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Through the utilization of simple pressure-driven microflow, QELS measurement, should be avoided. Second, scattering angle
important chemical processes can be integrated onto a micrbchip. determination is very difficult because the diffraction grating method
Laminar multiphase microflow (MPMF) can be used for continuous in the conventional QELS methbdannot be applied when a
chemical processing along a microchannel. Complex chemical microscope objective lens is used. A block diagram of/d@QELS
operations and their applications have been demonstrated inmethod is shown in Figure 1. To avoid low-frequency noise, the
microchips utilizing MPMPF-2 Although MPMF may be a novel center frequency of measurement is shifted to 80 MHz from 0 Hz
tool for monitoring molecular behaviors at an aqueous/organic (A/ by utilizing the frequency offset of the local beam induced by the
0) interface, no quantitative analysis method for the interface has acousto-optic modulator (AOMY.Next, to determine the scattering
been established. Commonly, nonlinear laser spectrosédyzies angle, the numerical aperture of the lens is utilized. The incident
been used to characterize the A/O interface. However, these methodgind local beams are aligned parallel, focused with an objective lens,
are not suitable for dynamic process measurements such as transpofind crossed at the liquid surface in the microchannel. The local
phenomena. beam containing scattered light of the incident beam is fed into a

A quasi-elastic laser scattering (QELS) method is suitable for photodiode. The optical beat signal is monitored by a spectrum
the A/O interface analysis because of its interface-selectivity. analyzer. The inset of Figure 1 illustrates MPMF, in which the top
Because the QELS method measures capillary wave, no probeand bottom plates are modified with hydrophilic and hydrophobic
molecule is necessary and the interface can be measured as it isgroups, respectivelyThe microchannel has a width of 3@6n, a

Here, we report a novel microscopic quasi-elastic laser scattering depth of 200um, and a length of 20 mm.

(,uQELS) method for quantitative analysis of the MPMF. A control A typ|ca| MQELS Spectrum in the microchannel is shown in
method for MPMF guided by modification patternings also Figure 2a, where the water/toluene interface was meastred (
developed, where the modified surface holds the fluids by chemical g 59 x 106 m-1). The spectrum power intensity depends on the
interaction. The effectiveness of the MPMF ar@ELS method is  gifference of the refractive indices between two fluitis, and we
demonstrated by measuring the solvent extraction of a metal chelateastimated the limit of detection @ =~ 0.02. Flow velocity of the
and the mixing process of two miscible liquids. water and toluene was set to 2 mm/s. The solid line indicates fitted

The A/O interface thickness is usually defined as thermal ogyits of the theoretical spectrum, and the beat frequéney
fluctuation amplitude, which is about 1 nm. Because a quasi-elastic g 317+ 0.002 MHz was fitted. From the fittety, the interfacial
laser scattering (QELS) method measures the capillary wave dueension of 35.3 mN/m was obtained (literature value: 36.3 mN/
to the thermal fluctuation and interfacial tension at the A/O interface, m). By comparing the literature and experimental values for various
it can measure the interface characteristics selectf/&yhen an interfaces, we confirmed the validity of theQELS method.
incident beam irradiates the interface, the capillary wave having a  gne of the most important applications of H®ELS s transport
wavenumbek scatters the beam, where the relationshijx ef K characterization through the A/O interface in the MPMF. To
sin ¢ is required from momentum conservatidQ.is the wave-  jomonstrate effectiveness and usefulness, the solvent extraction

numbe_r of the laser Iig_ht,_and i_s the scatter_ing angle. In the process of Co-2-nitroso-5-dimethylaminophenol (Co-DMAP) at the
scaftering process, the incident light frequeficis modulated by water/toluene interface was measured. Figure 2b shows a time-

the capillary wave having afrequen.c)./fgfand, then, the scattgred course of the beat frequency during the extraction process. The
light has a frequency df + fo. By mixing the local beam having minimum beat frequency arodr2 s corresponded to the minimum

a frt_ﬁilquency Oﬂf: with the scattberedfhght, we C_Icfﬁld rgeasur;;he interfacial tension due to Co-DMAP adsorption where a decrease
capillary wave frequenc as a beat frequency. The observed beat of the interfacial tension corresponds to an increase of interfacial

frequencyfo can be related to the wavenumbeand interfacial density. Interfacial density of Co-DMAP increased until 2 s. The

tensiony a$ interfacial density then decreased until 10 s to achieve an equilib-
@\ rium density. As we demonstrated here, #@ELS method is very
fo= 1 (_V_) (1) powerful for molecular transport analysis at the micro liquid
27 \pa T+ Po interface.

The uQELS method is useful not only for dynamic analysis of
where pa and po are densities of aqueous and organic phases, interfaces between two immiscible solvents but also for those
respectively. between miscible solvents. Generally, we implicitly assume im-

To realizeuQELS for MPMF, two technical problems should miscible interfaces when we use the word liquldjuid interface.
be solved. First, low-frequency noise due to flow, which disrupts However, two miscible liquids also have interfaces before they mix.
Very few studies have been made on direct measurements of the

1 T T .. .
*g;;g%rssl,%eorgaogg'Techno|ogy Agency mixing process$!12|n these papers, critical consolute phenomena
§ Kanagawa Academy of Science and Technology. of aniline/cyclohexane or water/isobutyric acid were utilized to
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] ] ) ) process. A particle image velocimetry investigation on miscible two-
Figure 1. Block diagram ofuQELS apparatus. The inset illustrates  ,paqe flow suggested an anomalous imbalance in shear stress at
multiphase microflow (MPMF) utilizing the hydrophilic/hydrophobic . . . .
modification patterning. the interfacé? For understanding chemical and physical mecha-
nisms of solution and mixing, watealcohol mixtures have been
intensively studied® and our approach will contribute to the
fundamental chemistry of solution.

In conclusion, we have demonstrated a novel method to analyze
interfacial phenomena in microchannels, such as the transport of a
Co chelate through the A/O interface and the mixing process of
two miscible solvents. Our method will be a very important tool
for monitoring transport phenomena in microfluidic devices, for
fundamental research on solution and mixing, and even for direct
Frequency (MHz) measurement of syntheses at the liquid/liquid interfaces.
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