene. To date, few analytical methods are available for
characterizing such lipid-accumulating microalgae with
high throughput, high accuracy, and single-cell resolution
simultaneously. We demonstrated high-throughput, high-
accuracy, single-cell screening of E. gracilis via
optofluidic time-stretch microscopy. The setup consists of
an optical time-stretch microscope and a fluorescence
analyzer calibrated to a microfluidic device. The setup can
detect images and fluorescence of every passing E. gracilis
cell at a high throughput of 10,000 cells/s. With the multi-
dimensional information acquired by the system, we
classify ordinary and lipid-accumulated E. gracilis cells
with a false positive rate as low as 1.0%.
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Fig. 2 Microalgal cell screening with optofluidic time-stretch
microscopy. (a) Schematic setup for optofluidic time-stretch
microscopy. Images and fluorescent signals of ordinary Euglena
cells (b) and lipid-accumulated Euglena cells (c).

1.(1)-5) Appl. Phys. Rev., 3, 011102 (2016).
2.(1)-6) Biomed. Opt. Express, T,2703-2708 (2016).
3.(1)-9) PloS ONE, 11, e0166214 (2016).
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