13th Int. Symp on Appl. Laser Techniques to Fluid Mechanics, Lisbon, Portugal, June 26 – 29, 2006

Nano-LIF imaging of zeta-potential distribution in microchannel
Yutaka Kazoe1 and Yohei Sato2
1: Dept. of System Design Engineering, Keio University, Yokohama, Japan, kazoe@mh.sd.keio.ac.jp
2: Dept. of System Design Engineering, Keio University, Yokohama, Japan, yohei@sd.keio.ac.jp
Keywords: Nanoscale, Electric double layer, Ion, Evanescent wave

References
[1] Prieve, D.C. and Frej, N., Langmuir, 6, pp. 396-403,
(1990).
[2] Sato, Y. et al., Meas. Sci.Technol., 14, pp. 114-121, (2003).

Z

Fluorescent dye

Evanescent wave
Z
Silica glass

0

Laser

I0

I eva

Corrected fluorescent intensity [-]

Fig. 1 Schematic of nano-LIF imaging. Fluorescent dye in
the vicinity of the glass surface is illuminated by the
evanescent wave (Ieva(z)).
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Fig. 2 Calibration curves between fluorescent intensity and
zeta-potential at five points in the measurement area.
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Fig. 3 ( a) Top and (b) cross-sectional views of T-shaped
microchannel.
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Fig. 4 Two-dimensional distribution of zeta-potential at the
silica glass wall in pressure-driven flow. The average
velocity was (a) 575 µm/s and (b) 176 µm/s.
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Electroosmotic flow (EOF) on an application of electric
field is generally used as a liquid driving force in
microfluidic devices. An electrostatic potential at the
microchannel wall, i.e., the zeta-potential is a dominanit
parameter of EOF field. Therefore, a spatial and temporal
measurement technique of the zeta-potential is strongly
required for the accurate flow control in microfluidic devices.
The objective of the present study is to develop a twodimensional measurement technique of the zeta-potential at
the wall. A nanoscale laser induced fluorescence (nano-LIF)
technique was proposed by using fluorescent dye and the
evanescent wave.
Alexa Fluor 546 (Molecular Probes, Inc.), which
becomes a negative ion in a buffer solution, was selected as
the fluorescent dye. The fluorescent dye in the vicinity of the
wall was excited by the evanescent wave[1] with total
internal reflection of a laser beam as depicted in Fig. 1. The
fluorescent intensity detected is closely related to the
zeta-potential at the wall. Prior to the measurements, the
calibration curve between the fluorescent intensity and the
zeta-potential was obtained as shown in Fig. 2[2]. The spatial
and time resolution of the measurements was 7.9 × 7.9 µm
and 37 ms, respectively, and the measurement uncertainty
was ±5.3 mV.
Two-dimensional distribution of the zeta-potential was
investigated in a T-shaped microchannel as illustrated in Fig.
3. The fluorescent dye solutions with 0.1 mmol/l and 10
mmol/l Na+ were injected into inlet I and II, respectively.
Both solutions were driven by a pressure-driven flow at the
equal flow rate. The zeta-potential distribution at the slica
glass wall obtained from the measurement was shown in Fig.
4. The results obtained from the measurements show that the
zeta-potential was affected by the convection due to a
pressure-driven flow and an electroosmotic flow on an
application of electric field, the molecular diffusion and
electrophoresis of ion.
In order to investigate the motion of Na+ in the mixing
field, the flow structure in the junction area of T-shaped
microchannel was analyzed by the velocity measurement
using micron-resolution particle image velocimetry and the
numerical simulation. Figure 5 shows the comparison of
zeta-potential profiles at the silica glass wall (z = 0) obtained
from the measurements to Na+ concentration profiles at z =
25 µm in the Y-direction. The profiles of the zeta-potential at
the silica glass show good agreement with that of Na+
concentration. The correlations between Na+ concentration
and the zeta-potential in the measurement area show a
quantitave relationship in the mixing flow.
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Comparison of (a) zeta-potential profiles obtained from
nano-LIF imaging to (b) Na+ concentration profiles at z = 25
µm obtained from the numerical simulation in the
Y-direction at x = 100 µm.
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