
Abstract The features of analytical systems utilizing mi-
crofluidic devices, especially detection methods, are de-
scribed. Electrochemical detection (EC), laser-induced flu-
orescence (LIF), mass spectrometry (MS), and chemical
luminescence (CL) methods are covered. EC enables de-
tection without labeling and has been used in recent years
because of its low cost and sensitivity. LIF is the most
generally used detection method in microchip separations.
Use of LED as an excitation source for fluorescence mea-
surement was also developed for the purpose of miniatur-
ization of the entire system, including detection and sepa-
ration. Although MS enables highly sensitive analysis, the
interface between MS and micro channels is still under
examination. This review with fifty-two references intro-
duces interesting detection methods for microchip separa-
tions. Related separation methods using microfluidic de-
vices are also discussed.
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Introduction

Recently, analytical systems utilizing microfluidic devices,
called “micro total analysis systems” (µ-TAS) [1, 2, 3, 4,
5] has been extensively studied. They perform a series of
analytical procedures, such as pretreatment including sam-
ple extraction and derivatization, separation, and detec-
tion on a small microchip. The most attractive character-
istics of microchip separation arise from the size. Scien-
tific interest in µ-TAS derives mostly from the very fast
diffusion process. Diffusion effects are inversely propor-
tional to the square of the length. When the length of a

cube is 100 µm the mean diffusion time of small mole-
cules is about 5–10 s. When the length of the cube is re-
duced to one hundredth of the original (1 µm), mean dif-
fusion time will decrease to sub-milliseconds. This means
that reduction of the size of microchannels accelerates
sample–stationary phase equilibria and, accordingly, re-
duces height equivalent to a theoretical plate (HETP) in a
chromatographic process. Separation techniques on micro-
chips, such as chromatography, electrophoresis, electro-
chromatography, and separations in immunochemical as-
say, have great advantages over conventional systems. The
methods provide very rapid separation, versatile channel
designs, very small sample volumes, and low reagent con-
sumption. The acceleration of the molecular interaction
also makes the chemical process highly sophisticated.
One of the consequences of such reductions in size of the
microfluidic device will be the resulting demands on the
detection system. For example, the sample volume in con-
ventional microchannel devices is less than 1 nL and the
optical path length is as short as several tens of microme-
ters, therefore very highly sensitive detector hardware
should be constructed to analyze even modest concentra-
tions of sample solutions in the microfluidic system. Many
papers have been published on microfluidic devices. We
select and introduce some interesting detection methods
for microchip separations from among these papers and
also refer to related separation methods using microfluidic
devices from our own experience.

Electrochemical detection (EC)

Although common detection schemes for microchannel elec-
trophoresis are laser-induced fluorescence (LIF) or mass
spectrometry (MS), the high cost and large size of the in-
strumental set-up are sometimes incompatible with the
concept of µ-TAS. So the development of alternative de-
tectors that can be micro-fabricated on a chip has attracted
a great attention. Electrochemical detection (EC [6, 7, 8,
9]) has attracted great interest in recent years because of
its easy operation, low cost, selectivity, and high sensitiv-
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ity without the need for additional systems usually em-
ployed by other detection methods. There is no need for
the labeling demanded in LIF. Some excellent reports
were found on electrochemical detection of analytes sepa-
rated by a microchannel.

Fanguy and co-workers [10] developed an off-chip am-
perometric detector on a PDMS/glass composite micro-
chip and applied the detector for measurement of uric acid.
The nature of on-chip miniaturized electrodes limits the
ability to modify the electrode surface and periodic clean-
ing of the surface. As applications of the microchip devices
continue to expand, a surface modified electrode would
be necessary for analysis of trace levels of electrically ac-
tive materials. In order to develop a more versatile analyt-
ical system for the future applications they designed an
off-chip disk-working electrode. Figure 1 is a schematic
diagram of the microchip CE device. The chip was made
of PDMS/glass composite layers and the end of the flow
channel was cut into slanted cross section to enable loca-
tion of the platinum working electrode just after the out-
let. Using this microseparation system with off chip CE
detector linear responses from 1 to 165 µmol L–1 and 15 to
110 µmol L–1 were found for dopamine and uric acid, re-
spectively. The limit of detection for both compounds was
about 1 µmol L–1. The system was used to measure the
real sample. The concentration of uric acid in a dilute
urine sample could be measured in less than 30 s. The
measured uric acid concentration was verified with the
conventional uricase reaction method and found to be ac-
ceptable. Six additional urine samples were evaluated with
the microchip device and the uric acid concentration for
each sample found to be in the expected clinical concen-
tration range. This study will be readily applicable to prac-
tical use.

On the other hand, Galloway et al. [11] developed an
on-column contact conductivity detector for the analysis
of various mono- and polyanionic compounds separated
by electrophoresis chips fabricated in poly(methyl meth-
acrylate) (PMMA) using hot embossing techniques. The
detector consisted of a pair of Pt wires with an end-to-end
spacing of approximately 20 µm (located within the mi-
crochannel). The AC waveform was applied to the elec-
trode pair with a frequency of 5.0 kHz in order to reduce
the charging current from measurement. The AC current,
which is representative of solution conductivity, was
recorded at the end of one pulse. Since the detector mea-
sures the conductivity of the sample solution between the
electrode pair, it has general purpose use for samples with
conductivity different from that of the solvent. The amino
acids and peptides were separated by free-solution zone
electrophoresis. A calibration plot for free alanine was found
to be linear in the range 10–100 nmol L–1 in carrier electro-
lyte consisting of 10 mmol L–1 triethylammonium acetate.
The concentration detection limit was found to be 8.0 nmol L–1

(corresponding to a mass of 3.4 amol in a 425 pL sample
injection). The protein separations with conductivity de-
tection were performed using MEKC. Near baseline reso-
lution was achieved in the PMMA microchip for a solu-
tion containing eight different proteins. Also the C18-mod-
ified PMMA chip with the detector could detect DNA frag-
ments in capillary electro-chromatography mode (with a
carrier electrolyte containing an ion-pairing agent). The
detector is very versatile and very easy to operate. We
think the detector would be readily applicable to a variety
of fields in near future.

Zuborova et al. [12] applied conductivity detection to zone
electrophoresis separations of proteins on a poly(methyl
methacrylate) chip. Experiments were performed in the
cationic separation mode (pH 2.9) with a hydrodynami-
cally closed separation compartment and suppressed elec-
troosmotic flow. The test proteins reached the detector in
less than 10 min and their migration times showed good
repeatability (0.1–0.6% RSD values). Chip-to-chip agree-
ment of migration times was within 1.5% RSD. For con-
ductivity detection of protein, loaded on the chip at 10–
1000 µg mL–1 concentrations, detection responses were
characterized by 1–5% RSD values of their peak areas.
They showed reproducible baseline separations of a five-
constituent mixture (cytochrome c, avidin, conalbumin,
human hemoglobin and trypsin inhibitor). On the other
hand, a high sample injection channel/separation compart-
ment volume ratio of the chip (500 nL/8500 nL) restricted
resolution of proteins of very close effective mobilities,
despite use of electric field stacking in the initial phase of
the separation. The maximum macroconstituent/trace con-
stituent ratio attainable for proteins on the chip was as-
sessed for cytochrome c(quantifiable when its concentra-
tion in the loaded sample was 10 µg mL–1) and apo-trans-
ferrin (containing a trace constituent migrating in the po-
sition of cytochrome c detectable when the load of apo-
transferrin was 2000 µg mL–1). This assessment indicated
that a ratio of 1000:1 is attainable with the aid of conduc-
tivity detection on the present chip. The contact conduc-
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Fig. 1 Top view schematic diagram of the microchip CE device:
(a) platinum working electrode clamped by x, y, z translation stage,
(b) auxiliary electrode, (c) reference electrode, (d) PDMS/glass
layer, (e) glass base plate, (f) PDMS layer, (g) separation channel,
(h) glass layer, (1) buffer reservoir, (2) sample reservoir, (3) waste
reservoir, (4) detection reservoir



tivity detection provided a reliable and sufficiently sensi-
tive technique for monitoring the ZE runs with test pro-
teins in their work. However, they point out that interac-
tions of some proteins with the electrode surfaces cannot
be excluded and disturbances attributable to these interac-
tions can occur.

The next work is a simple and unique example of the
fabrication of a microfluidic system using laser-printed
polymer films [13] with a conductivity detector. Although
this is not a paper on the development of electrochemical
detection, we could easily understand an advantage of us-
ing electrochemical detection with polymeric microchip.
A conventional laser printer was used to deposit toner se-
lectively on a polyester film. The film was subsequently
laminated against another polyester film. The toner layer
binds the two polyester films and acts as a pillar to allow
the blank regions to form channels for microfluidics. The
channel could be easily generated by computer software.
The depth of the channel, which was determined by the
diameter of the toner particles, was about ~6 µm. Conse-
quently, approximately twice this depth could be obtained
by laminating two printed films. The resulting devices
were stable when exposed for 24 h to aqueous solutions of
H3PO4, NaOH, methanol, acetonitrile, or sodium dodecyl
sulfate. Electric tests with an impedance analyzer and mi-
crochannels filled with KCI solution demonstrated that:

1. wide channels suffer from deformation of the top and
bottom walls due to the lamination of the polyester
films; and

2. the toner walls were porous.

Although these drawbacks limit the maximum width of a
channel and the minimum distance between two channels,
the process is an attractive option to other expensive, la-
borious, and time-consuming methods for microchannel
fabrication. The process has been used to implement de-
vices for electro-spray tip and capillary electrophoresis
with non-contact conductivity detection.

Laser induced fluorescence (LIF)

The size effect, one of the most attractive characteristics of
chips, is because of rapid diffusion within small micro-
channels, and the effect is inversely proportional to the
depth (or width) of the channel. Although the size effect
enables high throughput analytical systems, the amount of
sample decreases concomitantly with size, so we need
highly sensitive detection methods. Among the several
detection methods, laser induced fluorescence (LIF [14])
is the most widely used and will be the first choice for de-
tection of microchip separation, despite its limitations
(only applicable for fluorescent samples or samples capa-
ble of fluorescent labeling). Nevertheless, LIF has now at-
tained its position of a standard detection method for mi-
crochip separation.

In order to perform high-throughput analysis for DNA
digests, continuous analysis of DNA restriction enzyme
digest on a micro-fabricated device was reported with

minimal intervention and enhanced time resolution [15].
A 62-base-pair fragment of dsDNA containing a KpnI site
was used as a sample to demonstrate this process. A fused
silica capillary was used in order to transfer sample solu-
tion from a single reaction mixture in the reaction vial to
a micro-fabricated chip with parallel separation lanes. The
6-carboxyfluorescein-labeled DNA fragments were de-
tected with a CCD camera as they separated in the lanes,
which were filled with linear polyacrylamide for molecu-
lar sieving. The products of the restriction enzyme digest
were monitored for up to 60 min at an average sampling
rate of 1 injection/46 s, with consecutive injections as short
as 1 injection/14 s. The digest was directly injected into
the chip by means of a robot, eliminating the need for any
sample-handling steps after addition of the enzyme to the
reaction mixture. The effects of temperature and restric-
tion enzyme concentration were also described. This pa-
per shows the potential of this method to provide useful
information about the process of restriction enzyme cleav-
age with high throughput.

Detection of DNA is not difficult because we can
choose several kinds of cationic intercalating agent for the
DNA strand that are fluorescent in the intercalated form
but not in the free form. The dyes are simply added to the
electrolyte. For protein, however, we have no such dyes.
Fluorescent detection of protein usually requires labeling
with an appropriate reactive fluorescent reagent. In SDS-
PAGE separation of proteins, however, Lin and co-work-
ers [16] found that use of nano-orange dye was feasible.
The analysis of proteins under denaturing conditions is
routinely performed with SDS-polyacrylamide gel elec-
trophoresis. The automated capabilities of CE, use of non-
gel sieving matrixes, and on-line optical detection by ei-
ther ultraviolet (UV) absorption or LIF promise to revolu-
tionize this method. Although direct on-line detection of
proteins is possible as a result of their intrinsic ability to
absorb UV light, LIF is a more powerful means of detec-
tion but requires pre- or postcolumn fluorescence labeling
of the proteins. The development of a procedure analo-
gous to that used for double-stranded DNA analysis, in
which fluorescent intercalating dyes are simply added to
the separation medium, would simplify size-based protein
analysis. This would avoid the complications associated
with covalent modification of the proteins but still exploit
the sensitivity of LIF detection. They demonstrated that
this is possible with CE and microchip detection by incor-
porating, in the running buffer, a fluorescent dye that in-
teracts hydrophobically with protein–SDS complexes.
The key to this is a dye that fluoresces significantly when
bound to protein-SDS complexes but not when bound to
SDS micelles. Comparison of electropherograms from
CE-based denaturing protein analysis with UV and LIF
detection indicates that the presence of the fluorescing
group does not alter separation of the proteins. Moreover,
comparison with electropherograms generated from mi-
crochip electrophoresis with LIF detection shows that
equivalent patterns can be obtained. Despite the non-opti-
mized nature of this separation system, a dynamic label-
ing procedure that enables LIF detection for proteins is at-
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tractive and has the potential to circumvent the tedious la-
beling steps typically required.

In recent years light-emitting diodes (LED) with very
high output power and shorter wavelengths have become
commercially available. Because LED are not very ex-
pensive and can be driven by low power, we can even use
them as a disposable light source. However, the band-
width of LED is usually 20–30 nm (half bandwidth) which
leads to difficulty filtering the LED light from fluores-
cence emission when the LED is used as a light source for
fluorescence measurement. Chabinyc and co-workers [17]
described an integrated fluorescence detection system in a
PDMS microchannel with a combination of a blue LED
(light source) and micro avalanche photodiode (µ-APD).
The prototype micro device consisted of a re-usable de-
tection system and a disposable microfluidic system. In
the first step a microfluidic channel was fabricated in
PDMS in which a multimode optical fiber (100-µm core
diameter) had been encapsulated. The tip-end of the fiber
was placed adjacent to the side-wall of one of the chan-
nels. The optical fiber was used to direct light into the mi-
crochannel for excitation of fluorescent analytes. The
photo-detector (µ-APD) was embedded in a slab (1 cm) of
PDMS. A thin (80-µm) colored polycarbonate filter was
placed on the top of the embedded µ-APD to absorb scat-
tered excitation light before it reached the detector. The
detection face of the µ-APO was placed below the mi-
crochannel orthogonal to the tip of the optical fiber, re-
sulting in fluorescence detection geometry. A blue LED
was used for fluorescence excitation. The detection limit
of fluorescein by the prototype was about 25 nmol L–1 (the
minimum detectable concentration of a solution of fluo-
rescein). The device was successfully used to detect the
separation of a mixture of proteins and small molecules
by capillary electrophoresis.

Other literature describing the use of LED is the report
by Uchiyama and co-workers [18]. They made an inte-
grated microfluidic device in polyester. A blue LED was
incorporated as a fluorescence-excitation light source into
a polyester microchannel chip fabricated by in-situ poly-
merization. Placing the light-emitting face of the diode
close to the microchannel obviated any need for an addi-
tional optical arrangement. Fluorescence from the sample
was transmitted by a multi mode optical fiber incorpo-
rated into the microchip perpendicular to the LED face.
FITC labeled amino acids were separated in the presence
of 5 mmol L–1 SDS and then were detected by LED-in-
duced fluorescence. Miniaturization of the detection sys-
tem, in particular, will be a hard obstacle to overcome.
The method, based upon in-situ polymerization on an ap-
propriate template, is expected to enable direct incorpora-
tion of components into the microchip. Figure 2 shows a
close-up view of the detection region in the chip. The
method will be useful for on-site separation analysis.

A microchip with both LIF and EC detection has been
developed by Lapos et al. [19]. Figure 3 shows schematic
representation of the microchip. Detection limits for
dopamine, catechol, NBD-arginine, and NBD-phenylala-
nine were 448 nmol L–1, 1.52 µmol L–1, 16 µmol L–1 and

28 µmol L–1, respectively. These two orthogonal detection
schemes enable analysis of a wider range of compounds
per separation, leading to higher throughput and enabling
resolution of two neutral analytes, NBD-arginine and cat-
echol. In addition, insight into the detection and separa-
tion mechanism is realized. Differences between migra-
tion times and peak widths for the two detectors were
compared, and provided better understanding of detector
alignment. A common problem encountered in electro-
phoresis is run-to-run migration time irreproducibility for
some samples. This novel microchip dual detection sys-
tem has been used to reduce this irreproducibility. An un-
known sample is monitored with one detector while a
standard is added to the sample and monitored simultane-
ously with the other detector. This dual detection method
is demonstrated to normalize unknown peak mobilities in
a cerebral spinal fluid sample.
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Fig. 2 Close-up view of the LED-IF detector in the chip. The face
of the blue LED is placed on the microchannel. The optical fiber is
placed perpendicular to the LED in the configuration for fluores-
cence measurement

Fig. 3 Schematic representation of the functional parts of the mi-
crochip employed. The laser beam for LIF detection is placed at
the channel outlet and the detection electrode is aligned ~55 µm
from the etched channel exit: (a) beam path, (b) working electrode,
(1) buffer reservoir, (2) sample reservoir, (3) detection reservoir



Mass spectrometry

CE–MS detection using chip CE has studied extensively
by many researchers [20, 21]. Increased interest in pro-
teomics and the analysis of biological samples present at
very low concentrations or, often, in limited amounts have
increased demands for this sensitive and highly valuable
analysis system [22]. Microchannel separations have great
advantages – including rapid and highly efficient separa-
tion of very small amounts of sample. Although the prin-
ciple of the MS detection by chip is the same as for con-
ventional fused silica, use of a chip adds merits of the
characteristics of the chip itself. Most chip-based devices
have been made from glass [23]. One detection technique
that attracts much interest is electro-spray ionization (ESI)
coupled with time-of-flight mass spectrometry (TOF-MS),
because of its ability to detect large bio-molecules with
high sensitivity. Many attempts have been made to devise
an interface between chip and ESI-MS [24, 25, 26, 27].
Almost all reports described efficient sample introduction
into MS spectrometer, i.e. much effort has been devoted to
establishing a well-defined Taylor cone at the exit of the
microchannel where the separated sample zone emerged.

A unique application of a microfluidic chip to CE–MS
determination was reported by Kameoka and co-workers
[27]. A polymeric microfluidic chip made of Zeonor 1020,
commonly used in the manufacture of compact disks and
digital video disks, was fabricated by means of conven-
tional embossing techniques to perform capillary electro-
phoresis for selected-ion monitoring and selected-reaction
monitoring mass spectrometric detection of small mole-
cules. The microfluidic channel was embossed in the poly-
mer from a silicon master. The embossed chip was ther-
mally bonded with a cover chip to form an enclosed chan-
nel. The channel (60-µm width, 20-µm depth, 2.0- and
3.5-cm length) enabled capillary electrophoresis (CE) sepa-
ration of polar small molecules without treatment of the
polymer surface. A micro-sprayer coupled via a micro liq-
uid junction provided direct electrospray mass spectromet-
ric detection of CE-separated components. An electric field
of 0.5–2 kV cm–1 was applied across the microspray. Figure 4
shows the configuration of microspray and microchip. The
chip was mounted on an x, y, z stage and coupled to the
microspray via the micro liquid junction formed between
the chip and sprayer. A separation buffer reservoir enabled
separation of carnitine, acylcarnitine, and butylcarnitine
with efficiencies ranging from 1650 to 18,000 plates. Injec-
tion quantities of 0.2 nmol of these small polar molecules
were separated without surface treatment of the polymer.
Abundant ion-current signals were observed and baseline
separation of these compounds was achieved in less than
10 s. These results might accelerate the use of polymeric
chip-based devices for ion spray CE–MS applications.

This work used make-up solution as a sheath flow. Al-
though the method had good sensitivity and robustness
and enabled analysis without cross-contamination, the
drawback was the increased dead volume, with subsequent
disadvantages for real applications.

To overcome these problems Svedverg and co-workers
[28] developed a sheathless electrospray constructed from
polymeric microchips with conducting layer on the emit-
ter tip. The electrospray emitter tips were fabricated di-
rectly from the end of the microchips that were made of
polycarbonate or poly(methyl methacrylate) with injec-
tion molding. A variety of tip shapes and conducting coat-
ings were evaluated using an electrospray TOF-MS run in
the sheathless mode. Stable electrospray was obtained
both from hand-polished and machine-milled three-di-
mensional tips coated with either polymer-embedded gold
particles or graphite particles as the conducting layer. The
relative standard deviations of the response received from
the ion current of the MS analysis were in the range
3.5–12%. The detection limit for a standard mixture of
five neuro-peptides was lower than 0.5 fmol. The low de-
tection limit makes the emitter tips highly attractive for
the analysis of low-abundance biological species.

Tachibana et al. [29] described a robust and simple in-
terface for microchip electrophoresis–MS. A spray nozzle
was connected to the exit of the separation channel of the
microchip by use of a polyether ether ketone screw with-
out glue, allowing easy replacement. ESI voltage was ap-
plied through a liquid junction, because the conductive
coating on the spray nozzle had an extremely short life-
time. Liquid flow and sample injection were performed
solely by control of the applied voltage. Using this instru-
mental set-up a few basic drugs were separated by chip
electrophoresis then direct ESI sample injection. They
found that the separation efficiency was improved by us-
ing a high-viscosity separation buffer and spray nozzle
with a small bore size (20 µm), probably because of a
change in the flow profile in the spray nozzle. The system
was then successfully applied to the separation of peptides
and protein–trypsin digests.
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Fig. 4 Configuration of microspray and microfluid chip. The chip
was mounted on an x, y, z stage positioner and adjusted to form an
optimized microliquid junction: 1. bonded microchip, 2. x, y, z
stage, 3. sample, 4. buffer reservoir, 5. waste, 6. +3000 V, 7. to MS,
8. make-up solution, 9. nebulizing gas



Chemical luminescence method (CL)

Many advantages of CL detection in conventional CE
have been reported [30, 31, 32]. The method can achieve
highly sensitive CE detection at the single-molecule level
[33] and has a wide dynamic range of responding signal
intensity. The most attractive characteristic is the simple
instrumental set-up, i.e. there is no need for a light source,
although the method requires optimization of the interface
with the CL system for the specific sample separated.

Liu and Terabe [34] reported a CL detection system in-
tegrated with microchip capillary electrophoresis fabri-
cated in PDMS. Two model CL systems were involved –
the metal-ion-catalyzed luminol-peroxide reaction and the
dansyl species conjugated peroxalate–peroxide reaction.
Different strategies based on three chip patterns (cross,
cross combining with Y, and cross combining with V) to
perform on-line CL detection were evaluated and com-
pared in terms of sensitivity, reproducibility, and peak sym-
metry. The chip pattern of cross combining with Y proved
to be promising for the luminol-peroxide CL system
whereas the chip pattern of cross combining with V was
preferred for the peroxalate–peroxide system. A detection
limit down to sub-micro molar concentrations was achieved.
Successful separation of three metal cations such as
Cr(III), Co(II), and Cu(II) and chiral recognition of dansyl
phenylalanine enantiomers were accomplished within 
1 min.

Although the next discussion is not about microchip
electrophoretic studies, many useful results for CL detec-
tion are shown. Marquette and Blaum [35] reported self-
contained reactant biochips for electro-chemiluminescent
determination [36, 37, 38] of glucose, lactate and choline.
The sensing layers were composed of enzyme-bound beads
co-entrapped in a photopolymer with luminol charged
beads. The layer was formed to spot them at the surface of
a glassy carbon electrode. After optimization of the ap-
plied potential, the integration time and the luminol
charge in the sensing layer, the electro-chemiluminescent
H2O2 sensor had a detection limit of 2 µmol L–1. The sen-
sor detects glucose, lactate, and choline in the ranges
20–20,000 µmol L–1, 2–200 µmol L–1 and 2–200 µmol L–1,
respectively.

Yakovleva and co-workers [39] also describe a micro-
fluidic enzyme immunosensor with immobilized protein
A and G which uses chemiluminescence detection. Affin-
ity proteins were covalently immobilized on silicon mi-
crochips comprising 42 porous flow channels 235 µm
deep and 25 µm wide. The chip was used to develop mi-
crofluidic immunosensors based on HRP, catalyzing the
chemiluminescent oxidation of luminol with p-iodophe-
nol. The silica surfaces were chemically modified to attach
protein A or G. The chip itself is multi-parametric for glu-
cose, lactate, and choline. The protein G-based immuno-
sensors were regenerated with 0.4 mol L–1 glycine–HCl
buffer, pH 2.2, with no loss of activity observed for a stor-
age and operating period of over 8 months. The im-
munosensor was applied to the analysis of real samples;

protein G immobilized microchips were used to detect
atrazine in surface water and fruit juice spiked with
known amounts of the atrazine. The recoveries were 87–
102 and 88–124% at atrazine fortification levels of 0.5–3
and 80–240 µg L–1, respectively.

Other detection method

New proposals for detection on microchips were found
that do not belong to any category above. Although UV
absorption measurement is not very sensitive among the
detection methods used, it is the most widely used in
HPLC and conventional CE, because of its convenience
and stability and the range of samples detected. There are,
however, few instruments commercially available for ab-
sorption measurements in chip experiment, researchers
should prepare the absorption measuring system because
of the flat shape of the microchip and optical geometry of
the instrument.

Lu et al. [40] developed a microscopic absorption mea-
surement system utilizing green LED as a light source
[41] and applied it to the separation and detection of trini-
troaromatic explosives. A CE microchip was applied to
the separation and detection of three trinitroaromatic ex-
plosives, 1,3,5-trinitrotoluene (TNT), 1,3,5-trinitroben-
zene (TNB), and 2,4,6-trinitrophenyl-N-methylnitramine
(tetryl), in the presence of ten other explosives and explo-
sive derivatives in non-aqueous electrolyte (acetonitrile–
methanol 87.5:12.5 (v/v), 2.5 mmol L–1 NaOH, 1 mmol L–1

sodium dodecyl sulfate). Chemical reaction of bases, hy-
droxide or met oxide ions, with trinitroaromatic com-
pounds forms red derivatives. The color was detected by
use of a green LED on the microchip. Two surfactants
bearing opposite charge, cetyltrimethylammonium bro-
mide (CTAB) and SDS were compared with regard to
their effect on separation times, detection limits, and re-
solving power. All microchip separations were achieved
in <20 s. When microchip separation was coupled with
ex-situ solid-phase extraction the detection limits for these
three explosives in seawater were: TNB, 0.25 µg L–1;
TNT, 0.34 µg L–1 and tetryl, 0.19 µg L–1.

Soh et al. [42] developed a surface plasmon resonance
(SPR) sensor for 2,4-dichlororphenol, a known precursor
of dioxins. The SPR [43] sensor was applied in biological
measurements of a variety of important compounds. In
this report it was used to monitor 2,4-dichlorophenol by
use of an indirect competitive immunoassay. The SPR
sensor was fabricated by immobilizing a thin gold layer
on the surface of an SPR sensor chip with an anti-(2,4-di-
chlorophenol) antibody using a gold binding polypeptide
(GBP) and protein G. The SPR response based on the
antigen–antibody reaction in a flow system was measured
by injecting a 2,4-dichlororphenol sample solution into
the flow system in which the SPR sensor was located. In
a direct immunoassay system using the modified sensor
chip, no significant SPR angle shift less than 0.001° was
observed for 25 ppm 2,4-dichlorophenol solutions, because
of the insufficient mass near the surface of the gold. To
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improve the sensitivity of the SPR sensor 2,4-dichloro-
phenol was conjugated with bovine serum albumin (BSA)
to make a large molecule for an indirect competitive im-
munoassay method. In the assay 350-ppm 2,4-dichloro-
phenol–BSA conjugate solutions containing different con-
centrations of 2,4-dichlorophenol (10–250 ppb) were in-
jected into the SPR sensor system. The competitive im-
munoassay was found to be extremely sensitive. A detec-
tion limit of about 20 ppb was estimated. Verification that
use of GBP to immobilize the antibody on the sensor chip
enhanced the sensitivity to 2,4-dichlorophenol was ob-
tained by comparing the procedure with another modifica-
tion, in which BSA was used instead of GBP for immobi-
lizing the antibody on the sensor chip. The affinity con-
stant of 2,4-dichlorophenol and its conjugate to the anti-
body were estimated from the SPR response. Although
this report describes application of SPR to an immunosen-
sor, it will be readily applicable as a universal detection
method for microchip separation. Sample needs not be
fluorescent or UV–visible light absorptive, but should
have a refractive index different from that of the carrier
solution. Moreover, because SPR probes a solution in a
very limited region in the vicinity of the gold surface (less
than 1 µm; twice the wavelength of the probe beam), sen-
sitivity in SPR measurement is constant, irrespective of the
size, especially the depth, of the microchip. The method
will therefore be a good choice for the detection of large
molecules such as proteins, polysaccharides, or their de-
rivatives.

The thermal lens method is a type of photo-thermal
conversion spectroscopy, with high sensitivity. Kitamori
and co-workers [44] developed a thermal lens microscope
(TLM) that achieved the thermal lens method under the
microscope for the first time. TLM has detection capabil-
ity of approximately 10–8 (Abs) for a 10-µm light path
length. This method is 1000 times more sensitive than ab-
sorption spectrophotometry. Under ideal conditions, deter-
mination of non-fluorescent molecules has also been achieved
at the one molecule level [45, 46]. TLM is an ideal
method of detection for microchip systems [47, 48, 49].
TLM, however, entailed use of a large-scale laser, many
optical components, and a microscope on the isolation
stand for optics, and so was a very large-scale detection
system, had no portability, and needed special operating
technique. A desktop-sized thermal lens microscope (DT-
TLM) with high sensitivity and wide applicability has re-
cently been developed [50]. The utility of the DT-TLM
compared with that of the large TLM has been remarkably
improved by simplifying the optics and optimizing the op-
tical configuration. The quantitative limit of determination
estimated from the standard deviation (2σ) and the value of
detection limit from the signal-to-noise ratio S/N=2 were
1.10×10–8 and 8.27×10–9 mol L–1, respectively. These val-
ues are almost the same as for the large TLM. DT-TLM
has excellent characteristics in terms of sensitivity, gener-
ality, convenience, and portability as a detector for mi-
crochip systems. In the thermal lens method if the analyte
has photo-absorption labeling is unnecessary. Direct ob-
servation on the cell [51] or in the cell [52] is also possi-

ble. Application of thermal lens method to a variety of
fields is expected.

Conclusions

The original methods of detection of samples separated on
microchips were only LIF or special instrumentation. Af-
ter rapid developments in microfabrication technology
and their analytical applications, however, researchers can
now choose any detection method suitable for their pur-
pose. Progress in fabrication technology and detection
methods connected with separation techniques are insepa-
rable from the widespread application of micrototal analy-
sis. Further progress is expected in the field to make the
analytical system more versatile and sensitive and to in-
crease throughput.
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