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Determination of solvent temperature in a micro fluidic device by low-
frequency Raman spectroscopy

oHajime Okajima'-?
I College of Science and Engineering, Aoyama Gakuin University, Japan
2 PRESTO, JST, Japan

[Abstract] Micro fluidic devices recently attract much attention as um-scale flow reactors
for fine chemical synthesis. Temperature of reaction fluid, which is important for precise
chemical reactions, is believed to be completely controlled by the micro devices. However, such
thermal control is hard to be confirmed experimentally, because temperature detection of small
sized fluid is almost impossible. Recently, spectroscopic determination of water temperature
was demonstrated by using anti-Stokes/Stokes low—frequency Raman spectroscopy!!l. This
optical method enables temperature measurement under a microscope and is applicable to even
water in a small capillary tubel?l. In the present study, I applied this method to examine
temperature distribution of water inside a cooled/heated glass reactor with a 100-um depth
channel. Thanks to a confocal setup, temperature of micro water flow can be measured
separately from that of the reactor media. The thermal control of water flow in the device, which
depends on the flow rate, is successfully observed.
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Fig. 1. Schematic illustration of the micro-reactor used

in this study. The S-shaped channel with 100-um depth
was periodically heated and cooled by a heater and a
Peltier stage, which were set at 75 and 15 C,
receptively. Sampling points of the temperature
measurements are indicated by solid circles (red circles;
temperature measurement for heated fluid, blue circles;
cooled fluid, black circles; reactor media).
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Fig. 2. (Left) anti-Stokes/Stokes low-frequency Raman
spectra of (a) water in the micro channel and (b) quartz
glass of the reactor. (Right) semi-log plots of anti-
Stokes/Stokes ratios multipled by the frequency factor
to Raman shifts for (a) water and (b) glass togather with
their exponential fittings (red lines).
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Fig. 3. Raman temperatures of water in the micro
channel (circles) and those of the reactor media glass
(black solid lines) at flow rates of (a) 40, (b) 20 and (c)
2 mm/s. Red solid circles and blue open ones indicate
temperatures of heated and cooled flow, respectively.
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