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A recent microfabrication technology opened the new application field such as micro total
analysis systems (Micro TAS) or microreactors. These systems employed physical characteristics
provided by the liquid microspace, involving short diffusion distance, large surface to volume
ratio, or small heat capacity. In contrast to these works, we focused on the chemical functions
of highly-selective molecular recognition molecules or functional dyes of which we have been
developed, to be integrated into microfluidic chemical sensing systems. The present paper
describes our recent results concerning chemical sensing systems based on microfluidic devices.
Here, a multi ion sensing system based on the intermittent reagent pumping and ion-pair extrac-
tion, a new biosensing scheme based on the enzyme-immobilized polymer membrane, and a
novel multi ion sensing scheme based on capillary-assembled microchip, are presented.

Keywords : chemical sensing; ion sensor; microchip; microfluidic device; micro total analysis
systems.
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Fig. 1 Concept of sequential ion-sensing system using single microchip
Reprinted with permission from ref. 19, Copyright 2001 American Chemical Society
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Fig. 2 Glass microchip used in this study
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Fig. 3 Position dependence of thermal lens signal
intensity upon introduction of butylacetate containing
KD-A3 and valinomycin, and 107° M potassium ion
solution

Error bars indicated the variation of TLM signal dur-
ing the measurement. Plots were the averaged signals
obtained in the experiment. Reprinted with permis-

sion from ref. 19, Copyright 2001 American Chemical
Society
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Fig. 4 Response profiles obtained by segmented flow injection of organic phase.

phases were fixed at 2 minutes

Introduction times of organic

Reprinted with permission from ref. 19, Copyright 2001 American Chemical Society
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Fig. 5 Introduction time dependence of the TLM
signal measured at the organic phase, 166 mm down-
stream from the confluence point

Reprinted with permission from ref. 19, Copyright
2001 American Chemical Society
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Fig. 6 Response profiles for different aqueous solu-
tions obtained by segmented flow injection of organic
phase

(a) Aqueous solution containing 107*M KCl. (b)
Aqueous solution containing 10" M NaCl. (c)
Aqueous solution containing both 107 M KCIl and
10 *M NaCl. Introduction times of organic phases
were fixed at 2 minutes. Reprinted with permission
from ref. 19, Copyright 2001 American Chemical
Society
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Fig. 7 General idea of polymer membrane formation
under organic/aqueous two phase flow in an X-shaped
microchannel

Reprinted with permission from ref. 22, Copyright
2003 American Chemical Society
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Fig. 8 Channel patterns and top and cross-sectional
views of the nylon membrane prepared inside the
microchannel

Reprinted with permission from ref. 22, Copyright
2003 American Chemical Society
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Fig. 9 Sequential photographs showing an air bubble
passing through one side of microchannel separated
by the nylon membrane 3D structure

Reprinted with permission from ref. 22, Copyright
2003 American Chemical Society
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TLM detection
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Fig. 10 Ammonia species permeation experiment

(a) Schematic illustration of experimental system.
(b) Time course of the TLM signal just after stopping
the syringe pump. Reprinted with permission from
ref. 22, Copyright 2003 American Chemical Society
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Fig. 11 Substrate permeation and
enzyme reaction experiment

subsequent

(a) Schematic illustration of experiment system. (b)
Time course of the TLM signal just after stopping the
syringe pump (for details, see the experimental sec-
tion). TLM detection points (A) and (B) indicate
detection points in the microchannel separated by the
inner channel membrane, shown in Figure 11(a).
(A) Enzyme immobilized side. (B) Hydrogen perox-
ide supplying side. Control 1 and 2 were obtained at
the detection point (A). Reprinted with permission
from ref. 22, Copyright 2003 American Chemical
Society
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Fig. 12 General concept for fabricating CAs-CHIP by
embedding square capillaries into the lattice
microchannel network

Reprinted with permission from ref. 32, Copyright
2004 American Chemical Society

4 FY¥F)—TEVTNVF- -4 70F» 7T
KON F Ly v 7™

4.1 [FUBIC

hETORA 7 aFy TERIMEEY X7 A 0%
i, BRI A Z70F v AV L) RN 2B AR
THWEMEE o TIREEESE, K& RIREHE, D
IRBMEELRYEY) IFHL, BELRE - b - 5%
EOftE TR EER L DOTHo72. FnixiL,
AR, EREES T OROILFM L B2 BT 5
A raFy TEBIES A F LAOMEIIER SN
B, R4 705y THBEICOLWEHME LT,
Nature 38, Science 86212 Xb L TWAE™™, Zh s onfse
i, 7 MVVTTT4— SRS TR DT
ErH, 4705y THOREOMNE TCEHBESFO
VERRNEELZERALLZLOTHY, SEEOLFE
e BE T ENITERNEFEAEIZ L 1L 70 £ 2 DR
#L, HEHVE, EROFLETEbh TW L%
BAEZENTELLEHBEINTYS, LIALLEXES, oh
LOKFBIIHEBREOERICEIBO TEY R HETH S —
F, SREERICBCCIIERBMMICRNEL B 5. %

KAGAKU Vol. 54 (2005)
b, TAOOFETR, Fyv 2 Vvo—8iLFEait
BHEIZD TRTOF v 2" RS T E5H ATl
23T EBEIAWETH 5720, SHEOILFER
EErEETAIHAICE, BMICEBLIh5F L 2 Ml
HUBOG FOBEIRE->TLEWY, a7 3%—-V s
L BBERESIEKERRIEE RS, Lo T, IR
HLOFEITED L [HBIBER] (IHWMMIERENTD
D, BELLEUEELF Y 7CTEBRYT S FTHROTREW
GREEEZOND.

ZITEBELIITORE, HrLwfbegitg~1 7o
FoTELT, LEBHAEF Y S ) - BTRF ¥ £
VAw bT—2%FTEHR) I XFVaxd >y (PDMS)
TIv b7 —hElAELYES ‘FYES)—--TF
T <4705 v 7 (capillary-assembled microchip,
CAs-CHIP)” 2 ZHR L 7. THIIIEHERE oM+
YET)—-0MHlo-SBEFRUE - BEE2AT 5120
F x A% PDMS EITHEFIRICIER L, NEEIALZEH
EHRLAAR I Y AXFYES Y —2ULBELERIZAY ML
THERBICEDALIET, 70y 7 2#A TS
INALEBEEEE A 70 F v THBETEBLWVIHIBD
THb (Fig. 12). TOHETIE, LEEOLEBIEER
DRE, P OSHRBEL &OM/NEERT /S 4 2 DK%
HHIRETHL I EHh 0, TNETRRETH 2 LF
PEESRFE T v THEFIIADIREREDT A A TEBTE
. T, AF I yT, BE - RIERIGR EO{LE
BB vy €5 —NBHI 532 FBIISHMOh TS
D, ERLERLEE L AT LOBENPEFETEXE. &
2, RWEREBHiF v S —%Ay PLTHED, W)
FErs, RROBECHLTCLMEIFTS. 22T
13, CAs-CHIP DEBLE R U EHObEy vv F¥ %
Vo) —fEBICEDL N F Y U 7 F v FERL L,
CAs-CHIP OIEHBIZ DV TR 5.

4+2 CAs-CHIP D{E®

CAs-CHIP (Z¥ 7K PDMS B~ ARIF v 5 1) —H
DAL o TR T 5. Tk PDMS R OEEIT K
DEBYVTHE., ¥4 07V —%HNTH I AEREI
T, BE300um OFEZ Y v F 1 mm OB TIRICERL
PDMS E— V571 7% 2EE N RTZ&I2L Y, BTFIK
Fx A NE PDMS~NEE L CER LA, 2 2I2HT 100
H BV 50 um (A48 300 um) DILEBEHARE v ¥ 5
V-2 MOAALRE, HHL RV PDMS F ¥ 2IVITIE,
WK PDMS £/ v —%{EA - B{L S ARFYES )
= (77 7F%+v 7)) ZEORAAY., ARFL LS
— @A OIS ERIZEA TR\, PDMS ~N#ED
AATZE, WBTOBRBIAPELL I LB TFHIENS, &
%u@wﬁAﬁaca,Eﬁummmﬁgﬂtrﬁﬁﬁ

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

A L AA x4 70Fy TEHOCLIEHEAL LS D 270 A7 LA DORTE 275

Before bonding (
100um ‘

*

2 300um

=4 :Square capillary (100pm)

i xww ;"I

i == :Plugged capillary (50um)
Without capillary ~ With embedded capillary

After bonding
Glass slide

/ PDMS \

Fig. 13 Typical cross sections of 300 um and 100 um
channel (capillary) before and after bonding spin-coat-
cd PDMS prepolymer plate

Reprinted with permission from ref. 32, Copyright
2004 American Chemical Society

100um

W 595 LROBIEAME S vz, @EoR >
P TIRERENREREILCLE S, FIT
PDMS £/~ —4% A y2— L7 H T A% L

Fig. 14 Microscope images of typical channel struc-
tures at crossing points

(a) Through channel.  Two channels are blocked by

ThH, LwHy ik kol h, TRTOEM %ﬂﬁ&) A plugged capillaries to form a straight channel.  (b) T-

SLEHNTE, ROV A s OFy TEERY Lk junction.  Two open Fapillgr‘ies face each (Tlhcr (left

and right). The top side of PDMS channel is blocked

- i T - . - ey = 1 . > e A .

L7 (Fig. 13). SOJETERLZZF v fL/8y by a plugged capillary. (c) Straight connection

— Y OF % Fig. 14 \TRT. RKETEHREBEFYET ) — & between 300 pm PDMS channel and 100 pm glass

SRS —RHALGbED D LT, FIZERAR Chanvnel (inl)illar*}r), . lief"l -Aauvxd righl: chamiels ar?

) blocked by plugged capillaries. Reprinted with per-

BN WA C/EBLBECTH S, LA MEIRIE O 2 Huw mission from ref. 32, Copyright 2004 American
TWB b, 2WOEHEIIHE VT A 7 0o Chemical Society

i Th L LM RAFEL 25 (Fig. 15).
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>7?77®¢§ B35 Z L TEEER L. PEG /A FOr Vol

Z Tt CAs-CHIP O b B2 is o & LT, &, pHIZRET 2704 LA YAV FF T H— b
;m,fﬁyﬁ' WISBT A v A BM L2 A (FITC) LR TFL Y4 IVORGHERISK) L FL >
By vy U5 -2 LHEERL, ZAO5E2HORALIL yya—nI 7oy L—b, EEMEGR, KEMAER
Frr vy IFy TOMRERERM MR PR EFREMERE L, ShemBldsy ¥5 ) —128A, §l&
HZALEZRAVDEA Ty —f0KFE LT, it B RBREAR, 80T T2HFMMAT LI E TN, 1
FENEAE =L (PVC) BEELA 4 2 B IRMEE 7 b— P, FOVEENEEZEE L, Ry E5 ) —NEKRTHRE L

Fr, Wkt r Py I AN AL WA pH - TRUSAEZRELE., ZhoodFvET) —% [ ~2
oREFIELT, RYZFLrZYa—n (PEG) N4 F  mmil#hy L, & TRPDMSIZHODRAATT VF L
04V R A NSD 100 um O FAELF v E 5 ) — ISR Py rFy TERERL. Fig 16124 4 VEREA T T
oo AF VEPWES T b FIEOBE, @BEIREA 4 /% — FESHSiF v €5 - RO PEG A Fo iyl g st

T (Cat), IREEGEaERS T, PVve, WK E T FYET)—OHEGEHERT. AKX ET ) —HEBET
Mo e ka5 (THF) ZEBRL, BEHERE L. OFEARTIE, BMERZEALTERZMESL E, itk
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Bufferﬂ:i;:i.. —=-—=—Coumarin 343 solution

Flow Rate
(pel / min)

0.1

1.0

5.0

20.0

-

100pm

Fig. 15 Design of the T-junction type microchannel
and typical fluorescence micrographs obtained 300 pm
downstream from the T-junction, and inside the con-
nected 100 pm capillary, when a fluorescent solution
and an aqueous buffer solution are mixed at the T-
junction with different flow rates

Reprinted with permission from ref.
2004 American Chemical Society

32, Copyright

O BAR THIFF IR O BB ARG AW 5. L7z T,

ZOIRETHRLGER, HHVIEEMLELHSEL 2 L1
lof,m@$*t7u~wm®mﬁ_&ﬁ16pt#f
& 5. Fig. 16 O L% (Fig. 16 /) T, wihoX
YETY =L AMF v ¥ 5 ) —NEED M OFRI - T
PRI TBY, EAMHS L (Fig. 1641) »5, L

D EATF ¥ A NVOEBIIESER EN T WD Z & hY)
hH. TITEWTEAPVCEERA A 222 T,
PEG A Fu Vil pH & > o v ZRo 8D L 7.
KIS, CAF RO pHE Y Y o F v 5 — %
DAAREF 2T VY v Fy TRAERL /2. Fig. 17
WAER L 725y TROFENEFNROISEMBEZRY. ALY
T AAA YR pH NDIBERERPIE, FhEh 107
~1M, pH4~9 TH-7:. ThEHMEF v T THY %
R IZMEOREEL 1 OF v TIHERBL
7HT, WO TERFCHETH S

KAGAKU Yol. b4

(2005)

(a)

(b)

100;1mJ

Fig. 16

Top and cross sectional fluorescence images
of PVC membrane-attached square capillary (a) and
hvdrogel-attached square capillary (b)

Reprinted with permission from ref. 32, Copyright
2004 American Chemical Society
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Fig. 17 Dual sensing chip and calibration curves

(a) Design and photograph of the dualsensing chip.
(b) Calibration curve for pH. (c) Calibration curve
for calcium ion. (Reprinted with permission from ref.
32, Copyright 2004 American Chemical Society
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