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Development of miniature key devices for flow analysis and their applications
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Micro or miniature devices have been developed for flow analysis to obtain excellent perfor-

mance.

Some kinds of devices that we have developed are discussed in this paper.

One of the

advantages of miniaturization is a small reagent consumption and a field affordable size for

“environmentally-friendly environmental analysis”.
the operational usefulness, but also for the performance of the instrument.

The miniature device is better for not only
For example, a per-

fect collection efficiency is obtained in an electrochemical detection system microfabricated in a
thin-layered walljet cell, and incubation is not needed in an enzyme-immobilized capillary cell.
A small heat capacity is necessary for thermal detection, and a high-performance thermal sensor
for flow enthalpimetry has been developed using a small stainless steel capillary. A gas diffusion
scrubber has also been miniaturized so as to be placed into a flow system. The small diffusion
scrubber has a large surface-to-volume ratio so that the sample gas is highly accumulated into the

absorbing solution.

The solution volume of the diffusion scrubber is same as that of the sample

loop of FIA-sample-injector, and the scrubber is suited for being combined with the conventional
flow injection system. Near real-time measurements of atmospheric gases have been conducted

with miniature gas diffusion scrubbers and flow injection systems.

In addition, novel collec-

tion/detection cells were developed for measuring atmospheric gases in-situ in a cell using the

stopped-flow method.

Keywords :
atmospheric gas measurement.
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Fig. 1 Micro-FIA device fabricated in 2 cm X 2 cm sil-
icon/glass chip

Actual fabricated device is shown in the pictures. The
middle and lower schemes are cross-sectional view of
the device and flow diagram, respectively. In the mid-
dle panel, the silicon substrates are shown with hatch-
ing and the non-hatched indicates a glass substrate.
C: carrier solution; R: reagent solution; W: waste;
S: sample solution; SW: sample waste; PAP: piezo-
electric actuator for pumping; CV: check valve made
of polysilicon; PAS: piezoelectric actuator for sample
injector; P: pump; D: detector. Reagent line and
detector which are surrounded by dashed lines are for
the future plan.
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Fig. 2 Scale effect of IDAE on their collection effi-

ciency and amplification rate

The abscissa indicates the average diffusion length
defined as W, + W./4. O@®: from reference (29);
[ /M from (23); &A: from (24); VV¥: from (26);
O from (27). These data were obtained in the
redox reaction concerned with Fe(CN)s' 7>".  The
open and solid symbols indicate the collection efficien-
cy and amplification rate, respectively.
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Fig. 3 Structure of TLWJRDE

a) Electrode-substrate, b) structure-chip, ¢) combina-
tion of the two plates, d) cross sectional view of the
combination, e) photograph of the completed device.
The disk electrode (2 mm in diameter) and the ring
electrode (2.2 mm and 5 mm in inner and outer diam-
eters) were arranged concentrically on the electrode-
substrate. Etching of the structure-chip formed the
cavity for the sample reaction on the electrodes and
the radial flow ways. The solution is introduced from
a hole on the structure-substrate and spread over the
electrodes, and subsequently flows out from the cavity.
An eyelet was connected to the structure-chip to intro-
duce sample solution, and enameled wires were con-
nected to the bonding pads with Ag paste.
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Fig. 4 Collection efficiencies of the TLWJRDE as
function of flow rate

The gaps of the TLWJRDE were H53 @78, ¥10.6,
A 16.5 and 9 50.0 um, respectively.
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Fig. 5 Needle sampler/reactor (a) and flow diagram
of the electrochemical enzyme immunoassay system
(b)

SC: 10 cm fused-silica capillary; SSN: stainless-steel
needle; SG: silicone glue; DN: disposable injection
needle; V1 and V2: six-port valves; SL: sample loop
for electrode check; EC: electrochemical cell; EA:
electrochemical analyzer; PC: personal computer;
SP: syringe pump; CA: capillary device; S: IgG sam-
ples; RS: rinse solution; ALP: alkaline phosphotase-
conjugated anti-IgG solution; PAPP: p-aminophenyl-
phosphate solution; RA: removing agent; ECS: elec-
trode checker solution ; RB: running buffer bottle
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Fig. 6 Calibration curves (a) and blood sample test
(b)

In the panel (a), symbols ll, @ and A are obtained
with 1 min sampling, 1 min sampling plus 9 min
immunoincubation, and 10 min sampling, respectively.
Each blank value is shown as an outline mark on the
left. In the panel (b), symbols O indicate standard
IgG data for calibration curve. After whole mouse
blood was diluted 100 times with PBS in 0.05% NasN,
standard IgG was added to be 0 (&), 10 (4) and 100

ugml ' (W),
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Fig. 7 Thermal flow sensor using a thermal sensitive
resistance wires (a) and flow diagram of the flow
enthalpimetry (b)

SST: stainless steel 304 capillary tube (0.88 mm od X
0.15 mm t X 100 mm I); TSR: thermo-sensitive resis-
tance coil (Ni 70%, Fe 30%, ¢0.18 mm, 240Q ft ' at
25T, temperature coefficient 4400 ppm K ', coated
with 4 um polyimide for electrical insulation); CB:
carrier solution bottle; RB: reagent solution bottle;
NV: needle valve for flow rate control; HEC: thermo-
equilibrium coil; I: six-port sample injector; RC: re-
action coil (15 cm); SEN and REF: thermal sensors.
All tubes are 1 mm in inner diameter.
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Fig. 8 Gas diffusion scrubber and fluorescence detector

M: gas permeable membrane tube; J: jacket tube; F: monofilament; T:
liquid outlet; GI: gas GO: gas outlet.

spacing tube; TT: Teflon tape; LI:

liquid inlet; LO:
cross-sectional and top views of the fluorescence detector.

tee; IT: inserting tube; ST:
Right-hand is

PD: photodiode; LED: blue LED; F: plastic

color filter ; AF: Teflon AF tube cell; IV: current-to-voltage converting circuit board
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Fig. 9 Flow injection gas analysis system

P: dual peristaltic pump; I: 6-port injection valve ;
RCI and RC2: reaction coils which temperature is
maintained constant by heater H, thermocouple TC
and temperature control unit TCU; CC: cooling coil ;
D: absorbance or fluorescence detector; BPC: back
pressure coil; CB: carrier solution bottle; RB:
reagent solution bottle; WB: waste bottle; DP:
debubble port; V1 and V2: 3-way solenoid valves for
liquid flow and air flow, respectively; F: air sample
inlet filter; DS: diffusion scrubber; AP: miniature air
pump; FM: air flow meter. Dashed lines indicate the
air flow lines.
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Fig. 10 Response curves for HCHO test gas and mea-
surement result of atmospheric HCHO level

(a) 0 to 50 ppbv HCHO was introduced into the mea-
surement system. MBTH carrier solution and FeCls
reagent solution were flowed at 0.2 ml min . (b)
Atmospheric HCHO and NO; data for a week from
October 28 to November 3, 2003. O: NO; level; l:

1

HCHO level; dashed line: daylight time in minh ;
bold solid line in the right-below: rain fall in mm h ™'
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Fig. 11 Data obtained by hybrid microfabricated SO;
measurement device

(a) Typical response curves obtained by miniature gas
diffusion scrubber coupled with a conductivity detec-
tor operated in the stopped-flow method. (b) Field
test data obtained at Kusasenri in Mt. Aso on April 11,
2002. Circles indicate 3-min resolution SO, data
obtained by our instrument. The solid line repre-
sents SO; data obtained with conventional conductivity
instrument with 1-h resolution. Panel (c) shows con-
currently measured HsS concentration by our flowme-
try with a scrubber and fluorescence detector which is
shown in Fig. 8.
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LED2

Fig. 12 Schematic diagram of the NOs collector/detector system

Liquid was made to flow by gravity, and flow ON/OFF was controlled by solenoid valve, SV.
RB: reagent bottle; SL: soda lime column; TT: Tygon® tube (0.8 mm id X 2.4 mm od); T:
plastic tee; MT: 2 mm i.d. X 3 mm o.d. Poreflon® tube; W: waste; GI: gas in; MF: miniature
(Mb) fittings; GO: gas out; SM: silicone sealant; LED1,2: green and IR LEDs; OC: optical
fiber coupler; SOF: small optical fiber (core 0.5 mm); SF: large optical fiber (core 1.5 mm),
source fiber; DF: detector fiber, B: PVC block, C: PVC cover plate; PD: photo diode/op-

amp
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