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Fig.1 Schematic diagram of ICP enrichment principle
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Fig.2 Schematic structure of straight channel microfluidic ICP chips
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Fig.3 Schematic structure of parallel microfluidic ICP chips
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Fig.4 Integrated multifunctional microfluidic ICP chips
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Table 1 Nanostructure preparation in common microfluidic ICP chips
F1  ERRRIZICPE F Rk M & AR

il B POREEIPREL  HOREMIR S mm BORG AR % TS H AR SR R G N
FEML N Lk A 40 i Fr/Z0 ik 33 fmol/LEt o A 10°~10° [31]
SRR IR e 20 PDMS/#tZ 1.5 nmol/L BSA 10°~10* [32]
RHE PDMS 1 PDMS/# % 10 nmol/L FITC-BSA 10°-10° [33]
PDMS 55~77 PDMS/# % 200 nmol/L7 Y % 10° [34]
SV S AN 13 PDMS/# 6% 10 umol/L FITC-BSA 10 [35]
poly-AMPS B AR/ Z e 1 umol/L TRITC-BSA 500 [36]
TERR YK ok 60 PDMS/# % 4 mg/LIEL REA 10 [37]
EAK IR 40 PDMS/# 6% 0.5 umol/L FITC-BSA 60 [8]
Ha vk PDMS PDMS/# % 400 pmol/L BEELL K 1 10 [38]
PET PET/EII 10 nmol/L FITC-BSA 10°~10° [39]
N Nafion 5~7 PDMS/tZ] 100 nmol/L FITC-BSA 400 [40]
Nafion 5~7 JGEUR IR/3DATED 100 pmol/L% 186G 40 [41]
GO-Nafion PDMS/# 6% 0.1 pmol/LI H F 4N R 60 [42]
Nafion 5~7 Fe g/ 3DAT N 3 pmol/LK S Z Ak 102 [43]
TRANKE 60 PDMS/# 6% 1 mg/L7OGF B ER [44]
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A HTHT S ICP S R il 8 7 . AR ICP 3 i
FPORBIESE S ATIIRER T TE G K 5 R ) o S S50k
K E AN

F A TCP S0 Fr 14 TS P 2 i 1 v B i oK
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Chang 55 ' i fHE LA 8345 (GO) kA2 ICP &
HE VR, ¥ GO TR INE 2R (Nafion) [
e, AN OK 22 FLAS H PN AT B R 10 3R T AL A
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FE MR I, PR — 2o WA R
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Fig. 5 Preparation methods of nanostructures in microfluidic ICP chips
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Fig. 6 Optimization method diagram for enrichment efficiency of microfluidic ICP chips
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Abstract lon concentration polarization (ICP) is an electrical transport phenomenon that occurs at the micro-
nano interface under the action of an applied electric field, and the ICP phenomenon can be used to enrich
charged particles with high efficiency. The microfluidic chip has the advantages of high precision, high efficiency,
easy integration and miniaturization in biochemical analysis, which provides a new solution and technical way for
biochemical analysis. In response to the demand for the detection of trace charged target analytes in sample

solution, the advantages of high enrichment multiplicity, convenient operation and easy integration of ICP are
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utilized to provide an effective way for microfluidic biochemical detection. The combination of ICP phenomenon
and microfluidic analysis technology has been widely used in the fields of pre-enrichment of charged particles,
separation of targets, and detection of target analytes in biochemical analysis. In this paper, the principle of ICP
and the microfluidic ICP chip are briefly introduced. Under the action of external electric field, the co-ions pass
through the ion-selective nanochannel, the counterions are rejected at the boundary of nanochannel to form a
depletion zone, and the charged samples will be enriched at the boundary of the depletion zone. Then the
preparation techniques and methods of ICP chips are summarized. Among them, the design of microfluidic
channel structure and the preparation and design of nanostructures are emphasized. The basic single-channel
structure is analyzed, and the parallel-channel structure as well as the integrated multi-functional microfluidic ICP
chip are sorted out and summarized. The preparation methods of nanostructures in ICP chips and their respective
advantages and disadvantages are listed, and it is summarized that the current mainstream means are the
embedding method and the self-assembly method, and attention is paid to the design of nanostructures preparation
methods by both of them. In addition, this paper also discusses how to optimize the enrichment efficiency of ICP
chip, through the introduction of multi-field coupling, valve control and other means to achieve the optimization
of the enrichment efficiency of target substances. Meanwhile, this paper provides a classified overview of the
progress of application of ICP chips in biochemical analysis and detection. ICP chips have been widely used in the
research and development of biosensors, which can be used for the enrichment and separation of a variety of
analytes including small molecules, nucleic acids, proteins, and cells, ezc. By changing the design of microfluidic
structures, integrating detection methods and modifying specific antibodies, ICP chips have shown great potential
in the fields of rapid enrichment and pre-processing of targets, separation of targets and highly sensitive detection.
Finally, it is pointed out that ICP chips are facing challenges in improving enrichment efficiency and selectivity,
and solving the problems of fluid control, mixing and transport to match the biological properties of target assay,
and that microfluidic ICP chips have been continuously promoting the development of ICP chips through the
improvement of materials, chip design and integration of multifunctional units, opening up new possibilities in the
field of biochemical analysis methods and applications. It can be seen that microfluidic ICP chips have the
advantages of low sample flow rate, good separation and enrichment, high detection efficiency, and easy
integration and miniaturization, which have shown good research significance and practical prospects in the field

of biochemical detection.

Key words ion concentration polarization, micro/nano structure, microfluidic chip, separation and enrichment,
biochemical detection
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