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Molecularly imprinted polymers are highly selective and cost-effective materials, which have attracted significant interest in various areas such as sample pretreatment and chromatographic and electrophoretic separations. This review aims to present the state of the art concerning the miniaturization of these materials in order to meet the societal demand for reliable, fast, cheap, and solvent/sample saving analyses. The polymerization route specificities for the production of miniaturized molecularly imprinted polymers in capillaries or chip channels such as open tubular, packed particles, magnetic nanoparticles, and in situ imprinted monoliths are investigated. Their performances as selective supports in solid phase extraction and as stationary phases in electrochromatography and liquid chromatography, as well as their possible perspectives are discussed.

Introduction

Molecularly imprinted polymers (MIPs) are synthetic materials possessing specific cavities with steric and functional complementarity towards a template molecule (T) and involving a retention mechanism based on molecular recognition for analyte recognition or discrimination of chemical species of similar structure. MIPs can be considered as synthetic supports mimicking immunosorbents (ISs) or oligosorbents (OSs), to which they can be compared [START_REF] Delaunay | Immunoaffinity Extraction and Alternative Approaches for the Analysis of Toxins in Environmental, Food or Biological Matrices[END_REF]. Indeed, they present a similar selectivity by the fact that these three supports generate a retention mechanism based on molecular recognition. While the development of ISs is expensive and require significant production times for antibodies, while a limited number of aptamer sequences are currently available for OS, MIPs offer many advantages including chemical and thermal stability but also easy, cheap, and rapid preparation for a wide variety of applications related to chemical and biological molecules. In return, the development of a selective MIP necessitates a careful and long optimization in order to be adapted to each type of sample and depends on the nature of the interactions developed and thus on the synthetic reagents used. They have been already successfully applied in several fields, such as drug delivery [2][START_REF] Piletsky | Molecularly imprinted polymers for cell recognition[END_REF][START_REF] Tuwahatu | The molecularly imprinted polymer essentials: Curation of anticancer, ophthalmic, and projected gene therapy drug delivery systems[END_REF], sensors [START_REF] Cao | Recent advances of molecularly imprinted polymer-based sensors in the detection of food safety hazard factors[END_REF][START_REF] Saylan | Molecularly imprinted polymer based sensors for medical applications[END_REF][START_REF] Ahmad | Molecularly imprinted polymers in electrochemical and optical sensors[END_REF][START_REF] Belbruno | Molecularly imprinted polymers[END_REF], or biomimetic catalyst in organic synthesis [START_REF] Yin | Biomimetic catalysts designed on macromolecular scaffolds[END_REF]. MIPs were also widely used as stationary phase in liquid chromatography (LC) [START_REF] Wei | Imprinted monoliths: Recent significant progress in analysis field[END_REF][START_REF] Cheong | Recent applications of molecular imprinted polymers for enantio-selective recognition[END_REF][START_REF] Zheng | Synthesis and theoretical study of molecularly imprinted monoliths for HPLC[END_REF] and capillary electrochromatography (CEC) [START_REF] Cheong | Recent applications of molecular imprinted polymers for enantio-selective recognition[END_REF][START_REF] Zheng | Synthesis and theoretical study of molecularly imprinted monoliths for HPLC[END_REF][START_REF] Iacob | Recent advances in capillary electrochromatography using molecularly imprinted polymers: CE and CEC[END_REF][START_REF] Mu | Current trends in the development of molecularly imprinted polymers in CEC: CE and CEC[END_REF] for separation of structural analogs and enantiomers [START_REF] Rutkowska | Application of molecularly imprinted polymers in analytical chiral separations and analysis[END_REF][START_REF] Xu | Separation and screening of compounds of biological origin using molecularly imprinted polymers[END_REF] or as sorbent for extraction, whether for the selective recognition of small molecules, such as drugs, pesticides, or other environmental pollutants [START_REF] Pichon | Sample preparation using molecularly imprinted polymers[END_REF][START_REF] Gama | Molecularly imprinted polymers for bioanalytical sample preparation[END_REF][START_REF] Pichon | Role of molecularly imprinted polymers for selective determination of environmental pollutants-A review[END_REF][START_REF] Beltran | Molecularly-imprinted polymers: Useful sorbents for selective extractions[END_REF][START_REF] Farooq | Molecularly imprinted polymers' application in pesticide residue detection[END_REF][START_REF] Ndunda | Molecularly imprinted polymers for the analysis and removal of polychlorinated aromatic compounds in the environment: A review[END_REF][START_REF] Boulanouar | Molecularly imprinted polymers for the determination of organophosphorus pesticides in complex samples[END_REF][START_REF] Chen | Molecular imprinting: perspectives and applications[END_REF][START_REF] Hu | Recent advances and applications of molecularly imprinted polymers in solid-phase extraction for real sample analysis[END_REF][START_REF] Arabi | Strategies of molecular imprinting-based solid-phase extraction prior to chromatographic analysis[END_REF], of proteins [START_REF] Boysen | Advances in the development of molecularly imprinted polymers for the separation and analysis of proteins with liquid chromatography[END_REF][START_REF] Xing | Recent progress in the combination of molecularly imprinted polymer-based affinity extraction and mass spectrometry for targeted proteomic analysis[END_REF][START_REF] Ansari | Molecularly imprinted polymers for capturing and sensing proteins: Current progress and future implications[END_REF], or even of microorganisms [START_REF] Jia | Molecular imprinting technology for microorganism analysis[END_REF]. In the extraction and separation fields, while early works used MIPs in the form of particles of more or less controlled sizes into disposable extraction cartridges or columns, depending on the application, many recent studies have shown that MIPs can be produced on a miniaturized scale as thin films or monoliths. Preparation of a miniaturized MIP allows the reduction of the required amount of template, which is often the most expensive reagent involved in the synthesis process [START_REF] Matsui | Molecular recognition in continuous polymer rods prepared by a molecular imprinting technique[END_REF]. More generally, the potential benefits of miniaturization are numerous, following the principle that small-scale processes consume less time, sample, and reagents and thus reduce the analysis costs, as well as the amount of waste [START_REF] Reyes | Micro Total analysis systems. 1. Introduction, theory, and technology[END_REF]. In order to limit this reagent consumption and to tend towards well-defined small particle sizes, many groups have worked on the production of nanoparticles coated with a thin layer of MIP, mainly used for extraction in dispersive mode as recently reported [START_REF] Pichon | Sample preparation using molecularly imprinted polymers[END_REF], the purified extract being generally analyzed by conventional methods. However, in order to make the most of this miniaturization, all the different steps of the analytical procedure must be miniaturized and, if possible, integrated into a single device in order to move towards the concept of micro total analytical system (µ-TAS) introduced by Manz et al. [START_REF] Manz | Miniaturized total chemical analysis systems: A novel concept for chemical sensing[END_REF] in the 90's and also called lab-on-chip. Among the miniaturized separation methods available, capillary electrophoresis (CE) and nano liquid chromatography (nanoLC) are predominantly employed. Therefore, for the integration of MIPs as stationary phases for separation or upstream as extraction sorbents, it is quite understandable that the preferred format for miniaturized MIPs has consisted in introducing them in a privileged way in fused-silica capillaries. They are multiple approaches for preparing a MIP in a capillary. The MIP can be available as particles of various sizes (down to nanoparticles and with possibly magnetic properties) held in the capillary. It is also possible to synthesize MIPs inside the capillary in the form of a thin porous film following an approach called open tubular or of a porous monolith filling the entire section of the capillary, which allows to overcome the constraints related to the use of particles (immobilization and homogeneous packing) or thin films (low amount of phase), while providing a high specific surface area and a high permeability [START_REF] Masini | Porous monoliths for on-line sample preparation: A review[END_REF]. Finally, in order to go further in the miniaturization and integration of MIPs into the overall analysis procedure and thus respond to the µ-TAS concept previously mentioned, many groups have integrated MIPs in a chip using approaches similar to those used with capillaries. Based on the published works, this paper aims first to present and discuss the different ways in which miniaturized MIPs can be prepared for use as extraction or separation media in capillary or on-chip format. Their potential as a stationary phase for separation in CEC and nanoLC and, in a second step, as a sorbent for selective solid phase extraction (SPE) are discussed. However, since this review focuses exclusively on exhaustive extraction, applications such as solid phase microextraction and dispersive solid phase extraction will not be covered.

Generalities on molecularly imprinted polymer synthesis

MIP synthesis generally consists first of a complexation in solution of a template molecule with functional monomers (M) via non-covalent bonds. A cross-linker (CL) and an initiator are then introduced to generate polymerization of the monomers around the template, either by thermal or photochemical initiation. After polymerization, the template molecules are removed by extensive washing steps, resulting in available cavities complementary to the template in terms of shape, size, and position of functional groups. In most cases, the targeted analyte is very often used as template. Its structure and functionalities define the properties of the synthesized binding sites, ensuring optimal recognition during the extraction or separation process. However, the complete removal of the template molecules from the MIP can be incomplete or difficult to achieve despite extensive washing steps with large volumes. The residual template leakage from the MIP can lead to erroneous quantification, especially when applied in trace analysis. In this case, the use of a structural analog as template for the MIP synthesis that can be distinguished from the target analyte during its determination, especially by chromatographic methods, constitutes an easy way to limit the risk and is called dummy approach [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][38][START_REF] Wang | Synthesis and evaluation of organic-inorganic hybrid molecularly imprinted monolith column for selective recognition of acephate and phosphamidon in vegetables[END_REF][40]. Despite the wide variety of targets and templates employed, reagents used for the polymerization are recurrent. Among them, the functional monomers generally chosen are methacrylic acid (MAA), acrylic acid (AA), itaconic acid (IA), 2-hydroxyethyl methacrylate (HEMA), or vinylpyridine (VP) [START_REF] Pichon | Sample preparation using molecularly imprinted polymers[END_REF]. The most commonly used cross-linkers are bifunctional ethylene glycol dimethacrylate (EGDMA) and divinylbenzene or trifunctional trimethylolpropane trimethacrylate (TRIM). In order to promote formation of the templatemonomer complex, the polymerization solvent is selected to favor the desired interactions, for example hydrogen bonds and electrostatic interactions. Therefore, it is better in this case to employ, whenever possible, a weakly polar and aprotic solvent such as toluene, dichloromethane (DCM), chloroform, and acetonitrile (ACN) or a mixture of them. The performance of a MIP is related to the occurrence of cavities that promote highly selective interactions between the polymer and target compounds. In most of the works, a nonimprinted polymer (NIP) is synthesized with exactly the same conditions as MIP except that the template is omitted. This control polymer, that does not possess any specific cavities, is studied in parallel during the MIP characterization. Because of the use of the same reagents, this non-imprinted support allows the evaluation of the contribution of the non-specific interactions occurring between a given compound and the NIP surface that exist also at the MIP surface.

Open-tubular molecularly imprinted polymers

Preparation of open tubular molecularly imprinted polymers

The first miniaturized MIPs were synthesized as a porous thin film on the inner surface of a capillary [START_REF] Brüggemann | Comparison of polymer coatings of capillaries for capillary electrophoresis with respect to their applicability to molecular imprinting and electrochromatography[END_REF]42]. Until today, numerous MIPs prepared following such an open tubular approach in capillaries have been reported as shown in Table 1. Before starting the synthesis, most of these studies reported the use of 3-(trimethoxysilyl)propyl methacrylate (γ-MAPS) in a first step to ensure the future anchoring of the film to the inner wall of the capillary [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF][START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF][START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF][START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF]. This reagent has a trifunctional silane group that can bind the capillary silica wall as well as a function that will participate to the polymerization of the MIP. The reagents predominantly used are MAA coupled with the cross-linker EGDMA and a thermal [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF] or photochemical [START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF][START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] initiation with azobisisobutyronitrile (AIBN). The most commonly employed porogens are ACN [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF][START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF][START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] and toluene [42,[START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] with the addition of small amount of isooctane [START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF] or decanol [START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF] to increase the specific surface area, or even 2-propanol [START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF] to ensure the complete dissolution of each reagent. Wu et al. employed a special ternary porogen system (toluene, isooctane, and DMSO) to solve the solubility problem encountered using D-zopiclone, a very polar compound, as template [START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF]. However, as DMSO strongly affects the morphology and separation performance of MIP, its content must be carefully optimized. In order to control the film thickness, a thermal initiation (from 50 to 75°C) and a short polymerization time (from 10 min to 4 h) are adopted [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF]. In some publications a pressure is applied after the polymerization to shrink the polymer into a thin film against the capillary wall [42,[START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF]. The first evaluation of a MIP thin film consists generally in observing the inner section of the capillary by scanning electron microscopy (SEM) to check the good anchorage of the MIP layer. This also makes possible to determine the approximate thickness of the film, which ranges from 0.1 to a few micrometers with a single study up to 10 µm [START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF]. The dimensions of the devices fluctuate significantly, but it is possible to observe some trends depending on the chosen application. The open tubular MIPs for CEC or nanoLC applications are mainly produced in capillaries of 25 µm [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF] and 50 µm [START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF][START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] of internal diameter (i.d.), although larger diameters of 75 [START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF] and 100 µm [START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF] can be found. For extraction applications, i.d. of the capillaries are 100 µm [START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF][START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF]. Concerning the MIP lengths, they are heterogeneous with most often 5 to 50 cm of MIP layer length for separation purposes, and from few millimeters to several centimeters for extraction purposes.

Applications of open tubular molecularly imprinted polymers

As illustrated by works listed in Table 1, MIPs obtained by open tubular approach were used mainly as stationary phases in CEC [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF][START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] and to a lesser extent in nanoLC [42,[START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF] and as SPE sorbent [START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF][START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF]. Indeed, this approach offers several advantages for separation since it generates low back pressure and fast mass transfer. In order to evaluate the MIP performances, different parameters can be measured such as selectivity (α), resolution (RS) or efficiency (N) and are reported in Table 1. A large majority of publications dealing with open tubular MIPs for CEC [42][START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF][START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF][START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF][START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF][START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF][START_REF] Song | A star-shaped molecularly imprinted polymer derived from polyhedral oligomeric silsesquioxanes with improved site accessibility and capacity for enantiomeric separation via capillary electrochromatography[END_REF][START_REF] Wu | Preparation of molecularly imprinted coatings with ternary porogen for CEC[END_REF][START_REF] Schweitz | Molecularly imprinted polymer coatings for open-tubular capillary electrochromatography prepared by surface initiation[END_REF] or LC [42,[START_REF] Kulsing | Molecular imprinted polymeric porous layers in open tubular capillaries for chiral separations[END_REF] have been dedicated to the separation of enantiomers. In this case, high resolution or selectivity values resulting from a stronger retention of the enantiomer used as template clearly indicate the contribution of the specific cavities in the retention mechanism. Tan et al. were the first to use an open tubular MIP for the baseline enantioseparation of dansyl-D,L-phenylalanine in both CEC and nanoLC modes [42]. Recently, Zhao et al. [START_REF] Zhao | Coatings of molecularly imprinted polymers based on polyhedral oligomeric silsesquioxane for open tubular capillary electrochromatography[END_REF] exploited the advantages of the addition of a polyhedral oligomeric silsesquioxane (POSS) as monomer to improve the MIP performances by taking advantage of rigidity reinforcement at the molecular level. This hybrid organic-inorganic MIP was applied to the CEC enantioseparation of amlodipine and an average efficiency N of 3.35 x 10 4 plates m -1 together with a Rs of 14.84 were obtained, much more lower performances being obtained with a POSSfree MIP (N = 11,300 plates m -1 ; Rs = 7.63). MIPs were also used in open tubular CEC for non-chiral separation of structural analogs such as nucleotide bases [START_REF] Huang | Preparation and evaluation of molecularly imprinted polymers based on 9-ethyladenine for the recognition of nucleotide bases in capillary electrochromatography[END_REF] or profen drugs [START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF]. However, this type of application requires the use of a NIP. Indeed, while in chiral separation a high resolution reveals the presence of cavities, for the separation of analogs of different polarities, the presence of cavities can only be proven by the measurement of a different retention strength/order on NIP. Zaidi et al. performed both chiral separation of ketoprofen and non-chiral separations of naproxen, ibuprofen, and fenoprofen in long capillaries of different lengths (1, 2, or 3 m x 50 µm i.d.) with a MIP approximately 1-4 µm thick [START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF]. The synthesis conditions incorporated 4-styrenesulfonic acid in the imprinted poly(MAA-co-EGDMA) to enable a strong and stable electroosmotic flow (EOF) at the optimized pH [START_REF] Zaidi | Preparation of an open-tubular capillary column with a monolithic layer of S-ketoprofen imprinted and 4-styrenesulfonic acid incorporated polymer and its enhanced chiral separation performance in capillary electrochromatography[END_REF]. The enantioseparation as well as nonchiral separation of profen drugs were successfully accomplished on each column, as shown in Figure 1, with a resolution of 4.0 for the ketoprofen racemic with the capillary of 1 m long and an impressive average efficiency of 1,000,000 plates m -1 . A batch-to-batch RSD (nB/B = 3) lower than 2.3% for the efficiency was observed, indicating a very good synthesis repeatability despite the long length of the capillaries [START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF]. An atypical device was proposed by Jang et al. by interfacing a S-ketoprofen imprinted poly(MAA-co-4-styrenesulfonic acid-co-EGDMA) open-tubular capillary with a nanospray interface utilizing a sheath flow for electrospray ionization and tandem mass spectrometry, in order to simultaneously separate and characterize phospholipids in human urinary lipid extracts [START_REF] Jang | Analysis of phospholipids using an open-tubular capillary column with a monolithic layer of molecularly imprinted polymer in capillary electrochromatography-electrospray ionization-tandem mass spectrometry[END_REF]. The phospholipids were separated by their acyl chain length and polar head groups, allowing the identification of 18 of them. However, the selectivity remains to be demonstrated since no NIP was synthesized. Qu et al. developed a dual-template L-tyrosine and L-tryptophan imprinted poly(AA-co-EGDMA) for CEC multiple enantioseparation [START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF]. However, the authors decided to go further by integrating the fused-silica capillary containing the open tubular MIP phase (6 cm length, 25 µm i.d., and MIP layer about 2 µm thick) inside a poly(dimethylsiloxane) (PDMS) chip with a carbon fiber microdisk electrode for detection. The separation of both racemic tyrosine and tryptophan was performed within 120 s with Rs values of 1.02 and 1.00, respectively. It is also important to highlight the effort that was made in determining RSDs (n = 6) of retention time and peak area for run-to-run (1.2-1.8% and 2.6-3.9%, respectively), day-to-day (2.4-2.7% and 4.3-7.1%, respectively), and chip-to-chip (3.8-5.2% and 5.9-8.8%, respectively), suggesting that the method had good stability and repeatability but also that the imprinted chips had good manufacturing reproducibility. The same team produced also a hybrid microchip with a capillary (8 cm length, 25 µm i.d., and MIP layer about 2.5 µm thick) containing a N-(tert-Butoxycarbonyl)-L-tryptophan imprinted poly(AA-co-EGDMA) film [START_REF] Qu | Enantioseparation and amperometric detection of chiral compounds by in situ molecular imprinting on the microchannel wall[END_REF]. A resolution of 1.27 was achieved in 75 s with similar performances in terms of reproducibility and stability.

For its use in extraction, the open tubular approach suffers from a low surface-to-volume ratio as the amount of MIP represents only a small part of the volume of the capillary. Therefore, the resulting limited capacities seem particularly problematic for such an application. A MIP film was used as SPE sorbent by constituting an in-line concentrator (5 cm x 100 µm i.d. with an unknown film thickness) directly inside the capillary of a CE-UV system for the determination of bisphenol A [START_REF] Zhang | Sensitive detection of bisphenol A in complex samples by in-column molecularly imprinted solid-phase extraction coupled with capillary electrophoresis[END_REF]. Recovery of 86.7-108.6% were obtained for tap water, river water, beverage, and urine with RSD values of 2.0-5.6% for bisphenol A. The LOD was evaluated in pure medium at 0.8 ng mL -1 which is over 100-fold better than that of direct CE determination. A similar in-line coupling of a MIP (3 mm x 100 µm i.d., unknown film thickness) with CE-UV was reported [START_REF] Zhang | LED-induced in-column molecular imprinting for solid phase extraction/capillary electrophoresis[END_REF]. Enrichment factor (EF) of about 200 was calculated for the extraction of epitestosterone, methyltestosterone, and testosterone from pure medium and the authors also indicated that the coated MIP layer maintained good operational performance after more than 100 cycles. Nevertheless, if the enrichment was proven in both studies, the evaluation of non-selective interactions was not fully considered because the synthesis of a NIP was not reported.

Molecularly imprinted polymer particles packed in capillary or chip channel

Packing of particles

Miniaturized MIP devices can also be prepared by packing MIP particles in capillaries or in microchannels of chips. By filling the entire section of the capillary or channel, it allows the overcoming of the lack of capacity of the open tubular format. However, frits or restrictions are required to maintain particles. Frits are tricky to obtain as they should withstand high pressures, be porous enough, and should not be too long or interact with the analytes [START_REF] Iacob | Recent advances in capillary electrochromatography using molecularly imprinted polymers: CE and CEC[END_REF]. In addition, the presence of frits is propitious to the generation of air bubbles. Numerous other methods were adopted to immobilize particles such as the use of acrylamide gel inside capillary [START_REF] Lin | Enantioseparation of D,L-phenylalanine by molecularly imprinted polymer particles filled capillary electrochromatography[END_REF] or using particles with diameters of 55-57 µm similar to the i.d. of the separation capillary (50 or 75 µm i.d.) in order to generate an agglomerate just before the separation capillary without frits [START_REF] Lara | Evaluation of a molecularly imprinted polymer as in-line concentrator in capillary electrophoresis[END_REF][START_REF] Moreno-González | Molecularly imprinted polymer as in-line concentrator in capillary electrophoresis coupled with mass spectrometry for the determination of quinolones in bovine milk samples[END_REF]. Concerning chip device, the particles can be immobilized by designing a micro-cell containing the particles of larger dimensions than the other channels of the chip and thus generating a restriction [START_REF] He | Micro flow sensor on a chip for the determination of terbutaline in human serum based on chemiluminescence and a molecularly imprinted polymer[END_REF][START_REF] Lei | Preparation of Z-L-Phe-OH-NBD imprinted microchannel and its molecular recognition study[END_REF]. MIP particles can be obtained by synthesizing the imprinted polymer by bulk polymerization and the resulting MIP, obtained as a monolith is next crushed and sieved during several cycles, giving rise of MIP particles with diameters between 50 and 110 µm. This heterogeneity in the resulting particle size may represent a first drawback since it may be damaging for separation purposes thus explaining their used as extraction device as illustrated by works reported in Table 2 [START_REF] Lara | Evaluation of a molecularly imprinted polymer as in-line concentrator in capillary electrophoresis[END_REF][START_REF] Moreno-González | Molecularly imprinted polymer as in-line concentrator in capillary electrophoresis coupled with mass spectrometry for the determination of quinolones in bovine milk samples[END_REF][START_REF] He | Micro flow sensor on a chip for the determination of terbutaline in human serum based on chemiluminescence and a molecularly imprinted polymer[END_REF][START_REF] Lei | Preparation of Z-L-Phe-OH-NBD imprinted microchannel and its molecular recognition study[END_REF]. More homogeneous MIP particles can be obtained by imprinting the surface of core particles. This approach has contributed to the strong expansion of the use of MIP particles in dispersive solid phase extraction as recently reviewed [START_REF] Pichon | Sample preparation using molecularly imprinted polymers[END_REF][START_REF] Azizi | A critical review of molecularly imprinted polymers for the analysis of organic pollutants in environmental water samples[END_REF][START_REF] Ansari | Recent configurations and progressive uses of magnetic molecularly imprinted polymers for drug analysis[END_REF]. In most cases, the core sorbents are particles with magnetic properties to facilitate the extraction workflow by replacing the long and tedious centrifugation step by the application of magnetic field to recover the particles. These properties were also exploited to immobilize MIP particles into miniaturized separation or extraction devices by applying an external magnetic field, thus eliminating the necessity of frits. For this purpose, particles of different natures, mainly Fe3O4 particles [START_REF] Wang | One-step synthesis of mussel-inspired molecularly imprinted magnetic polymer as stationary phase for chip-based open tubular capillary electrochromatography enantioseparation[END_REF][START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF][START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF] as shown in Table 3 with diameters between 25 and 385 nm were selected. After activating the surface of the magnetic nanoparticles with γ-MAPS as in open tubular synthesis, a MIP film is synthesized either using conventional reagents such as MAA and EGDMA [START_REF] Qu | Molecularly imprinted magnetic nanoparticles as tunable stationary phase located in microfluidic channel for enantioseparation[END_REF] or by exploiting the self-polymerization of dopamine and norepinephrine [START_REF] Wang | One-step synthesis of mussel-inspired molecularly imprinted magnetic polymer as stationary phase for chip-based open tubular capillary electrochromatography enantioseparation[END_REF][START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF][START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF] giving rise to film thicknesses of 87-88 nm and 6-8 nm, respectively. To be used, the MIP magnetic nanoparticles were directly filled in chip channels [START_REF] Wang | One-step synthesis of mussel-inspired molecularly imprinted magnetic polymer as stationary phase for chip-based open tubular capillary electrochromatography enantioseparation[END_REF][START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF][START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF] or introduced into a capillary which was then integrated into a chip [START_REF] Qu | Molecularly imprinted magnetic nanoparticles as tunable stationary phase located in microfluidic channel for enantioseparation[END_REF], the part occupied by the particles (ranging from 5 mm to 2 cm) being tuned according to the magnet positioning. Considering the difficulties to maintain particles in capillaries or channels by the previously described methods, it could have been interesting to have information related to the filling repeatability and its impact on MIP performances. This has only been discussed once [START_REF] Moreno-González | Molecularly imprinted polymer as in-line concentrator in capillary electrophoresis coupled with mass spectrometry for the determination of quinolones in bovine milk samples[END_REF] by Moreno-González et al. who studied the repeatability after constructing three MIP concentrators by inserting the capillary containing the MIP particles (2 mm x 150 µm i.d.) and the one dedicated to the CE separation (130 cm x 50 µm i.d.) into a Teflon tube. The RSD (n = 10) values of peak areas of ten consecutive injections ranged from 3.4 to 9.8% and for the three different concentrators ranged from 5.1 to 10.4%.

Applications of packed molecularly imprinted polymer particles-based devices

Only one separation device was based on the filling on 3 mm length of a 20 cm x 75 µm i.d. capillary by 2-10 µm particles obtained by grinding and immobilized with frits made of an acrylamide gel [START_REF] Lin | Enantioseparation of D,L-phenylalanine by molecularly imprinted polymer particles filled capillary electrochromatography[END_REF]. It was applied to the enantioseparation of phenylalanine and a resolution of 1.43 between both enantiomers was obtained, no information on the efficiency, repeatability, and lifetime of the system being available. However, the heterogeneity of MIP particles prepared by bulk process are known to exhibit low separation performance in terms of efficiency thus explaining why more homogeneous MIP particles obtained by surface imprinting were mainly used for separation in CEC [START_REF] Wang | One-step synthesis of mussel-inspired molecularly imprinted magnetic polymer as stationary phase for chip-based open tubular capillary electrochromatography enantioseparation[END_REF][START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF][START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF][START_REF] Qu | Molecularly imprinted magnetic nanoparticles as tunable stationary phase located in microfluidic channel for enantioseparation[END_REF]. High efficiency of such separation device is also favored by the fact that the MIP layer represents only a small part at the surface of the core magnetic particle. This allows the limitation of the diffusion of the compounds within the particles. Among the works based on surface imprinting, Qu et al. [START_REF] Qu | Molecularly imprinted magnetic nanoparticles as tunable stationary phase located in microfluidic channel for enantioseparation[END_REF] designed a microfluidic device for rapid CEC enantioseparation of ofloxacin. As shown in Figure 2, MIP particles were introduced in a fused-silica capillary of 25 µm i.d. integrated in a PDMS chip and maintained in the capillary to a defined place by applying an external magnetic field. It was found that the tunable length was optimal for 5 mm and led to a resolution of 1.46 with an analysis time of 195 s. No enantioseparation was achieved with the NIP particles thus demonstrating the selectivity of the MIP. RSD values of retention time and peak area (n = 3) between 1.1 and 8.3% for run-to-run, day-to-day, and chip-to-chip suggest a good stability and fabrication reproducibility. Separation efficiencies of 7.85 x 10 4 and 1.75 x 10 5 plates m -1 for D and L-tryptophan respectively were also obtained with particles coated with L-tryptophan imprinted poly(dopamine) film [START_REF] Wang | One-step synthesis of mussel-inspired molecularly imprinted magnetic polymer as stationary phase for chip-based open tubular capillary electrochromatography enantioseparation[END_REF]. The resolution was about 1.65 and the analysis time was inferior to 1 min. The RSD values of the retention times for run-to-run, day-to-day, and chip-to-chip were less than 5%. Furthermore, the stability of MIP particles was demonstrated by storing them at 4°C for at least two weeks with no obvious effect on the analysis performance. However, after one month of storage the resolution was lowered to 91% of the initial value. The analytical performances were further improved by replacing the poly(dopamine) coating by a poly(norepinephrine) one and a resolution of 1.84 was obtained with efficiencies estimated to be about 1.28 x 10 5 and 1.83 x 10 5 plates m -1 for D-and L-tryptophan, respectively, for a packing length of 1 cm [START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF]. RSD values were similar to the ones of the previous study. The use of a mixture of nanoparticles resulting from the same synthesis route with three different templates (S-ofloxacin, L-tryptophan, and S-binaphtol) was also reported to carry out the simultaneous separation of different chiral analytes within 120 s in a single run [START_REF] Chen | A norepinephrine coated magnetic molecularly imprinted polymer for simultaneous multiple chiral recognition[END_REF]. A similar chip was constructed with a R-mandelic acid imprinted poly(norepinephrine) film [START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF]. A resolution of 1.82 was obtained and the separation efficiencies were calculated to be 3.2 x 10 3 and 5.4 x 10 3 plates m -1 for S-and R-mandelic acid, respectively. The run-to-run repeatability was evaluated with RSD (n = 6) of 2.3-2.5% and 3.1-3.6% on retention times and peak areas, respectively. The good reproducibility of the manufacturing process was also checked with RSD (n = 3) of 3.3-4.6% on retention times. Finally, the authors proposed a knowhow transfer, using L-histidine as template molecule, allowing to perform the enantiomer separation with a resolution of 1.63 [START_REF] Wu | Separation of chiral compounds using magnetic molecularly imprinted polymer nanoparticles as stationary phase by microchip capillary electrochromatography[END_REF]. For SPE applications, retention capacity is more important than efficiency and this is why the use of MIP film obtained by surface imprinting is marginal as this approach can lead to limited capacity, as mentioned above for the open tubular format. As particles obtained by bulk synthesis are integrally made of MIP, the capacity provided by these particles is of obvious interest for this type of applications. Among the few reported works, Z-L-phenylalanine-nitrobenzoxadiazole MIP particles (<110 µm) were packed in a channel having an i.d. of 220 µm in a poly(methylvinylsiloxane) chip and immobilized via a restriction channel (105 µm i.d.) [START_REF] Lei | Preparation of Z-L-Phe-OH-NBD imprinted microchannel and its molecular recognition study[END_REF]. The imprinted effects were evaluated by loading 20 µL of a 1.10 -6 mol L -1 of Z-L-phenylalanine-nitrobenzoxadiazole in acetonitrile (porogen of the synthesis) and on-line detected by laser induced fluorescence (LIF). The extraction recoveries were 61% for MIP and 18% for NIP, suggesting that a selective retention was obtained on MIP for pure media. Commercial MIP particles were also used as extraction sorbent to carry out SPE coupled inline with CE separation [START_REF] Lara | Evaluation of a molecularly imprinted polymer as in-line concentrator in capillary electrophoresis[END_REF][START_REF] Moreno-González | Molecularly imprinted polymer as in-line concentrator in capillary electrophoresis coupled with mass spectrometry for the determination of quinolones in bovine milk samples[END_REF]. The concentrators were constructed in a first capillary (2 mm x 150 µm i.d. x 360 µm outer diameter (o.d.)) that was then coupled via a Teflon tube (300 µm i.d.) to a second capillary (50-75 µm i.d. x 360 µm o.d.) dedicated to the CE separation. These devices were applied to the analysis of triazines in spiked urine [START_REF] Lara | Evaluation of a molecularly imprinted polymer as in-line concentrator in capillary electrophoresis[END_REF] and of eight regulated veterinary quinolones in bovine milk samples [START_REF] Moreno-González | Molecularly imprinted polymer as in-line concentrator in capillary electrophoresis coupled with mass spectrometry for the determination of quinolones in bovine milk samples[END_REF].

Monolithic molecularly imprinted polymers

Monolithic MIPs are prepared using organic or hybrid organic-inorganic monomers but also by surface imprinting on a core monolith. They were first prepared at conventional format in in the whole section of 4.6 mm i.d. stainless-steel columns as reported by Ou et al. [START_REF] Ou | Determination of D,L-tetrahydropalmatine in Corydalis yanhusuo by L-tetrahydropalmatine imprinted monolithic column coupling with reversed-phase high performance liquid chromatography[END_REF][START_REF] Ou | Determination of phenolic compounds in river water with on-line coupling bisphenol A imprinted monolithic precolumn with high performance liquid chromatography[END_REF] and more recently by other groups [START_REF] Wang | Molecularly imprinted monolith coupled on-line with high performance liquid chromatography for simultaneous quantitative determination of cyromazine and melamine[END_REF][START_REF] Javanbakht | On-line clean-up and determination of tramadol in human plasma and urine samples using molecularly imprinted monolithic column coupling with HPLC[END_REF][START_REF] Lv | Preparation and evaluation of a novel molecularly imprinted hybrid composite monolithic column for on-line solid-phase extraction coupled with HPLC to detect trace fluoroquinolone residues in milk[END_REF][START_REF] Li | Preparation of clenbuterol imprinted monolithic polymer with hydrophilic outer layers by reversible addition-fragmentation chain transfer radical polymerization and its application in the clenbuterol determination from human serum by on-line solid-phase extraction/HPLC analysis[END_REF]. However, their synthesis in capillaries or channels represents today most of the developments. Since this review aims to list miniaturized monolithic MIPs, a maximum i.d. value of 530 µm has been defined.

In situ synthesis of monolithic molecularly imprinted polymers

5.1.1.Organic monolithic molecularly imprinted polymers

As for the largest scale, miniaturized monolithic MIPs were mainly synthesized using organic monomers (80% of the studies reported in Table 4) because numerous types of monomers are available and the polymerization procedure is simple [START_REF] Wei | Imprinted monoliths: Recent significant progress in analysis field[END_REF]. Organic polymers benefit also from an excellent stability at different pH and their surface chemistry and porosity can be tuned [START_REF] Masini | Porous monoliths for on-line sample preparation: A review[END_REF] that is favorable for their in situ synthesis in capillaries or channels. As illustrated by Table 4, most of miniaturized monolithic MIP syntheses were carried out in fused-silica capillaries that must be first activated to ensure the anchorage of the monolith at their inner surface. As for open tubular, γ-MAPS is the favored compound although other reagents such as 3-(triethoxysilyl)propyl methacrylate [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF] or vinyltrimethoxysilane [START_REF] Marchioni | In-tube solidphase microextraction with a dummy molecularly imprinted monolithic capillary coupled to ultra-performance liquid chromatography-tandem mass spectrometry to determine cannabinoids in plasma samples[END_REF] were also sometimes used. SEM observations can be used to verify the correct anchorage of the imprinted monolith after its in situ polymerization and also to observe the influence of some parameters such as solvents [START_REF] Liao | A molecularly imprinted monolith for the fast chiral separation of antiparasitic drugs by pressurized CEC[END_REF][START_REF] He | Preparation, characterization and application of organicinorganic hybrid ractopamine multi-template molecularly imprinted capillary monolithic column[END_REF][START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF] or monomers [38,[START_REF] Zaidi | Dual-templates molecularly imprinted monolithic columns for the evaluation of serotonin and histamine in CEC: CE and CEC[END_REF] on the morphology of the monolith, i.e. the presence of macropores that ensure its permeability which is an important parameter to consider. As for MIP synthesis in bulk, MAA is the most commonly used functional monomer usually copolymerized with EGDMA as cross-linker, but AA [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF] and VP [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][START_REF] Liao | A molecularly imprinted monolith for the fast chiral separation of antiparasitic drugs by pressurized CEC[END_REF][START_REF] Li | Investigation of enantiomer recognition of molecularly imprinted polymeric monoliths in pressurized capillary electrochromatography screening the amino acids and their derivatives[END_REF] were sometimes preferred. The T/M/CL ratio is highly variable but a preponderance of publications used a molar ratio of 1/4/20 [START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF][START_REF] Zhai | A glass/PDMS electrophoresis microchip embedded with molecular imprinting SPE monolith for contactless conductivity detection[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Yan | Capillary electrochromatographic separation of ionizable compounds with a molecular imprinted monolithic cationic exchange column[END_REF][START_REF] Cacho | Molecularly imprinted capillary electrochromatography for selective determination of thiabendazole in citrus samples[END_REF][START_REF] Li | Preparation and evaluation of a novel molecularly imprinted SPE monolithic capillary column for the determination of auramine O in shrimp: Sample Preparation[END_REF][START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF]. Finally, miniaturized organic monolithic MIPs were mainly prepared by free radical polymerization with AIBN by either a photochemical or thermal initiation. The choice of the polymerization solvent is one of the key factors and is the biggest change from classical bulk synthesis. Indeed, in addition to solubilize the reagents and promote interactions between the template and the functional monomers, it must led to large pores to obtain good flow-through property , i.e. a high permeability [START_REF] Tan | Molecularly-imprinted monoliths for sample treatment and separation[END_REF]. Therefore, a solvent is selected, such as predominantly ACN or toluene, to solubilize the reagents and promote the expected interactions and another solvent is added, such as dodecanol [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][START_REF] Liao | A molecularly imprinted monolith for the fast chiral separation of antiparasitic drugs by pressurized CEC[END_REF][START_REF] Li | Investigation of enantiomer recognition of molecularly imprinted polymeric monoliths in pressurized capillary electrochromatography screening the amino acids and their derivatives[END_REF][START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF][START_REF] Zhai | A glass/PDMS electrophoresis microchip embedded with molecular imprinting SPE monolith for contactless conductivity detection[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Li | Preparation and evaluation of a novel molecularly imprinted SPE monolithic capillary column for the determination of auramine O in shrimp: Sample Preparation[END_REF][START_REF] Liao | Preparation and characterization of a molecularly imprinted monolithic column for pressure-assisted CEC separation of nitroimidazole drugs[END_REF][START_REF] Ou | Enantioseparation of tetrahydropalmatine and Tröger's base by molecularly imprinted monolith in capillary electrochromatography[END_REF] or isooctane [START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF][START_REF] Cacho | Molecularly imprinted capillary electrochromatography for selective determination of thiabendazole in citrus samples[END_REF][START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Schweitz | Capillary electrochromatography with molecular imprint-based selectivity for enantiomer separation of local anaesthetics[END_REF][START_REF] Zheng | Recognition of oxytocin by capillary electrochromatography with monolithic tetrapeptide-imprinted polymer used as the stationary phase[END_REF][START_REF] Zheng | Mechanism of molecular recognition on tetrapetideimprinted monolith by capillary electrochromatography[END_REF][START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF], for its ability to produce large pores due to earlier onset phase separation. Appropriate ratios of each solvent are then adjusted to set the solubility, polarity, and ability to generate pores to a satisfactory degree. The permeability of a monolithic MIP can be easily measured and calculated by the Darcy's law [40,[START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF][START_REF] Aşır | Triazine herbicide imprinted monolithic column for capillary electrochromatography: CE and CEC[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF] formulated with the following equation:

K = ∆ (Equation 1)
K is the permeability (m 2 ), F is the mobile phase flow rate (m 3 s -1 ), η is the mobile phase viscosity (Pa s), L is the capillary length (m), S is the section (m 2 ), and ∆P is the back pressure (Pa) generated by the monolithic MIP in the capillary or channel. The measured permeabilities reported in literature cover a wide range from 3.3 x 10 -15 [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF], 1.5 x 10 -14 [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF], to 1.5-7.2 x 10 - 11 m 2 [START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF][START_REF] Aşır | Triazine herbicide imprinted monolithic column for capillary electrochromatography: CE and CEC[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF]. Some of these publications have shown the influence of the solvent ratio on permeability [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF], while others have shown the influence of the synthesis temperature [40]. Since the potential of a MIP is related to cavities promoting highly selective interactions that should be absent in its NIP, other physical characterizations can be done. Nitrogen adsorption porosimetry was used to measure the surface area [START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Aşır | Triazine herbicide imprinted monolithic column for capillary electrochromatography: CE and CEC[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF][START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF] or pore volume [START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF] of MIPs/NIPs. Fourier transform infrared [38,[START_REF] Wang | Synthesis and evaluation of organic-inorganic hybrid molecularly imprinted monolith column for selective recognition of acephate and phosphamidon in vegetables[END_REF][START_REF] Marchioni | In-tube solidphase microextraction with a dummy molecularly imprinted monolithic capillary coupled to ultra-performance liquid chromatography-tandem mass spectrometry to determine cannabinoids in plasma samples[END_REF][START_REF] He | Preparation, characterization and application of organicinorganic hybrid ractopamine multi-template molecularly imprinted capillary monolithic column[END_REF][START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF][START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF][START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF][START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF][START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF][START_REF] Zhao | Study on an electrochromatography method based on organic-inorganic hybrid molecularly imprinted monolith for determination of trace trichlorfon in vegetables: Determination of trichlorfon in vegetables[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF][START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF] or solid-state UV-vis [38,[START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF][START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF] was also used to determine the characteristic chemical functions that make up the MIPs and NIPs. By comparing the spectra before and after the template removal, it is possible to confirm that this step was successfully completed. However, all these measurements can only be done with monoliths synthesized in larger dimensions and are therefore not fully representative of the miniaturized monoliths really synthesized in a capillary or channel.

5.1.2.Hybrid organic-inorganic monolithic molecularly imprinted polymers

Although predominantly reported, organic monoliths exposed to different solvents may shrink or swell [START_REF] Masini | Porous monoliths for on-line sample preparation: A review[END_REF]. These perturbations may alter the morphology and structure of the polymer network, thus affecting its performances. Hybrid monolithic MIPs benefit from the advantageous features of both the organic (simple polymerization procedures but also tunable porosity and surface chemistry) and inorganic (excellent mechanical strength and good solvent resistance) materials [START_REF] Masini | Porous monoliths for on-line sample preparation: A review[END_REF]. A first approach consisted in the use of γ-MAPS as a cross-linker [START_REF] Wang | Synthesis and evaluation of organic-inorganic hybrid molecularly imprinted monolith column for selective recognition of acephate and phosphamidon in vegetables[END_REF][START_REF] He | Preparation, characterization and application of organicinorganic hybrid ractopamine multi-template molecularly imprinted capillary monolithic column[END_REF][START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF][START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF][START_REF] Zhao | Study on an electrochromatography method based on organic-inorganic hybrid molecularly imprinted monolith for determination of trace trichlorfon in vegetables: Determination of trichlorfon in vegetables[END_REF]. Wang et al. even combined this reagent with a ternary porogen made of an ionic liquid, acetonitrile, and chloroform [START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF]. Thus, a poly(MAA-γ-MAPS) imprinted with S-naproxen was synthesized under a non-hydrolytic sol-gel process, that does not require aging and drying steps at high temperatures but also avoids the cracking and shrinking phenomena. The ionic liquid has properties including a high ionic strength that increase the rate of aggregation. Lin et al. also succeeded in synthesizing an hybrid monolithic MIP, where polycondensation and polymerization were subsequently carried out in a 25 cm x 75 µm capillary, with lysozyme protein as template [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF]. The poly(MAA-MBAA-TMOS)-based MIP allowed the combination of the rigidity from silica matrix and the flexibility from organic hydrogel.

Synthesis of a molecularly imprinted polymer at the surface of a monolithic core

Instead filling the whole section of a capillary or a channel, MIP can be prepared as a layer at the surface of an organic or inorganic core monolith, as described in Table 5. This approach takes advantage of the permeability and large specific surface area of the core monolith and of a reduced amount of template to synthesize a MIP in closer conditions of bulk synthesis. This explains the absence of dodecanol and isooctane in the porogen composition for most of the reported works [40,[START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF]. However, the resulting volume of MIP phase is intermediate between that obtained by open tubular approach and by filling the entire section of the capillary by a monolithic MIP. Organic core monolith based on poly(TRIM) [40,[START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF][START_REF] Oxelbark | Chromatographic comparison of bupivacaine imprinted polymers prepared in crushed monolith, microsphere, silica-based composite and capillary monolith formats[END_REF][START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF] or inorganic poly(TMOS) monolith formed by sol-gel process [START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF] were reported. In a second step, template, monomer, cross-linker and solvents, the same as in conventional MIP synthesis, are introduced to produce the thin film of MIP on the core monolith. In the reported works, the polymerization was initiated with AIBN either thermally [40,[START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF] or photochemically [40,[START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF][START_REF] Oxelbark | Chromatographic comparison of bupivacaine imprinted polymers prepared in crushed monolith, microsphere, silica-based composite and capillary monolith formats[END_REF]. To develop a MIP for a glycoprotein, Lin et al. [START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF] reported the synthesis on a core monolith based on 4-vinylphenylboronic acid as monomer. The polymerization of the MIP layer using dopamine was induced after the complexation of horseradish peroxidase by its glycans (by their diol moieties) with the boronate functionalities of the core monolith allowing the orientation of the protein.

In the particular case of MIPs synthesized on a monolithic core, the permeability measurement was reported only once, being equal to 0.3-1.8 x 10 -14 m 2 , also showing the influence of the synthesis temperature on this parameter [40]. Further information can be obtained from other characterization techniques (porosity or specific surface) even if they were always performed with a larger material. Moreover, SEM can give an estimated thickness of the monolithic MIP coating as reported in a single study at a value of about 0.2 µm [START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF]. The thickness of this film represents a clear advantage for the separation but the low quantity of MIP makes these materials relatively unsuitable for extraction, which explains why most of the materials obtained via this synthesis pathway were dedicated to separation, whether in CEC [START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF] or nanoLC [START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF][START_REF] Oxelbark | Chromatographic comparison of bupivacaine imprinted polymers prepared in crushed monolith, microsphere, silica-based composite and capillary monolith formats[END_REF].

Monolithic molecularly imprinted polymers for separations in CEC and nanoLC

Half of the works of miniaturized imprinted monoliths is as stationary phase in separation techniques such as in CEC and to a lesser extent in nanoLC. The monolithic MIPs in devices dedicated to separation purposes have a diameter ranging from 25 to 320 µm with a majority at 100 µm and their lengths fluctuate between 4 and 100 cm, which represent phase volumes ranging from 25 nL to 4 µL (Table 6). As visible in this table, a large number of publications indicated that they are particularly effective for the separation of enantiomers [START_REF] Liao | A molecularly imprinted monolith for the fast chiral separation of antiparasitic drugs by pressurized CEC[END_REF][START_REF] He | Preparation, characterization and application of organicinorganic hybrid ractopamine multi-template molecularly imprinted capillary monolithic column[END_REF][START_REF] Li | Investigation of enantiomer recognition of molecularly imprinted polymeric monoliths in pressurized capillary electrochromatography screening the amino acids and their derivatives[END_REF][START_REF] Yan | Capillary electrochromatographic separation of ionizable compounds with a molecular imprinted monolithic cationic exchange column[END_REF][START_REF] Liao | Preparation and characterization of a molecularly imprinted monolithic column for pressure-assisted CEC separation of nitroimidazole drugs[END_REF][START_REF] Ou | Enantioseparation of tetrahydropalmatine and Tröger's base by molecularly imprinted monolith in capillary electrochromatography[END_REF][START_REF] Schweitz | Capillary electrochromatography with molecular imprint-based selectivity for enantiomer separation of local anaesthetics[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF][START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF][START_REF] Huang | Preparation and evaluation of a monolithic molecularly imprinted polymer for the chiral separation of neurotransmitters and their analogues by capillary electrochromatography[END_REF] and structural analogues [START_REF] Wang | Synthesis and evaluation of organic-inorganic hybrid molecularly imprinted monolith column for selective recognition of acephate and phosphamidon in vegetables[END_REF][START_REF] Zaidi | Dual-templates molecularly imprinted monolithic columns for the evaluation of serotonin and histamine in CEC: CE and CEC[END_REF][START_REF] Liao | Preparation and characterization of a molecularly imprinted monolithic column for pressure-assisted CEC separation of nitroimidazole drugs[END_REF][START_REF] Zheng | Recognition of oxytocin by capillary electrochromatography with monolithic tetrapeptide-imprinted polymer used as the stationary phase[END_REF][START_REF] Zheng | Mechanism of molecular recognition on tetrapetideimprinted monolith by capillary electrochromatography[END_REF][START_REF] Aşır | Triazine herbicide imprinted monolithic column for capillary electrochromatography: CE and CEC[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF][START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF]. For the enantiomeric separation, the resolution can be used in the same way as for the open tubular approach to highlight the contribution of the specific cavities. For the separation of structural analogs, the criterion that best reflects the MIP performance in CEC or nanoLC is the imprinting factor (IF) [START_REF] Zaidi | Dual-templates molecularly imprinted monolithic columns for the evaluation of serotonin and histamine in CEC: CE and CEC[END_REF][START_REF] Zheng | Recognition of oxytocin by capillary electrochromatography with monolithic tetrapeptide-imprinted polymer used as the stationary phase[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Aşır | Triazine herbicide imprinted monolithic column for capillary electrochromatography: CE and CEC[END_REF][START_REF] Aşir | Dopamine-imprinted monolithic column for capillary electrochromatography[END_REF][START_REF] Şarkaya | Electrochromatographic separation of hydrophobic amino acid enantiomers by molecularly imprinted capillary columns[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF][START_REF] He | Preparation and characterization of molecularly imprinted silica monolith for screening sulfamethazine[END_REF][START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF][START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF][START_REF] Oxelbark | Chromatographic comparison of bupivacaine imprinted polymers prepared in crushed monolith, microsphere, silica-based composite and capillary monolith formats[END_REF], that is defined as the ratio of the retention factors k of a compound on the MIP and NIP phases (IF = kMIP / kNIP with k = (tr -t0)/t0 where tr is the retention time of the compound and t0 the retention time of a non-retained compound). It is also essential to pay attention to other figures of merit of the method, i.e. its repeatability whatever the synthesis or the separation, and the lifetime of the columns. Schweitz et al. [START_REF] Schweitz | Capillary electrochromatography with molecular imprint-based selectivity for enantiomer separation of local anaesthetics[END_REF] were the first to perform a chiral separation with a monolithic MIP in a capillary of 75 µm i.d.. An optimal ratio of monomers, template, and porogen solvent was determined to obtain a monolithic MIP possessing good flow-through characteristics, then, pH and organic solvent content of the mobile phase were optimized to separate R-and Sropivacaine. However, no Rs was provided. The highest Rs value was reported by Wang et al. [START_REF] Wang | A room temperature ionic liquid (RTIL)mediated, non-hydrolytic sol-gel methodology to prepare molecularly imprinted, silica-based hybrid monoliths for chiral separation[END_REF] for the separation of R,S-naproxen with a resolution of 8.82 obtained with a MIP prepared by adding a ionic liquid in the porogen. Two different stationary phases were developed by Ou et al. for the CEC separation of tetrahydropalmatine or Tröger's base, either an organic monolithic MIP [START_REF] Ou | Enantioseparation of tetrahydropalmatine and Tröger's base by molecularly imprinted monolith in capillary electrochromatography[END_REF] or an organic MIP layer on a silica-based core monolith [START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF]. The enantioseparation was achieved within 4 min with both MIPs but the MIP prepared on the silica-based core monolith led to the best column efficiency and stability. In addition, the column-to-column and batch-to-batch repeatability was studied on retention times and EOF and RSD values (n = 3) lower than 8% were obtained. A MIP synthesized at the surface of a poly(TRIM) monolith was used for the CEC enantioseparation of amlodipine [START_REF] Wei | Preparation and characterization of grafted imprinted monolith for capillary electrochromatography: CE and CEC[END_REF]. After having studied the influence of parameters such as the mobile phase composition, its pH value, and operating voltages, a strong recognition ability was obtained with a selectivity of 5.83 and a resolution of 7.99. The batch-to-batch RSDs (n = 3) for the retention time, column efficiency, and resolution were 1.67, 4.75, and 3.61%, respectively. Among the different works reported on the separation of structural analogues, one of them was done in the field of pesticides with an hybrid organic-inorganic monolithic MIP imprinted with carbaryl [START_REF] Zhang | Synthesis, characterization and application of organic-inorganic hybrid and carbaryl-imprinted capillary monolithic column[END_REF]. Three carbamates (carbaryl, fenobucarb, and metolcarb) were separated by CEC and led to IF of 7.57, 1.27, and 1.64, respectively. RSD values (n = 3) for retention times lower than 2.1% and 4.5% for the run-to-run and the column-to-column repeatability, respectively, were measured. Miniaturized imprinted monoliths were also applied to separate biological macromolecules. For example, Zheng et al. [START_REF] Zheng | Recognition of oxytocin by capillary electrochromatography with monolithic tetrapeptide-imprinted polymer used as the stationary phase[END_REF] studied the selective retention in CEC of nonapeptide oxytocin based on the epitope approach with a monolithic MIP synthesized using the tetrapeptide YPLG (Tyrosine-Proline-Leucine-Glycine) as template. This pseudo-dummy approach allowed to obtain a template soluble in the synthesis medium. By optimizing the polymerization mixture, a good selectivity was obtained for oxytocin with an IF of 4.01 and a column efficiency of 16,952 plates m -1 was achieved. To further investigate the MIP selectivity, a mixture of oxytocin and proteins including BSA, bovine hemoglobin, ovalbumin, and lysozyme was analyzed. All proteins were co-eluted except oxytocin. A separation factor, defined as the ratio of the retention times of the oxytocin peak to that of the co-eluted compounds, of 4.45 was obtained on MIP in opposition to 2.33 on NIP, demonstrating the selectivity of such support. It is possible to take advantage of the MIP selectivity to determine a single compound present in a complex sample containing other analytes. For example, a hybrid organic-inorganic monolithic MIP was used for the determination by CEC-UV of traces of trichlorfon in vegetable extracts with a limit of quantification (LOQ, based on a signal-to-noise ratio of 10) of 305.3 µg kg -1 [START_REF] Zhao | Study on an electrochromatography method based on organic-inorganic hybrid molecularly imprinted monolith for determination of trace trichlorfon in vegetables: Determination of trichlorfon in vegetables[END_REF]. Another example relies on the quantification of thiabendazole in citrus extracts in CEC-UV with an LOQ of 0.14 mg kg -1 , i.e. below the established maximum residue limits for control of this fungicide [START_REF] Cacho | Molecularly imprinted capillary electrochromatography for selective determination of thiabendazole in citrus samples[END_REF]. Enantioseparation and separation of structural analogs can also be achieved simultaneously. Indeed, an organic monolith imprinted with (-)-norepinephrine allowed the CEC separation of six neurotransmitters and their enantiomers including dopamine, epinephrine, isoproterenol, octapamine, synephrine, and norepinephrine [START_REF] Huang | Preparation and evaluation of a monolithic molecularly imprinted polymer for the chiral separation of neurotransmitters and their analogues by capillary electrochromatography[END_REF]. In pure medium, an average separation efficiency of 98,000 plates m -1 was calculated and stability tests established that separation was still achieved after 2 months and more than 600 injections. CEC was also performed for spiked urine samples and neurotransmitters were still separated but the salts present in urine reduced drastically the chiral separation of all the analytes and only the template, norepinephrine, was enantioseparated. The synthesis of monolithic MIPs in capillaries was a significant progress in miniaturization. Another objective is their integration into a µ-TAS. In this context, a hybrid microsystem was described, based on the introduction of a capillary containing the MIP into a chip [START_REF] Qu | Convenient enantioseparation by monolithic imprinted capillary clamped in a chip with electrochemical detection[END_REF]. This portable device applied to the CEC enantioseparation of D,L-tyrosine consists of a capillary of 25 μm i.d. and 5 cm long containing a poly(AA-co-EGDMA) polymer imprinted with L-tyrosine and coupled to a carbon fiber microdisk working electrode for amperometric detection. A resolution of 2.40 was achieved within 55 s with RSDs (n = 6) for retention time and peak area of 1.2-1.4 and 2.4-2.8% for run-to-run, 2.3-2.4 and 4.3-5.1% for day-to-day, and 3.2-4.2 and 5.8-6.8% for chip-to-chip, respectively, suggesting a good stability of MIP, but also that the MIP-based chips have a good manufacturing reproducibility. It can be noticed that the open tubular approach proposed by the same author for CEC enantioseparation led to lower separation performances for the same targets due to the low volume of MIP stationary phase in the capillary with a resolution of 1.02 for the enantioseparation of D,L-tyrosine [START_REF] Qu | Simultaneous multiple enantioseparation with a onepot imprinted microfluidic channel by microchip capillary electrochromatography[END_REF]. Imprinted monoliths were also used in nanoLC [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF][START_REF] Ou | Preparation and evaluation of a molecularly imprinted polymer derivatized silica monolithic column for capillary electrochromatography and capillary liquid chromatography[END_REF][START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF][START_REF] Oxelbark | Chromatographic comparison of bupivacaine imprinted polymers prepared in crushed monolith, microsphere, silica-based composite and capillary monolith formats[END_REF]. Three supports were synthesized with different templates including bupivacaine, mepivacaine, and S-ropivacaine [START_REF] Courtois | Molecularly imprinted polymers grafted to flow through poly(trimethylolpropane trimethacrylate) monoliths for capillary-based solid-phase extraction[END_REF]. Very encouraging IFs were obtained (29, 14, and 43, respectively) with low retention on the monolithic NIP. However, the difficulties for authors in determining t0 makes the uncertainty of this parameter relatively large. IFs were calculated based on the center of gravity of the peaks, it is therefore necessary to put the results into perspective.

Monolithic molecularly imprinted polymers in extraction

The monolithic approach for selective extraction in capillaries or channels is the most widely reported one, because of its advantages in terms of phase quantity compared to the open tubular MIPs, and of ease of preparation and higher homogeneity compared to packing of MIP particles.

5.4.1.Molecularly imprinted polymers in capillaries

Miniaturized monolithic MIPs synthesized in capillaries were used for extraction of various targets such as drugs [START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF][START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF], biomarkers [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF], proteins [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF], dyes [START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Li | Preparation and evaluation of a novel molecularly imprinted SPE monolithic capillary column for the determination of auramine O in shrimp: Sample Preparation[END_REF], fungicides [START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF], or toxins [38,40] in different complex matrices including urine [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF][START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF], saliva [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF], food [38,[START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Li | Preparation and evaluation of a novel molecularly imprinted SPE monolithic capillary column for the determination of auramine O in shrimp: Sample Preparation[END_REF][START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF], plants [START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF], or serum [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF] (Table 7).

Although being an important parameter in extraction, binding capacities calculated at miniaturized scale are difficult to compare because they are not expressed in the same unit (ng mg -1 or ng cm -3 ) and for molecules of different molecular weights. Nevertheless, for values expressed in the same unit, most values are between 60 and 4,000 ng mg -1 . To improve this capacity, new approaches of synthesis were recently described [38,[START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF][START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF]. As an example, carbon quantum dots [38], multi-walled carbon nanotubes [START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF], silanized graphene oxide (SGO) [START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF], and silver-modified graphene oxide [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF] were introduced in the polymerization mixture to improve the specific surface areas. The use of acryloyl-βcyclodextrin with MAA as dual-functional monomers was also proposed to improve the adsorption capacities of the MIP for thiabendazole [START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF]. SGO was also combined with a metal ion, Zn 2+ , to stabilize the template-monomer complex before the polymerization thus allowing a higher adsorption capacity of the resulting MIP [START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF]. POSS, i.e. nano-building blocks with cage like architecture containing silicon and oxygen, was also proposed with EGDMA as cocross-linkers and VP as monomer to get a hybrid monolithic MIP for baicalin with reinforced physical properties and enhanced adsorption capacity [START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF]. Most of the reported applications deal with sample extracts diluted in solvents similar to the porogen used for the synthesis and thus adapted to develop the appropriate interactions between the target compounds and the cavities. The selectivity can be checked, as previously mentioned, by studying the behavior of the target analyte(s) in parallel on the NIP, the ratio of retention factors k between both sorbents allowing to calculate the IF. Values between 2.2 and 3.4 were reported [40,[START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF][START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF]. As shown in Table 7, most of the published works reported monolithic MIPs synthesized in 3.5-10 cm length and 500-530 µm i.d. capillaries that were off-line used before conventional LC analysis (4.6 mm i.d. column) [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF]38,[START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Li | Preparation and evaluation of a novel molecularly imprinted SPE monolithic capillary column for the determination of auramine O in shrimp: Sample Preparation[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF]. The percolated volumes ranged from 1 to 8 mL and are therefore close to volumes percolated on SPE cartridges to obtain sufficient EF and enough sensitivity in LC. For example, Zheng et al. developed a monolith imprinted with pefloxacin for the selective extraction of four fluoroquinolones from milk samples [START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF]. The selectivity was demonstrated as an IF of 3.1 was determined by LC measurements for the template. It was also demonstrated by calculating the ratio of extraction recoveries between MIP and NIP for pefloxacin and the four other fluoroquinolones and values between 1.7 and 3.6 were obtained in pure medium. To highlight the performance of the monolithic MIP, extractions with a spiked milk sample on the miniaturized monolithic MIP and a C18 sorbent in a SPE cartridge were compared. While no interference was observed after the extraction on the MIP, several interfering peaks were observed after extraction on C18 due to non-specific interactions. For a monolithic MIP prepared in a capillary for the selective extraction of safranin T in wolfberry further analyzed by LC-LIF a recovery of 80.7% was obtained on the MIP compared to 23.4% on the NIP in pure medium [START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF] and an EF higher than 90 was calculated with a wolfberry sample by comparing chromatograms obtained before and after its extraction on MIP. Monolithic MIPs in capillary with high i.d. dimensions (500 or 530 µm) were reported for an off-line used with CE analysis, allowing to achieve both extraction and separation steps at miniaturized scale [START_REF] Zhang | Determination of low urinary 8-hydroxy-2`deoxyguanosine excretion with capillary electrophoresis and molecularly imprinted monolith solid phase microextraction[END_REF][START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF]. Monolithic MIPs synthesized in capillaries with smaller i.d. (75-100 µm) but very long (25 cm) were also applied for extraction of biological macromolecules before off-line SDS-PAGE analyses [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF][START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF]. These monolithic MIPs were imprinted with horseradish peroxidase (45 kDa) [START_REF] Lin | Preparation of boronatefunctionalized molecularly imprinted monolithic column with polydopamine coating for glycoprotein recognition and enrichment[END_REF] or lysozyme (14.4 kDa) [START_REF] Lin | One-pot preparation of a molecularly imprinted hybrid monolithic capillary column for selective recognition and capture of lysozyme[END_REF] and applied to the extraction of the target proteins from spiked human sera diluted 500 times. As indicated in Table 7, another significant part of the studies focused on the on-line coupling of the MIP extraction with conventional LC separation columns (4.6 mm [36,93,95] or 2.1 mm [START_REF] Marchioni | In-tube solidphase microextraction with a dummy molecularly imprinted monolithic capillary coupled to ultra-performance liquid chromatography-tandem mass spectrometry to determine cannabinoids in plasma samples[END_REF] i.d.). In these cases, the general trend is towards a reduction of the i.d. of the capillary containing the monolithic MIP compared with the ones used for off-line applications, with i.d. values between 250 and 500 µm and with lengths between 10 and 25 cm. For example, Zhang et al. achieved trace analysis of antimicrobials (sulfaquinoxaline, sulfametoxydiazine, sulfamethoxazole, mequindox, and quinocetone) in chicken, pork, and egg samples with a monolithic MIP imprinted with sulfaquinoxaline in a 12 cm x 320 µm capillary coupled on-line to LC-UV [START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF]. The selectivity was demonstrated by a ratio of extraction recoveries on MIP and NIP between 1.8 and 4.3 for the five studied compounds contained in pure medium. Szumski et al. were the first to propose an on-line miniaturized set-up by coupling a MIP prepared in a 100 µm i.d. capillary with a 180 µm i.d. analytical column for the nanoLC-LIF analysis of four aflatoxins (B1, B2, G1, and G2) [40]. With the injection of 5 µL of a model solution of four aflatoxins, the signal of the analytes was detected during the percolation step on the NIP, while the majority of these analytes was observed after the separation step when the MIP was used thus highlighting the selective contribution of the MIP in a pure medium. Concerning real sample application with this kind of miniaturized set-up, a work was recently conducted on a monolithic MIP imprinted with cocaine in a 100 µm i.d. capillary and coupled on-line to a 75 µm i.d. nanoLC column (Figure 3) [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF]. The selectivity of the MIP was first demonstrated by obtaining IF values of 3.2 ± 0.5 and 2.2 ± 0.3 (n = 3) by nanoLC measurements for cocaine and its main metabolite (benzoylecgonine), respectively, in pure media. After a careful optimization of the washing step implying the use of NIP in parallel to the MIP to control the non-retention on the NIP, cocaine was determined in biological fluids, i.e. plasma and saliva. Figure 3 presents the chromatograms obtained with spiked or blank saliva or plasma samples. The very low retention on NIP confirms IF values measured in pure media. The very clean-baseline obtained using the MIP allows the easy determination of the cocaine with UV detection with a LOQ of 6.1 and 14.5 ng mL -1 while injecting only 100 nL of saliva or 2 times diluted plasma, respectively. Such small volumes illustrate the excellent sensitivity of the miniaturized analytical system. Finally, Wen et al. proposed a simplified device by directly coupling the MIP to UV without any separation step [START_REF] Wen | Smart" molecularly imprinted monoliths for the selective capture and easy release of proteins: Other Techniques[END_REF]. The MIP was able to selectively capture and release myoglobin from 1 µL of a protein mixture in water containing myoglobin (1 mg mL -1 ), lysozyme (0.5 mg mL -1 ), and bovine serum albumin (0.5 mg mL -1 ). The retention behavior of the MIP was controlled by temperature, which induces a change in solvation, due to the temperature-responsive properties of the poly(N-isopropylacrylamide) constituting the MIP. However, there is no quantitative data on the extraction recoveries and no applications with real samples. The study of the repeatability of the MIP syntheses and analytical methods was very often omitted by the authors. When it was the case, most of the publications implemented the intraand inter-day study on recoveries [START_REF] Zhang | Determination of urinary 8-hydroxy-2′-deoxyguanosine by a combination of on-line molecularly imprinted monolithic solid phase microextraction with high performance liquid chromatography-ultraviolet detection: Sample Preparation[END_REF]38,[START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Yuan | Sensitive determination of rose bengal in brown sugar by a molecularly imprinted solid-phase extraction monolithic capillary column coupled with capillary electrophoresis[END_REF][START_REF] Su | Molecularly imprinted solid-phase extraction monolithic capillary column for selective extraction and sensitive determination of safranine T in wolfberry[END_REF][START_REF] Zhai | Novel coordination imprinted polymer monolithic column applied to the solid-phase extraction of flumequine from fish samples[END_REF][START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF]. The reproducibility of the synthesis was rarely reported and consisted in comparing the results of the recoveries obtained in pure medium with MIPs from different batches and without giving any data for the NIPs [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF][START_REF] Bi | Preparation of a POSS-hybridized molecularly imprinted monolith for the analysis of baicalin and its analogues in a microwave-assisted extract from Scutellaria baicalensis by means of on-line SPME-HPLC and off-line LC-MS/MS[END_REF]. Only two publications investigated the repeatability by comparing recoveries obtained with plasma samples and independently synthesized MIPs in capillaries [START_REF] Marchioni | In-tube solidphase microextraction with a dummy molecularly imprinted monolithic capillary coupled to ultra-performance liquid chromatography-tandem mass spectrometry to determine cannabinoids in plasma samples[END_REF][START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF]. The first one measured the permeability and IFs for independently synthesized MIPs with RSD (n = 3) of 3-17% [START_REF] Bouvarel | Selective extraction of cocaine from biological samples with a miniaturized monolithic molecularly imprinted polymer and on-line analysis in nanoliquid chromatography[END_REF], and the second one measured the adsorption capacities for independently synthesized MIPs and NIPs with RSDs (n = 3) of 2.3-5.0% [38]. At last, in order to reduce the analytical cost, the reusability of some MIPs was evaluated showing the possibility to use them at least 15 [38], 20 [START_REF] Liang | Molecularly imprinted monolithic column based on functionalized β-cyclodextrin and multi-walled carbon nanotubes for selective recognition of benzimidazole residues in citrus samples[END_REF], 50 [START_REF] Zhang | Molecularly imprinted monolith in-tube solid-phase microextraction coupled with HPLC/UV detection for determination of 8-hydroxy-2′deoxyguanosine in urine[END_REF][START_REF] Zheng | Selective sample pretreatment by molecularly imprinted polymer monolith for the analysis of fluoroquinolones from milk samples[END_REF][START_REF] Marchioni | In-tube solidphase microextraction with a dummy molecularly imprinted monolithic capillary coupled to ultra-performance liquid chromatography-tandem mass spectrometry to determine cannabinoids in plasma samples[END_REF], or 100 times [START_REF] Zhang | Porous molecularly imprinted monolithic capillary column for on-line extraction coupled to high-performance liquid chromatography for trace analysis of antimicrobials in food samples[END_REF] with no significant changes in column backpressure and extraction efficiency, although these studies were conducted in pure medium.

5.4.2.Molecularly imprinted polymers in chip microchannels

To date, as for their application in separation, only attempts to integrate monolithic MIPs by hybrid approaches, i.e. by introducing a capillary containing a MIP in a chip, were described in the literature [START_REF] Zhai | A glass/PDMS electrophoresis microchip embedded with molecular imprinting SPE monolith for contactless conductivity detection[END_REF][START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF]. A first hybrid approach consists in introducing a capillary (2.7 cm x 500 µm i.d.) containing a monolithic MIP into a glass/PDMS device that also contains a separation microchannel of 75 µm deep and 100 µm wide for on-line SPE-CE and conductivity detection. It was applied to the determination of auramine O in spiked shrimp extracts [START_REF] Zhai | A glass/PDMS electrophoresis microchip embedded with molecular imprinting SPE monolith for contactless conductivity detection[END_REF]. An EF of 12 was determined for an injection of 440 µL of a standard solution, but these results were given for off-line mode and unfortunately not for the on-line one. In addition, the concentration of the spiked extracts was of 5 µg mL -1 , which is high. This pioneer work dealing with a MIP involved in an on-line SPE-CE on chip was followed by two other works reported by the same group based again on broad capillaries of 500 µm i.d. used to selectively extract compounds from large samples of 8 mL before their off-line analysis in LC [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF]. These devices integrate four [START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF] or eight [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF] MIP capillaries (3.5-4 cm x 500 µm i.d.) in parallel in a chip for the simultaneous determination of bisphenol A and nonyl phenol in spiked fish sample extracts [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF] or rhodamine B from chili powder extracts [START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF]. RSD on recoveries between 3.4 and 4.1% were obtained for chip-to-chips [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF][START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF] and each MIP or chip could be reused at least 15 [START_REF] Huang | Chip-based dual-molecularly imprinted monolithic capillary array columns coated Ag/GO for selective extraction and simultaneous determination of bisphenol A and nonyl phenol in fish samples[END_REF] or 30 times [START_REF] Zhai | Chip-based molecularly imprinted monolithic capillary array columns coated GO/SiO2 for selective extraction and sensitive determination of rhodamine B in chili powder[END_REF]. In both cases, the eluted fractions were analyzed off-chip by LC-FLD. Therefore, many efforts remain to be made for the development of chips integrating MIP extraction, separation, and detection steps with an on-line mode, as it was the original purpose of the concept of µ-TAS. If the MIP selectivity is really high, one could even consider removing the separation step and thus simplify the chip device by only integrating the detection device.

Conclusions and perspectives

The current analytical chemistry literature is rich in works on miniaturized devices to meet the societal demand for reliable, fast, inexpensive, and low solvent/sample consuming analyses. All the steps of the analysis must be redesigned and the development of miniaturized selective sorbents such as MIPs is therefore essential for both extraction and separation applications. Various methods allowing the miniaturization of MIPs were referenced such as open tubular, packed particles, magnetic nanoparticles, and of course in situ synthesis of imprinted monoliths, which in the light of the diversity of applications proposed in this review seems to be the most completely developed approach. Throughout the review, we highlighted the diversity of approaches leading to the preparation of monolithic MIP in capillaries or in chip microchannels with different combinations of templates, monomers, cross-linkers, and porogen solvents. The targets are of various natures and range from small molecules to glycoproteins. These devices have demonstrated great potential for separation and extraction applications. For the latter area, a significant progress has been made by the authors by having carried out applications with real samples such as biological, environmental, and food ones, although it appears that development in pure medium still concerns the majority of publications. However, the main aspect to be improved is the description of the repeatability of the syntheses and the lifetime of the systems, particularly when applying real samples, which are characteristics that have been insufficiently studied. Further developments of in situ MIPs synthesized in capillaries can undoubtedly be expected. This approach is particularly interesting in view of the development of coupling all the stages of analysis and tending towards lab-on-chip type systems. In the context of these developments, the high selectivity generated by the MIP is an obvious advantage. It allows a lower resolution requirement of the separation systems, whose length can be greatly reduced, and even allows to move towards systems where the MIP used as a support for selective concentration or retention will require just downstream the integration of a detection step. 

Figure 1 .

 1 Figure 1. Open tubular CEC separation with a MIP stationary phase in a capillary (50 µm i.d.) with a length of 1 m (A), 2 m (B), and 3 m (C). CEC conditions: ACN/sodium acetate 60 mM at pH 3.5 (92/8 (ν/ν)), applied voltage of +30 kV, UV detection at 214 nm. Peaks attribution: Acetone (1), Racemic naproxen (2), Racemic ibuprofen (3), Racemic fenoprofen (4), R-ketoprofen (5), and S-ketoprofen[START_REF] Saylan | Molecularly imprinted polymer based sensors for medical applications[END_REF]. Scanning electron micrograph of the MIP synthesized with S-ketoprofen in the capillary cross section (I) and enlargement in the region of the capillary wall (II). Adapted from[START_REF] Zaidi | Long open tubular molecule imprinted polymer capillary columns with excellent separation efficiencies in chiral and non-chiral separation by capillary electrochromatography[END_REF].

Figure 2 .

 2 Figure 2. (Left) MIP magnetic nanoparticles used in a chip device and (Right) chromatograms of the CEC separation of R,S-ofloxacin in a microchannel empty (A) or filled with a NIP (B) or a MIP (C). CEC conditions: ACN/acetate buffer 40 mM at pH 4.0 (9/1 (ν/ν)), detection potential of +1.0 V, injection voltage of 200 V for 2 s and separation voltage of 1200 V. AE: Auxiliary electrode; BR: Buffer reservoir; DR: Detection reservoir; E1, E2, E3, and E4: Electrodes for applying sampling and separation voltages; RE: Reference electrode; SR: Sample reservoir; WE: Working electrode. Adapted from [66].

Figure 3 .

 3 Figure 3. Set-up of the on-line coupling of the monolithic MIP/NIP (50 mm x 100 μm i.d.) with nanoLC-UV (Top). Chromatograms (Left) obtained after the extraction on MIP (A) and NIP (B) of 50 nL of plasma spiked with cocaine (equivalent to 100 ng mL -1 in plasma) compared to the blank plasma (C) on MIP and chromatograms (Right) obtained after the extraction on MIP (D) and NIP (E) of 50 nL of saliva spiked with 50 ng mL -1 of cocaine compared to the blank plasma (F) on MIP. Adapted from [86].

  

Table 1 .

 1 Conditions of synthesis and performances of MIPs in open tubular format.

	Target*	M/CL/Solvent (ν:ν)	T/M/CL	Dimensions	α	RS (RSD,	N in plates/m	Other parameter RSD	Ref.
			(mol/mol/mol)	(L (l) x i.d. x t) **		repetitio	(RSD, repetition	(repetition number)	
						n	number)		
						number)			
	CEC applications								
	Adenosine, Thymine,	MAA/EGDMA/ACN	1/12/18	70 cm (50) x 75 µm x -	-	-	2,600-75,300	tr: < 6,69% (n = 7)	[45]
	Guanine, Cytosine (9-								
	Ethyladenine)								
	R,S-Amlodipine	MAA+MA0702/MAM/Toluene:Iso	1/4+4.7/4	47.5 cm (37) x 100 µm x 0.1-	-	14.8 (<	35,300 (R)	-	[46]
		octane (90:10)		0.2 µm		3.01%,	31,700 (S)		
						nB/B = ?)			
	R,S-Amlodipine	MAA/Ov-POSS/Chloroform	1/3/1.5	47.5 cm (37) x 100 µm x 0.1-	2.60	33.0	77,600 (R)	tr: 0.80-1.29% (nB/B = ?) [47]
				0.2 µm		(2.08%,	54,000 (S)		
						nB/B = ?)	(2.57-4.06%, nB/B		
							= ?)		
	Boc-D,L-Trp	AA/EGDMA/ACN:Isooctane (96:4) 1/4/20	8 cm (-) x 25 μm x 2.5 µm	-	1.3	-	tr: 3.3-3.6% (nC/C = 3)	[39]
	Dansyl-D,L-								
	phenylalanine								

MAA+VP/EGDMA/Toluene:ACN

The authors have declared no conflict of interest.

* Template indicated in bracket when different from target or underlined for a mixture of targets. ** L (l) x i.d. x t: total length (effective length in cm) x internal diameter x MIP thickness. *** Results obtained in pure medium. * Template indicated in bracket when different from target or underlined for a mixture of targets. * L (l) x i.d.: total length (effective length for CEC in cm) x internal diameter.