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Abstract

Microchip systems for chemical and biochemical analysis, called Lab—on—a—chip or a micro total analysis system (u—TAS), have been devel-
oped for the last two decades. Lab—on—a—chip can integrate miniaturized experimental processes, such as separation, reaction and detection,
in micro channel networks on a small chip. In this paper, recent technological developments of microfabricated apparatus including pumps,
columns, detectors and spectrometers for organic chemical analysis were reviewed. Future possibilities of Lab—on—a—chip technologies in the

chemical industry were also mentioned.
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Figure 1. Photograph of a glass microfluidic chip (Institute of Mi-
crochemical Technology Co., Ltd. with permission).
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Figure 2. Growth of the literature concerning m—TAS and micro-
fluidics. Sciverse Scopus database was searched with the keywords
of “m-TAS” or “Lab—on—a—chip”, and “Microfluidics”.
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Table 1. Companies producing and commercializing microfluidics.

Company Foundation Country Detail
Institute of Microchemical Technology Co., Ltd. 2001 Japan Standard & custom—made chips, detectors
Fluidware Technologies Inc. 2002 Japan Standard & custom—made chips
Fuence Co., Ltd. 2002 Japan Custom—made chips
Microfluidic System Works Inc. 2010 Japan Custom—made chips
Micralyne Inc. 1982 Canada Custom—-made chips
GeSim GmbH 1995 Germany Custom—made chips, accessories
Epigem Ltd. 1995 United Kingdom  Custom—made chips
Micronit Microfluidics BV 1999 Netherlands Standard chips
thinXXS Microtechnologies AG 2000 Germany Standard chips
LioniX BV 2001 Netherlands Custom—made chips,
Microfluidic ChipShop GmbH 2002 Germany Standard & custom—made chips, accessories
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Figure 3. Photograph of a microfabricated device including dia-
phragm pump unit. Reprinted with permission from Ref[11].
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Figure 4. Photograph of the Lab—on—a—Disc. The 104 structures incorporated into a single CD (12 cm in diameter). Reprinted

with permission from Ref[12].
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Figure 5. Scanning electron micrograph of a cross—section of mi-
crochip separation channel packed with 3 um-sized particles. Re-
printed with permission from Ref[14].

Figure 6. Scanning electron micrograph of a cross—section of mi-
crofluidic channel containing monolith covalently attached to the
wall. Reprinted with permission from Ref[16].
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Figure 7. Scanning electron micrograph of a micro pillar allay col-
umn. Reprinted with permission from Ref[17].
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EOMEL. BMBERICHEEZTTIE IV I IXA—Ta rR
BN ARHT SN2, F U Ty S TEESLF
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Figure 8. Photograph of a MS chip. The dark pattern on the right
end of the chip is the electrodeposited metal for contact to the fluid
flow channel near the electrospray tip. Reprinted with permission
from Ref[25].

Figure 9. Photograph of a thermal lens microscope (Institute of
Microchemical Technology Co., Ltd. with permission).

Table 2. Detection methods for m—TAS.

Detection Sensitivity ~ Versatility =~ Derivatization
Ultraviolet + ++ NR
Electrochemical ++ + NR
Laser induced fluorescence +++ + R
Mass spectrometry ++ ++ NR
Thermal lens +++ +++ NR

R: Required, NR: Not required
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Figure 10. Scanning electron micrograph of microfabricated ion
trap arrays. All layers have been defined in tungsten and the struc-
ture has been released giving air gaps between trap elements. r =
1.0 mm. Reprinted with permission from Ref[32].

LERF Y Z7ORBORBIZFYrES Y —IRODZI v ¥ —%
BT ESTED BRI TH Do fhx R E GBS S
THEY, BHREB0], MERBRBI. 442 FF v TR32]
(Figure 10), RATHE R (TOF) E![33](Figure 11) & /X5 T
TA—IZEATVWS, FEBELRLYFUTELRSTH
0. REOREE T IUE. SHROTEES ST
&%,

(2) *¥F v 7 NMR

R HREHSL LTHROMBHLRY -V THSBNMR b 7
U—70% yF v TEOBmEVH D (Figure 12). 3 TITH
> 7 0 —'H NMR #ll%[34]. H-H COSY[35]% & D RIcilllsE
LMEESNTWE, BEEIFYES Y —ROKEHE»S,
ZIEAL, HROFKFEORBLIVIEAT S, fEELVDOH
ZHEII56nL TH Y. WH D LC-NMR D#1/1000TDH 5, &
EPERNZ LD E %25 NMR 2B W T, WEZHS L
THEAHRELZ LTS 2R3 Y ESY—NMRODO L H 127 A
7 BIfNVIZKBREOYUHENHGFTE S,

N, 774 Y7 IANGHICBT B, 20F 9 THH05
#%
BEO=Z—=ZXDLHWPLNR LI H I, HPLCED X H 2l

M e BRALE W AT/ L, Ka X MEizE<HI Lw

BB %, MEBEHARH ZSEICL LT EEZONG, &

NE TIEGHIIE BB R KB G E S LETH ). B

REEAR—ZDHIFNLHT SN eh ol LIL, 42

O F v THMINC & O 5 R EAMEAGRE T/NIC 2 ), £FER

BTHMEENEOND I %b00 Lk, EHIN

WEHEEFTOIA LT T %L, HIERORIEN A —
F7 Y WP DL THA ), T/ TRMIEREETHI

. SERTEITF vy 7o EREL T V54 Ve T

Takashi Tokunaga, Masahiko Okamoto

Figure 11. Scanning electron micrographs of the fully integrated
TOF micro mass spectrometer. Reprinted with permission from

Ref[33].

L] ,

H ‘
Figure 12. Scanning electron micrograph of a microfabricated
Helmholtz coil. Fluidic microchannels are seen on top and bottom

to interface spherical sample chamber with the external world. Re-
printed with permission from Ref[35].
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