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I also owe my sincere gratitude to my colleagues and friends who accompanied me during Parmi les différentes matières premières biosourcées utilisées pour fabriquer des matériaux polymères, les huiles végétales sont prometteuses pour leur faible coût et leur dégradabilité intrinsèque, mais aussi parce que leur production est déjà optimisée pour l'industrie alimentaire. L'huile de soja époxydée acrylée (AESO) est un exemple des dérivés d'huiles végétales qui sont utilisés comme additifs plastifiants pour la formulation du polymère. Seule, l'AESO peut être facilement et rapidement polymérisée pour donner un polymère thermodurcissable. Cependant, en raison de sa viscosité intrinsèque élevée, la plupart des recherches sur les polymères à base d'AESO se sont concentrées jusqu'à présent sur les propriétés de masse, de revêtement ou de film de ce matériau, laissant dans l'ombre la possibilité de fabriquer des matériaux à haute valeur ajoutée.

Ce travail se concentre sur la fabrication et l'application des microparticules d'AESO. Nous présentons d'abord une approche simple à travers un mélangeur vortex pour préparer les particules AESO polydispersées basées sur la photopolymérisation en émulsion. Les microparticules AESO synthétisées présentent une bonne dégradabilité dans des conditions chimiques et enzymatiques. Ensuite, nous développons un dispositif microfluidique " one pot " avec une structure de focalisation du flux pour l'émulsification et une zone serpentine pour la réticulation induite par les UV, qui peut être utilisé pour produire en continu des particules AESO monodispersées avec une taille réglable. Nous démontrons également la méthode basée sur les puces microfluidiques modifiées pour préparer les particules non sphériques, où une puce avec une jonction de focalisation d'écoulement en forme de Y est utilisée pour préparer les particules AESO en forme de croissant et une autre puce avec une double jonction de focalisation d'écoulement est utilisée pour synthétiser les particules AESO structurées en coquille de trou. De plus, des microcapsules d'AESO sont fabriquées par la puce personnalisée et elles sont disponibles pour encapsuler des solutions ou des substances aqueuses. Enfin, nous montrons la capacité des microparticules AESO à transporter les molécules organiques dans leurs réseaux réticulés et utilisons des méthodes similaires pour charger les médicaments (curcumine et ibuprofène). Le comportement de libération des médicaments dans le fluide corporel simulé peut être observé, ce qui peut constituer un support prometteur pour d'autres applications pharmaceutiques. 
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The fatty acid compositions of the common vegetable oils [START_REF] Belgacem | Monomers, Polymers and Composites from Renewable Resources[END_REF] Table 3-1 Detailed information of different chemical degradation media. (9 million barrels) was used to produce plastics. [START_REF]Oil Demand for Plastics Production Worldwide in 2019, 2050, and 2060[END_REF]2] Due to the continuous growth in the market demand for polymer materials, this proportion is expected to be more than 20% in 2050. Based on this situation, we have to face the reality that fossil resources are a kind of non-renewable resource with limited reserves.

In addition, about 50% to 60% of polymer materials are discarded after using, these plastic wastes are difficult to decompose, ordinary plastic products take 100 to 150 years to fully decompose, resulting in a large amount of permanent garbage. [3] Generally, landfill, incineration and recycling are three main methods for the treatment of polymer material waste, but they all have insurmountable shortcomings. For example, the landfill method not only has long-term harm to the land, but also occupy the available land. The burning of polymer materials will release a large number of harmful gases. There are difficulties in collecting, sorting and pyrolysis of the waste plastics for recycling, which leads to a high cost. [4] To deal with above problems, the "greening" will be the future development trend of polymer materials. [5] The concept of green chemistry was first proposed in 1998, [6] and was extended to the polymer field in 1999 as the green polymer chemistry. [7] In recent years, many researches based on green polymer chemistry have been carried out in the field of industry production. [7][START_REF] Shoda | White Biotechnology for Sustainable Chemistry[END_REF][START_REF] Shoda | [END_REF] An ideal green polymer material can form a green closed-loop cycle, [10] as shown in Figure 1-1, which mainly includes seven innovation leverage points (ILPs). ILP1-4 represents the conversion of renewable resources into green feedstocks, monomers, polymers, and products through efficient catalytic strategies that can be economically produced to meet commodity needs.

ILP5-7 represents 3 routes for the recovery, recycle and degradation of polymers. Therefore, the research on the novel environmentally friendly polymer focuses on the utilization of renewable resources as raw materials for fabrication and the degradability of the material products.

Figure 1-1 Different models of industrial ecology for plastics industry and innovation leverage points (ILP) for the development of sustainable polymers

with closed-loop life cycles. [10] 1.1.2 Renewable bio-based feedstocks

In order to meet the sustainable development goals of green chemistry, choosing non-toxic and harmless bio-based monomers to replace petroleumbased is the first step to realize green manufacturing. So far, most bio-based monomers are produced from sugar-rich or starch-rich feedstocks such as corn and sugarcane. [11] In addition, the utilization of the non-food sources such as lignocellulose is also another important direction. [12] Common renewable raw materials are mainly divided into pinene, vegetable oil and plant polysaccharides, etc., which can be used to prepare monomers for further synthesis of useful polymer materials. At present, some researchers have been committed to develop the green monomers, and some representative progresses are shown in Figure 12.

Figure 1-2

Options for replacing petrochemicals as raw materials in the manufacture of polymers. [13] 1.1.

Plant polysaccharides

More than 150 billion tons of plant polysaccharides are produced in nature each year, while the polysaccharides consumed by humans account for only 1%. They can be further prepared into synthetic polymer materials after separation and depolymerization. Braskem company introduced the green polyethylene (PE) to the market in 2010. [START_REF] De Andrade Coutinho | Catalytic Process Development for Renewable Materials[END_REF] They convert polysaccharide (sugarcane) into ethanol, which is then cracked to obtain ethylene as the monomer of polymers. However, this product is mainly used as food packaging material due to insufficient output. Starch is another common plant polysaccharide, which can be fermented to get the lactic acid, and be further polymerized to produce polylactic acid (PLA). [START_REF] Gürler | [END_REF] Another kind of polyesters that can be prepared from plant polysaccharides are polyhydroxyalkanoates (PHAs), which can be obtained directly from microorganisms with an excellent yields without intermediate monomer isolation. [16] Fructose or glucose can be converted into hydroxymethylfurfural (HMF) through acidification and dehydration reactions [17] for the preparation of polyethylene furanoate (PEF).

Cellulose is the most abundant renewable resource on earth, which is the main structural component of plant cell walls. Cellulose nanocomposites have revolutionized the medical field and are widely used in tissue engineering and wound healing. In addition, cellulose-based ethanol production is significant to reduce the dependence on the traditional energy sources. [18] 1.1.

Vegetable oil

Vegetable oils are the most widely used raw materials for the preparation of triglycerides, and the common sources of renewable vegetable oils are castor, soybean, oil palm, and sunflower. The carboxyl groups in vegetable oil facilitate esterification and amination, and the double bonds in it can undergo hydrogenation and cyclization. The presence of hydroxyl groups facilitates acetylation, alkoxylation and dehydration reactions. [19,20] Therefore, the existence of these unique functional groups is helpful for the preparation of various polymers, such as polyethers, polyesters, polyamides, etc. [21] Stempfle et al. [22] used raw materials from renewable vegetable oils and microalgae oil to obtain high molecular weight polyesters and polycarbonates (PC) with structures and properties similar to PE. These two materials are not affected by the functional groups of carbonate and ester in the molecular chain and are mainly formed with the crystallization of neatly arranged hydrocarbon segments, which almost meet all the requirements of ideal polymers.

Lignin

Lignin is rich in hydroxyl group and can be used as polyol segment in the synthesis polyurethane (PU) to prepare green polymer materials. [23] However, due to the complex structure of lignin, its hydroxyl groups are often sterically hindered and cannot directly participate in the polymerization reaction to form the homogeneous structure of hard and soft segments in typical of traditional polyurethanes. [24] Therefore, decomposing lignin macromolecules into low molecular weight monomers is an important way to prepare ligninbased PU. [25] Mahmood et al. [26] developed a method of hydrolyzing lignin under alkaline aqueous conditions, where the obtained polyol obtained can prepare rigid PU foam with high thermal conductivity. Besides, Ma et al. [27] reported the preparation of a bio-based flame retardant epoxy resin. They prepared a Schiff base intermediate by linking two lignin derivative vanillin units with two different diamines, and reacted it in situ with diethyl phosphite, and the resulting molecule was further reacted with epichlorohydrin to form epoxy resin.

Terpenes

Terpenes and terpenoids are constituents of plant essential oils, and they have an isoprene unit in their chemical structure. [28] The most typical example of polyterpene is natural rubber, with an annual output of more than 10,000 kt, whose main component is polyisoprene.

Other terpenoids have also been studied as monomers for polymer production, including α-pinene, β-pinene, and limonene, etc. [29] Generally, terpenoid-based polymers have relatively low molecular weight and poor processing properties., A higher molecular weight can be obtained by using the cationic polymerization of β-pinene following hydrogenation. [30] The obtained polymer has similar thermal and mechanical properties with polymethyl methacrylate (PMMA) and with higher light transmittance. Another approach is to copolymerize terpenes with common petrochemical-derived vinyl monomers such as methacrylates by means of free radical polymerization to produce polymer materials. [31] To sum up, although there are many substances in nature that are promising as raw materials to produce polymer materials, they can only be used as a branch of polymer materials manufacturing at present and cannot completely replace petroleum-based materials. On the one hand, the output of bio-based raw materials is affected by the natural climate, etc. On the other hand, there is a series of chemical or biochemical processes from them to available monomers, and the production process and efficiency also need to be further optimized and developed. In comparison, vegetable oil stands out due to its easy availability, low cost, degradability, and good biocompatibility. Its chemical modification and polymerization are facile without the requirement of complex industrial equipment, and some its derivatives have been commercialized, making it a promising candidate for the green polymers.

Degradability of polymers

Another manifestation of the greening of polymer materials is degradability.

Degradable polymers can usually be decomposed by external factors under certain conditions (such as light, heat, microorganisms, chemical environment, etc.), where the polymer chains are broken, and their molecular weight is gradually reduced, so that it eventually becomes the monomers or other small molecules. The utilization of degradable polymer materials can greatly reduce the amount of waste, alleviate environmental pollution, and realize the recycling of materials. The study of the degradation mechanism is beneficial to the development of degradable polymers with excellent performance.

Photodegradation

The mechanism of photodegradation is that the photochemical reactions are triggered under the irradiation of sunlight (mainly UV light), and the chains of polymer compounds are broken and decomposed to form the environmentfriendly segments with low molecular weight. When the polymer possesses the photosensitive groups (such as azobenzene, spiropyran, and diethylbenzene, etc.), its structure and properties can be changed under the irradiation. [32] Wang et al. [33] prepared a amphiphilic diblock copolymer with the structure of azophenylacrylic acid, which can undergo reversible dissociation and assembly under the irradiation of 360 nm UV light and 440 nm visible light, respectively. Another method is the blending, that is, the photosensitizer, the light stabilizer and the photodegradable polymer are mixed, and then extruded to form a film. By adjusting the content of various components, the degradation speed and time can be regulated, which lead to a higher degradation efficiency. However, photodegradable polymer can only degrade under direct strong light irradiation. When it is buried in the ground or mixed with other wastes, the photodegradation cannot be carried out.

Thermal degradation

Thermal degradation technology mainly decomposes waste polymer materials by heating with inert gas under appropriate temperature and pressure, thereby destroying their original structure to prepare oligomers. Thermal decomposition depolymerization may be kinetically slow or non-selective in many cases, thus requiring the use of special catalysts. It involves the cleavage, depolymerization and side group cleavage reactions of molecular chains, as well as reactions such as intramolecular cyclization, branching, isomerization and intermolecular de-crosslinking. Incineration [34] is a traditional method to carry out the thermal degradation of polymers, and it is mainly used in the treatment of the highly mixed, difficult to recycle, and severely polluted waste polymer materials and products. Since this process is usually accompanied by the generation of a large amount of toxic gas, it requires very specialized equipment for post-processing, which limits its widespread use.

Chemical degradation

Chemical degradation refers to the conversion of polymers into linear or low molecular weight compounds by reacting them with chemical reagents in a proper solvent for recycling, where chemicals attack the polymer and break their chemical bonds by hydrolysis, oxidation, etc. Hashimoto et al. [35] synthesized epoxy resins with cleavable acetal bonds, and blended them with carbon fibers to prepare recyclable composites. In the recycling process, it is acid-treated to effectively separate the epoxy resin from the carbon fiber and obtain recyclable carbon fiber. The reagents usually used for chemical degradation are toxic or corrosive, resulting in great limitations in industrial application. Therefore, the development of new mild reagents is the research hotspot in recent years. Choi et al. [36] developed a completely bio-based deep eutectic solvent glycerol-choline chloride, which can be used for the depolymerization of PET blended fabrics to replace the traditional toxic solvents, as shown in Figure 123.

Figure 1-3

Carbon fiber recovered after degradation of BACHDMVG-TEPA. [35] 1.1.

Biodegradation

Biodegradation refers to the growth of microorganisms in nature using polymer materials as nutrients, the materials are continuously consumed until they disappear in the process. [37] However, the selectivity of diverse polymer materials to microorganisms is also different. Environmental factors that affect the biodegradation performance of polymer materials include pH, temperature, oxygen, time, humidity, etc. In general, microorganisms have their own suitable growth environment. For example, the bacterium prefers an alkaline environment with the temperature of 28-37 o C, while the fungi prefer a slightly acidic environment with the temperature of 20-25 o C. In addition, the structure of the polymer also has an important influence on its biodegradability. Polymers with hydrophilic groups such as -COOH, -OH, -NH2, -NCO on the surface are more easily wetted by water, which is conducive to the adhesion and proliferation of microorganisms. Compared with aromatic polymers, aliphatic polymers are more likely to be degraded by combining with enzymes secreted by microorganisms. PLA, polyhydroxyalkanoates (PHAs), and poly-2-hydroxybutyrate (PHB) can be effectively biodegraded under a wide range of conditions. [START_REF] Al | Advanced Processing, Properties, and Applications of Starch and Other Bio-Based Polymers[END_REF] Tserki et al. [START_REF] Tserki | [END_REF] combined the copolymer of succinic acid, dimethyl adipate and 1,4-butanediol with flax fiber, wood, etc., resulting in a higher biodegradation rate in soil. It is worth noting that biobased polymer materials are not necessarily biodegradable, such as the biobased nylon, but some petroleum-based polymers are also biodegradable, such as polybutylene succinate.

When biodegradation assays are carried out with the microbial groups in soil, seawater, and lakes as microbial sources, it is usually necessary to bury the polymer materials in the ground or compost. The damage and deterioration of plastics are checked through analyzing the physical properties, weight loss, change of molecular weight, etc. of the polymers. This evaluation method can truly reflect the biodegradation performance under the natural environment conditions, but it's time-consuming and usually takes several months or even several years for evaluation. Moreover, it has poor quantification and repeatability, and is not suitable for the determination of metabolites to explain the metabolic mechanism. Therefore, researchers usually directly use enzymes extracted from microorganisms (such as lipases, esterases, cellulases, amylases, proteinases, etc.) that can mineralize and break down the corresponding polymers and incubated them with the polymers in buffer solutions for a certain period of time. For this reason, it is also named as enzymatic degradation. Magnin et al. [40] incubated the thermoplastic polyurethanes (TPU) in a solution containing the esterase and amidase, they obtained on a polycaprolactone/polyol-based polyurethane with weight loss of 33% after 51 days, as shown in Figure 1234. [40] 1.

VEGETABLE OILS AND THEIR DERIVATIVES

Vegetable oil is one of the most important agricultural products, among which palm oil, soybean oil, rapeseed oil and sunflower oil account for more than 80% of the market. With the soaring international crude oil prices, the vegetable oil-based polymer industry has developed rapidly. The complex components of fatty acids and glycerides in vegetable oil molecules determine their versatility, which enables them be fully utilized in resin production. [41] Nowadays, with the development of oleochemical technology, vegetable oils can be easily modified by epoxidation, esterification, transesterification, hydrogenation, isomerization, cracking, etc., and their applications in the field of fine chemicals are more and more widely. In recent years, due to the demand for environmentally friendly materials, the research on vegetable oils has arrived a new stage.

Structure of vegetable oils

Vegetable oils are vital bio-renewable resources extracted from various plants and are normally named by their biological source, such as soybean oil and palm oil. Chemically, the main component of vegetable oil is triglyceride (Figure 12345), which is composed of glycerol molecules and saturated or unsaturated fatty acids containing 16-22 carbon atoms, and each branch chain contains on average less than 3 double bonds, [42] as shown in Figure 12345. The fatty acid compositions of the common vegetable oils [START_REF] Belgacem | Monomers, Polymers and Composites from Renewable Resources[END_REF] Fatty acids (%) Vegetable oils sometimes cannot be used directly to reach the requirement in some application due to their complex composition.

Therefore, before the application of vegetable oils, they have to suffer the chemical modification.

Functionalization of the vinyl groups in unsaturated fatty esters or free fatty acids of vegetable oils can be performed by various reactions such as epoxidation, carbonation, maleation, acylation, hydroxylation, hydroformylation, reduction, thiol-ene addition, and polymerization to produce plasticizers, polyurethanes, adhesives, paints, coatings, and environmentally friendly additives for lubricants. [START_REF] Samarth | [END_REF][45][46][47][48][49] The different modes of chemical vegetable oil transformation are discussed below.

Epoxidation

The double bond in triglyceride can be combined with performic acid or peracetic acid to form the ethylene oxide structure, and the epoxidation as a very convenient method can usually be carried out under the catalysis of (NH4)2SO4, SnCl2, etc., as shown in. Since the epoxidation can remove the unsaturated bonds in the vegetable oil molecules, the thermo-oxidative stability can be significantly improved. [50] Figure 1-6 Conventional epoxidation process. [51] In addition, the epoxy groups in the epoxidized vegetable oil are easily reacted with nucleophiles and be opened to generate various compounds according to different reactants and reaction conditions. For example, epoxidized vegetable oils can be converted to diesters under the catalyzation of perchloric acid. [START_REF] Erhan | Chemically Modified Vegetable Oil-Based Industrial Fluid[END_REF] This method can not only improve the saturation of vegetable oil, but also increase the intermolecular distance through the alkyl groups introduced in the esterification, reduce the formation of macroscopic crystals to improve the fluidity of oil products.

Hydrogenation

Vegetable oils such as soybean oil and linseed oil contain a large amount of unsaturated linoleic acid and linoleic acid derivatives, which lead to poor thermal stability of the oil, which is easy to polymerize into gel at higher temperatures. When used as a lubricant, precipitates and corrosive substances will be formed to reduce the service life. The full hydrogenation method currently used in the industry affects the low temperature properties of the oil. The partial hydrogenation of vegetable oil may reduce the unsaturated components in vegetable oil, which can improve the service life of oil products, and has no obvious effect on its low temperature performance. Although a lot of works has been done on heterogeneous or homogeneous metal catalysts, there are still many problems in the specific process of selective hydrogenation. For example, in the process of converting linoleic acid to oleic acid, cis-trans isomerization occurs at undetermined positions, and the reaction activity of catalysis decreases during the hydrogenation. [START_REF] Philippaerts | [END_REF] At present, the compounding process of vegetable oil has achieved good results in the preparation of biodiesel. After catalytic hydrogenation, intermediate products with a cetane number of 60-90 can be fractionated, which can be directly used as diesel fuel or mixed with petroleum-based diesel, which significantly reduce the emissions of particulates, carbon monoxide and hydrocarbons.

Arylation

The addition reaction of double bonds in vegetable oil with phenol or alkyl aryl groups can obtain aryl derivatives to improve the thermooxidative stability of oil products and reduce its freezing point. This reaction is mostly used to treat sesame oil and polyunsaturated monoester (Figure 1234567). The commonly used catalyst is AICI3, and sometimes HF, BF3, FeCl3, or ZnCl2, etc. are used to reduce the side chain polymerization side reaction of monoester.

Figure 1-7

Addition of phenol to fatty acid ester. [START_REF] Rudnick | Synthetics, Mineral Oils, and Bio-Based Lubricants: Chemistry and Technology[END_REF] Another typical treatment processes that have been reported at present are as follows: the linseed oil is mixed with iodoethane and heated, and then refluxed with ethanol and sodium ethoxide at 90 o C to obtain linseed oil derivatives with a yield of 10%-15%. The aryl derivatives of alkyl esters can be obtained by reacting fatty acids containing double-bond alkyl esters with benzene ring substituents at 120 o C for 9 h with anion exchange resin as catalyst. The resulting products possess a wide viscosity range, high viscosity index and flash point, and low volatility.

Transesterification

Vegetable oils can undergo transesterification with lower alcohols through catalysis (Figure 12345678). Holser [START_REF] Holser | [END_REF] studied the reaction of epoxidized soybean oil with methanol. The results show that the direct application of soybean oil to react with methanol is slow due to the high transfer resistance from the water phase to the oil phase. While the epoxidized soybean oil can be quickly dissolved in methanol, which reduces the resistance and quickly generates epoxidized fatty acid methyl esters. Kumar et al. [56] synthesized a novel catalyst of zinc-doped calcium oxide (Zn/CaO), which can reduce the activation energy of transesterification and shorten the reaction time of cottonseed oil to 2.5 hours. They also found this catalyst is an effective catalyst for the complete transesterification of other triglycerides such as virgin cotton seed oil, soybean oil, waste cotton seed oil, castor oil, etc. 

Application of vegetable oil derivations

Bio-lubricant

Vegetable oil molecules contain polar linear groups, which can be adsorbed to the metal surface to reduce or inhibit the surface energy, effectively reducing the friction factor, hence possessing excellent lubricating properties. [57] However, the unsaturated bonds in vegetable oil are easily oxidized, and the anti-wear performance under high load is reduced. Therefore, the modified vegetable oil is usually used as a highefficiency lubricant. The transesterification reaction can improve the degree of branching of vegetable oil, which can significantly reduce the pour point, especially the branched-chain is located in the middle of the molecule, which is attributed to the breaking of the symmetry inside the molecule. [58] Gryglewicz et al. [59] prepared the corresponding esters by transesterification of rapeseed oil and olive oil with neopentyl glycol (NPG)

and trimethylolpropane (TMP), which possess higher viscosity index with 13.5-37.6 cSt and higher thermo-oxidative stability. Ravasio et al. [60] prepared a Cu/SiO2 vegetable oil selective hydrogenation catalyst with high catalytic activity and selectivity by the chemisorption-hydrolysis method. It can significantly reduce the content of linolenic acid or linoleic acid without increasing stearic acid and can effectively limit the generation of trans fatty acids. The hydrogenated rapeseed oil and soyabean oil methyl esters present good oxidation stability. They can maintain good low-temperature performance simultaneously, which can be acted as an environmentally friendly bio-lubricant.

Bio-plasticizer

Plasticizers are plastic additives that can change the material's plasticity and make it easier to process and softer. Some rigid polymers, such as polyvinyl chloride (PVC), usually require adding a large amount of plasticizer to make the product soft and easy to bend and fold. Vegetable oil derivations are a kind of non-toxic and environmentally friendly plasticizers, which have always been the focus of attention of the plastics industry and researchers. We have introduced in the #Section 1.2.2 that the vegetable oil can be easily modified by chemical methods such as epoxidation, esterification, polymerization, and chlorination due to the unique structure of vegetable oil molecules, we can easily them by chemical methods such as epoxidation, esterification, polymerization, and chlorination to prepare the bio-plasticizers with different structures and suitable for various plastic substrates (Figure 123456789). Gautam et al. [61] prepared epoxidized Mesua ferrea L. seed oil by using 50% hydrogen peroxide as oxygen source and sulfuric acid catalysis to improve the filmforming properties of PVC. Compared with the original materials, the heat resistance of the PVC products is enhanced, which exhibits a good flame retardancy, and the leaching and volatilization of the plasticizer are very slight. Li et al. [62] synthesized a tung oil derived epoxidized dicarboxylic acid dimethyl ester (epoxidized-C21-DAE) through the transesterification, Diels-Alder reaction, and epoxidation, which can significantly improve PVC thermal stability and mechanical properties. 

Figure 1-10

Representative structure for AESO. [START_REF] Hernandez | Soybean -Bio-Active Compounds[END_REF] 1.3.2 Synthesis of AESO

From epoxidized soybean oil

AESO is usually synthesized through the successive epoxidation and esterification reactions from soybean oil, [START_REF] Behera | [END_REF]65] in which the carbon-carbon double bonds are opened and modified with the acrylate and hydroxyl group (Figure 1 

Figure 1-12

Synthesis mechanism of AESO under diphenylphosphinic chloride (DPPC) catalysis. [67] 1.

From soybean oil

Compared with the conventional AESO synthesis route which usually involves several steps, Zhang et al. [68] proposed a novel one-step synthesis method, where the AESO is prepared directly from the addition reaction of soybean oil and acrylic acid with the catalysis of Lewis acids or protic acids. The protic acid-catalyzed soybean oil acylation mechanism is proposed in Figure 1-13 (Up). First, the carbon double bond captures the proton to form a carbocation. Next, acrylic acid acts as a nucleophile to attack it, followed by deprotonating the oxonium ion to obtain the acrylate ester. While using the Lewis acid as the catalysis, it combines with the acrylic acid to form a complex in a similar way like Lewis acid initiated cationic polymerization in the presence of a proton donor, which protonates the carbon double bond of soybean subsequently (Figure

1-13 (Down)).

Because the double bonds are internal alkenes that are linked with two electron-donating alkyl groups, they have increased electron density and can attack the protons. The rest of the process is the same as that in the protic acid catalyzed reaction. Their results suggest that the Lewis acids usually demonstrate higher catalytic activity than protic acids and high concentrations of catalyst and acrylic acid can accelerate the acylation and resulted in high conversion of the double bonds to acrylates. It provides another strategy for the synthesis of AESO, but compared with the two-step synthesis route, this system is more complex and requires more precise control of reaction conditions to reach the best conversion. free radicals. [START_REF] Gatechair | Adhesive Chemistry: Developments and Trends[END_REF] The Norrish type I photoinitiator undergoes homolytic cleavage of weak bonds after absorbing energy from light, generating primary active free radicals to initiate the polymerization of monomers, such as benzoin derivatives acetophenone and its derivatives, acyl phosphorus oxides, etc. By the UV irradiation, Norrish type II photoinitiator abstracts a hydrogen atom from the synergist (usually are amines) two radicals, such as benzophenone, thioxanthone, and its derivatives, anthraquinone, etc.

Figure 1-14 Mechanism of the initiating processes of Norrish type I

photoinitiator and Norrish type II photoinitiator. [START_REF] Jasinski | [END_REF] 1.

Photopolymerization of AESO

The photocuring of AESO (acrylate monomers) is a typical free radical polymerization reaction (Figure 1 This process is divided into three stages chain initiation, chain propagation, and chain termination.

Figure 1-15 Schematic of free-radical photopolymerization: chain initiation, chain propagation

, and chain termination. [71] 1.

Oxygen inhibition during the UV polymerization

Most of the UV curing process is carried out in the air environment, and the system usually has a large specific surface area. Thus, oxygen inhibition cannot be ignored, which often leads to incomplete surface curing of the UV polymerization system. The ground state of general matter is a singlet state, while the stable state of oxygen is a triplet state with two unpaired electrons with the same spin. However, due to the irradiation of UV light during the photopolymerization, the triplet O2 is transformed into the unstable singlet state, which can combine with the primary radical to make it return to the ground state or the primary/monomeric free radicals to form the stable peroxyl radicals to terminate the polymerization (Figure 12345678910111213141516). Some accessible solutions can be implemented to overcome oxygen inhibition during UV curing, such as removing O2 from the system, increasing initiator concentration, adding O2 scavengers (tertiary amines, mercaptans, phosphorous compounds, sulfur-containing compounds, etc.). al. [72] blended the AESO with natural fiber mats (flax, cellulose, pulp and hemp) through the vacuum infusion process, then cured them at room temperature. The obtained bio-composites present the excellent flexural modulus of 6 GPa with the 50 wt. % reinforced fibers and 17 GPa with the glass fiber, which is 5.5 and 16 times higher comparing with the neat resin.

Liu et al. [73] combined the AESO and microcrystalline cellulose (MCC) through a solution casting method to fabricate the fully green composites from renewable materials, which shows the best property with the MCC concentration of 30 wt.%, it brings the enhancements of 15.7 %, 25.0 %, 57.2 %, and 129.7 % in the density, hardness, flexural strength, and flexural modulus. These results suggest that these low-cost natural composites may be suitable as the construction materials.

Coating

The long flexible fatty acid chain in the AESO molecule results in its excellent hydrophobicity, while previous studies have also shown that it possesses good film-forming properties, thus it's often developed for coating films as a hydrophobic layer. Liu et al. [74] used nanocellulose crystals (NCC) as the bio-particles to stabilize the AESO droplets in water and forming the Pickering emulsion, whose microstructure and rheological behavior depend on the fraction of AESO and NCC. This emulsion can be coated on the paper as a reactive coating, which enhances the water barrier and tensile strength as shown in Figure 1-17.

Nanofibrillated cellulose (NFC) is a suitable candidate to form the film with a high strength, while the penetration of water vapor limits its application in moisture situations. Lu et al. [75] coated and cured the AESO on the NFC film and resulting in a dramatic reduction in water vapor transmission rate from 5088 g/m 2 to 188 g/m 2 , which present that this biodegradable AESO-coated NFC film can be used as potential packaging barrier in certain areas.

Figure 1-17 (A) Schematic representation of NCC/AESO Pickering emulsion as a water vapor barrier coating on paper, (B) Contact angle and water vapor transmission rate of the base paper, NCC coated paper, and emulsion coated paper, (C) tensile strength and elongation at break of the base paper,

NCC coated paper, and emulsion coated paper. [74] 1.

3D printing

3D printing is a novel rapid prototyping technology for polymer materials.

Generally, the photopolymerizable resin is extruded and cured in a specific position by stacking and accumulating layer by layer, which can be precisely controlled by the program, so that products with complex structures can be obtained. Previous studies have presented the potential of AESO for photopolymerization and thus as a promising resin material for 3D printing. Using the structural bone allografts is considered an effective to treat critically sized segmental bone defects (CSBDs), which requires the development of biomaterials with competent mechanical properties and specific shape to facilitate new bone formation. The development of 3D printing presents a promising solution to this challenge. Mondal et al. [76] mixed the AESO, polyethylene glycol diacrylate 

PREPARATION OF MICROPARTICLES IN DISPERSED SYSTEMS

Emulsion

Emulsion refers to a dispersed system formed by two or more immiscible liquids, in which the dispersed phase is distributed in the continuous phase with the form of tiny droplets. The emulsion system is generally composed of three types of components: continuous phase, dispersed phase, and surfactant. According to the proportion of the components and the hydrophilic-lipophilic balance (HLB) of the emulsifier, it is usually divided into oil in water (o/w) type, water in oil (w/o) type. The molecular chain of the surfactant contains hydrophilic groups and lipophilic groups, and its hydrophilic and lipophilic ability can be expressed by the HLB value. The larger the HLB value brings the stronger the hydrophilic ability.

The smaller the HLB value leads to the stronger lipophilic ability. 

Formation of droplets

The traditional preparation methods of emulsions mainly include mechanical stirring, fluid shearing, etc., which usually require multi-stage processing and specific emulsion synthesis formulations and cannot precisely control the emulsions' structure and components. As a result, the size and morphology of the prepared emulsions are quite different, and the monodispersity is difficult to reach, which directly affects their application.

Membrane emulsification

In the 1990s, a new emulsification method called Shirasu porous glass (SPG) membrane emulsification was developed. By this method, the emulsion droplet size and size distribution can be controlled easily. [77] Using this technique, various kinds of monodisperse polymeric microspheres [78] have been prepared. 7) thermostatic unit. [79] 1.4. preparation methods, but also ensures the effective encapsulation of active components, which can realize the precise and controllable manufacture of single droplets, and accurately merge, split, deform or manipulate the behavior of microdroplets. [80] For the design and preparation of new high-value-added functional materials with precise and controllable microstructures, droplet microfluidic technology shows creativity and unprecedented superiority unmatched by traditional technologies. Droplet generation in microfluidic depend on the shearing of the dispersed phase. 

Figure 1-21 Schematic illustration of various channel geometries including

cross-flow, co-flow, and flow-focusing. [81] 1.4.3 Preparation of microparticles through photopolymerization Lai et al. [82] successfully prepared monodisperse poly[methacryloxypropyl 

AIM AND OUTLINE OF THIS WORK

This chapter introduces the concept of green polymer and summarizes the renewable feedstocks, their degradability, and preparation technology of microparticles. We also focus on the research progress of AESO, as it is an essential green monomer. However, the major research on AESObased polymer is concentrated on the addictive for composites or bulk materials. To our knowledge, there is no report about the preparation and application of polymerized AESO particles. Therefore, we highlight the interest of the AESO microparticles in this work. 

Chapter 2. FABRICATION AND OPTIMIZATION OF POLYDISPERSED AESO PARTICLES

INTRODUCTION

Acrylated epoxidized soybean oil (AESO) as one of the most representative derivate of vegetable oil is originated from the successive epoxidation and esterification of soybean oil, [START_REF] Behera | [END_REF]65] in which the carboncarbon double bonds are opened and modified with the acrylate and hydroxyl group. Furthermore, it can be used as monomer to readily and rapidly polymerize for preparation the thermoset polymer as the reason of the active acylate group on the molecule. [65,84,85] After the potential polymerizability of AESO is first reported by Pelletier [85] in 2006, more and more exciting applications based on AESO polymerization are exploited due to the intrinsic property of low toxicity, good compatibility, accountable adhesion and quick curing. Liu et al. [86] used UV cured AESO as the coating to enhance hydrophobicity of the nature fiber grains-flax composites in order to avoid the mechanical corruption due to the water swelling. Fernandes et al. [87] explore the possibility to use the bacterial cellulose/AESO composites as an alternative to leather. In addition, Baştürk et al. [88] demonstrate the great potential of the UV-cured AESO as substrate to load the phase change materials for thermal energy storage.

Polymerized AESO materials are usually highly cross-linked due to the reaction of the acrylate groups between the AESO molecules, which gives them good cohesive strength, but not sufficient flexibility and tensile strength [84,89] . In other words, the comprehensive mechanical properties of the polymerized AESO material are so poor that it's difficult to apply it as a single matrix. Thus, in most of the current materials research, AESO is mainly used as an additive for bulk composites or coating, such as plasticizers [90,91] , etc. In addition, the ultra-high inherently viscosity of AESO at room temperature is another shortcoming, which brings difficulties to the processing of the material. An effective strategy to overcome this disadvantage is adding solvent to dilute the oil. Therefore, there is no report about the preparation and application of polymerized AESO particles so far.

In this chapter, we exhibit a simple solvent-assisted emulsion photopolymerization method to fabricate the polydispersed AESO microparticles, in which AESO contained photo-initiator as dispersed phase is emulsified into droplets and UV light is performed for reticulation. Different compositions and emulsification conditions are studied to tune the AESO precursor droplets. The morphology of the synthesized AESO microparticles is characterized. We also utilize the Fourier-transform infrared (FTIR) microscope to evaluate and optimize the polymerization conditions.

PRINCIPLE OF POLYDISPERSED AESO DROPLETS FABRICATION

We can readily prepare AESO particles through the method as summarized in Briefly, we first dilute AESO, an epoxy acrylated vegetable oil in proper solvent (1-octanol or methyl oleate) to decrease its viscosity and improve its processability. To trigger photopolymerization of the oil more efficiently, we add an oil-soluble, UV-sensitive photoinitiator (Irgacure 819)

to AESO/octanol solution.

To fabricate the droplets, we mix the above solution with an aqueous solution containing a surfactant, Pluronic F-68 and a viscosifier (Sodium alginate). A vortex mixer is used to shear the mixture, in which AESO phase is elongated and broken into polydisperse microdroplets, and then the surfactant molecules in the aqueous phase adsorbs to the droplet surface to stabilize it. After rinsing the droplets to get rid of the surfactant and the viscosifying agent from the solution, they are exposed to UV light. (AESO) to convert them into monomeric free radicals to initiate chain growth. Intra and intermolecular reactions between acrylate radicals lead to cross-linking, which eventually form the AESO microparticles. [START_REF] Tajau | AIP Conference Proceedings[END_REF][START_REF] Neumann | [END_REF] 

As shown in

EMULSIFICATION OF AESO

Emulsification is a key step for the droplets preparation, whose mechanism is an area of ongoing attention. [94][95][96] Droplet formation is usually thought to be the result of the competition between viscous and inertial forces [97] , which is mainly influenced by type and concentration of the emulsifier, hydrodynamic mixing conditions, etc. Here, we improve the emulsification of AESO by adjusting the viscosity of the continuous and dispersed phases, and also demonstrate the method of roughly tuning droplet size by varying the mixing time.

Viscosity of continuous and dispersed phases

Pluronic F68 is one kind of triblock copolymer of poly (ethylene glycol)poly(propylene glycol)-poly(ethylene glycol) which always be utilized as a high-efficiency surfactant to prepare the oil in water (o/w) emulsion. In our case, we use 15% Pluronic F68 aqueous solution as the continuous phase to emulsify the AESO. Compared to the intrinsic high viscosity of AESO (ca. 18000-32000 mPa•s), it's much less viscous as shown in Figure 2-3, which is bound to seriously hinder the emulsification in the aqueous phase. For a given oil-water mixture, the emulsification generally occurs with the relative viscosity ratio (continuous/dispersed phases) of 0.1-5

under the turbulent viscous break-up regime. [98] Therefore, we can improve the emulsification efficiency by increasing the viscosity of the water phase and reducing the viscosity of the AESO phase. Octanol is a fat-soluble fatty alcohol with low viscosity, which is approved by the FDA as a safe additive in food industry [99] . Therefore, it's an effective strategy to decrease the viscosity of the dispersed phase through dilution of AESO with 1-octanol. which means that emulsification in this system is accessible. This process is carried out via a simple vortex mixer, in which powerful shake can provides sufficient shear force to break the photosensitive AESO oil phase into small droplets.

In addition, methyl oleate derived from vegetable oil is often used as a green solvent. 85 % (m/m) AESO/methyl oleate solution has the viscosity of 3075.3 mPa•s, which is slightly higher than that of AESO/octanol solution at the same concentration, that's mainly due to the longer carbon chain and larger molecular weight of methyl oleate. Nevertheless, methyl oleate is still an effective candidate for dilution of the AESO. We consider 1-octanol to be a safer solvent with less toxicity and lower viscosity for dilution of AESO, so 85 % (m/m) AESO/1-octanol solution is used as the dispersed phase for experiment in the other parts of this chapter. For the convenience of characterization and analysis, the AESO particles mentioned in the other parts of this chapter are prepared from the droplets based on emulsification for 6 min. 

CHARACTERIZATION OF AESO MICROPARTICLES

FTIR analysis

We investigate the polymerization process of AESO droplets through FTIR microscope so that we can directly observe the changes in the molecular structure of AESO in the suspension before and after the UV irradiation. To avoid an overlap of the characteristic IR absorption peaks of acrylate group (1635 cm -1 ) [START_REF] Tajau | AIP Conference Proceedings[END_REF] with the absorption peak water [100] from the suspension, we rather use deuterium oxide (D2O) as the continuous phase, because the absorption peak corresponding to the scissors-bending mode of D-O-D shift to the lower wavenumber (1200 cm -1 ) [101] and don't overlap with the characteristic signal. 

OPTIMIZATION OF PHOTOPOLYMERIZATION ADVANCEMENT OF AESO PARTICLES

It's significant to measure the effect of various polymerization parameters on monomer conversion, which is beneficial to optimize the polymerization conditions to obtain the polymer materials with high performance. With the advancement of technology, researchers have developed many intelligent methods for this field, such as gravimetric analysis [102] , proton nuclear magnetic resonance ( 1 H-NMR) spectroscopy [103] , high-performance liquid chromatography [104] , etc., which are usually applied for the bulk polymers, whereas, it's still not a facile task to characterize the polymer microparticles.

To optimize qualitatively the conditions of the polymerization, we use the IR spectra, picked by the FTIR microscope, to follow the kinetics of the reticulation process as a function of the concentration of photoinitiator and the UV exposure duration. AESO crosslinking is a consequence of the breaking and interconnection of carbon-carbon double bond (C=C) from the acrylate group. Hence, the reaction advancement can be evaluated by monitoring the consumption rate of the carbon-carbon double bond during the polymerization. [85,105] Briefly, we calculate the integration ratio of the absorption of 1600-1660 cm -1 (C=C) to 1660-1800 cm -1 (used as a reference), which are picked from the single droplet or particle, to represent the relative AESO conversion of this droplet or particle for comparison as shown in Equation 2-1.

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 = 𝐴 𝐶=0 𝐴 𝐶=𝐶 Equation 2-1

where AC=O was the integration of the C=O bond absorption peak (1660-1880 cm -1 ) and AC=C was the integration of the C=C bond absorption peak (1600-1660 cm -1 ).

For each sample, we average the measurements over N > 10 droplets or particles to improve the reliability of our measurements. We fix the UV exposure time to 2 min and vary the concentration of initiator from 0 to 2 % (v/v) to study the effect of concentration of initiator. To sum up, the higher concentration can effectively promote the polymerization of the AESO droplets, while too long exposure time is not helpful for increasing monomer conversion. We consider that the system with a high initiator concentration (over 0.4 % (v/v)) is susceptible to light which may be triggered by even the ambient light and cause the problematic manipulation. Because of this potential limitation, 0.4 % (v/v) initiator and 2 min UV exposure are appropriate conditions for synthesizing AESO particles.

CONCLUSION

In this chapter, we propose a simple emulsification photopolymerization methods to fabricate the AESO particles through the vortex mixer, in which the 1-octanol is utilized as the diluent to improve the processibility of AESO. Synthesized AESO particles show the high polydispersity, we can roughly adjust the size of the particles through changing the emulsification time. We introduce the FTIR microscope to evaluate the polymerization of AESO droplets, which realize the study of individual droplet or particle. The effect of initiator concentration and exposure time on AESO polymerization are studied by statistical FTIR analysis. We obtain an optimized reaction condition with 0.4 % photoinitiator and 2 min UV exposure in order to reach a high AESO conversion, it can guide the subsequent research as the reference.

Chapter 3. DEGRADATION OF AESO PARTICLES

INTRODUCTION

Plastics are produced worldwide at hundreds of millions of tons per year and meanwhile the environmental problems caused by the production, application, and recycling of these large number of polymer products have become increasingly prominent. One of the crucial ways to solve this problem is to develop degradable polymers using renewable raw materials. At present, the familiar green degradable polymer materials are obtained from two main strategies: directly using or modifying the natural polymer materials, such as cellulose, [106] chitosan, [107,108] alginate, [108] lignin [109] , etc., or utilizing the bio-based raw materials as monomers for the synthesis of polymers, such as amino acids, [110] vegetable oils, etc.

However, there is always a misconception that materials made with degradable sources are also degradable. The fact is most bio-based biodegradable plastics will degrade only under specific conditions such as those found in industrial composting facilities. In fact, the degradation process of degradable materials is quite complex due to the different synthesis methods or additives in production, which only occur under specific conditions in most situations. Consequently, it is very important to characterize the degradability of the synthesized novel bio-based polymers.

Some previous studies demonstrate the degradability of AESO-based polymers. Bernard et al. [111] synthesized thermosetting polymers through the copolymerization of maleated AESO and styrene. They studied its long-term degradation under the action of microorganisms (Aspergillus niger and Alternaria alternata). The cracks on the surface of materials are observed, and the mechanical properties decrease following the ca. 4 % weight loss over a period of 240 days. Lebedevaite et al. [112] report that the synthesized AESO/methacrylic ester polymers possess a biodegradability up to 7.5% after 60 day in an aqueous medium under laboratory conditions with an inoculum from compost. According to the study of Sung et al. [113] , the AESO film exhibited a chemical degradation rate of 3% in 1M NaOH solution during 24 h.

We can predict the degradability of the polymerized AESO materials due to their degradable triglyceride moieties. In this chapter, we demonstrate the chemical degradability of the synthesized AESO microparticles in alkaline aqueous and organic environments by observing the morphological changes. Additionally, these microparticles also present effective enzymatic degradability, which makes them a prominent potential candidate for the application as the green materials.

CHEMICAL DEGRADATION OF AESO PARTICLES

The acrylate group in the AESO molecule can be cross-linked with the acrylate group in another AESO molecule under the action of the initiator. The main reason for the difference in chemical degradation rates under the 3 conditions is the hydrophobicity of the AESO particles. Namely, the ethanol medium has a better affinity with AESO particles so that the alkali is able to enter the cross-linked network for more efficient hydrolysis. At the beginning, a part of the ester bonds in the cross-linked network are broken, which allows ethanol molecules to swell the AESO microparticles more facilely, resulting in their enlarged particle size. Concurrently, decrosslinking and swelling of the material cause the polymer-polymer interaction to be gradually replaced by the action of the solvent and the polymer so that the refractive index decreases to approach the solvent environment, [114][115][116] which explains our observation of more "transparent"

AESO particles in degradation. The decreased cross-linking density also weakens the mechanical properties of particles and makes them fragile to be broken into small fragments during incubation. Besides, high temperature can also promote the diffusion and degradation reaction rate, which leads to a more extensive interface to enhance the hydrolysis.

In contrast, water as the poor solvent of AESO may disturb the action of the water phase and particle surface to reduce the hydrolysis rate, the degradation of hydrophobic AESO particles in an aqueous solution will require more time.

ENZYMATIC DEGRADATION OF AESO PARTICLES

Compared to chemical degradation, the enzymatic degradation is For enzymatic degradation experiments, both esterase and lipase can be used for the hydrolysis of esters, whereas esterase prefers to attack the ester bonds in the short chain fatty (the acrylate in AESO), lipase tends to break the ester bonds in the glyceride. [117,118] Obviously, compared to the acrylate, which acts as the cross-linking group of AESO, the extensively existed glyceride is easier to be hydrolyzed. This may be the reason that the lipase present higher degradation rate. Moreover, the difference in molecular size of lipase (molecular weight ca. 50 kDa) [119] and esterase (molecular weight ca. 148 kDa) is another important factor for their different behaviors in the early stage, which can be seen from their influence on the particle surface roughness during the degradation.

Nevertheless, the enzymes are gradually inactivated in long-term action so that the degradation ratio of both samples eventually reach the plateau.

Figure 3-4 AFM and corresponding SEM images of the AESO particle surface without treatment (A, D), treated with esterase (B, E) and lipase (C, F)

for 14 days. Scale bar = 1 μm.

Figure 3-5 FWHM roughness of the AESO particles without treatment, treated by esterase and lipase for 14 days.

A method for obtaining information in addition to the topography primarily provided by AFM measurement is the phase image, which can present the phase changes caused by diverse surface properties, such as adhesive, stiffness, etc. [120] As displayed in Figure 3-6, AESO particles without any treatment exhibit a surface with homogeneous properties.

However, we can obviously identify the feature regions in the phase images of the particles after 14 days of incubation in enzyme solution by their narrow dark borders. In general darker areas in the phase images present a higher phase delay which come from the higher local adhesive forces. [121] It indicates that the AESO cross-linking network is broken by the action of the enzyme, resulting in a sticky surface. These results reveal that both esterase and lipase can change the surface properties of the AESO particles in degradation. It can be seen from the comparison of 

CONCLUSION

Exploiting the abundant ester bonds within the thermoset, AESO particles display good degradability in both chemical and enzymatic condition. The alkaline alcoholic solution accesses to hydrolyze quickly the AESO particles in 1 h under the 70 o C, while the degradation rate in aqueous medium is relatively small due to the low compatibility of water and AESO.

We also confirm the effectiveness of lipase and esterase for the enzymatic degradation of AESO particles which can be hydrolyzed by about 35% in the saturated solution of these two enzymes within 6 days. Therefore, the degradation of AESO can be implemented though milder and more flexible way without costly reaction medium, harsh condition, or specific equipment, which may serve as the promising recyclable and degradable material.

Chapter 4. FABRICATION AND OPTIMIZATION OF MONODISPERSED AESO PARTICLES

INTRODUCTION

In the Chapter 2, we introduce that using a vortex mixer provides an accessible way to synthesize the AESO particles, but this method is less controllable and reproducible, and the broad size distribution of the obtained particles thus restrict their further applicability.

Compared with the traditional microparticle preparation methods, the microfluidic technology developed in recent years provides a more superior technical platform for the controllable preparation of monodisperse microparticle functional materials with different structures and functions. Microfluidics is a technique for manipulating tiny volumes of liquid in micron-scale channels. [122] According to the different geometric structures of the microfluidic device and the flow direction of the fluid, the microfluidic device can be mainly divided into: co-flow type [123] , T-junction type [124] and flow-focusing type [125] .

Flow-focusing is one of the most representative and typical design, the inner phase liquid flowing in the middle channel is acted by the outer phase liquid flowing in the two channels and flows together in the same direction. The narrowing orifice immediately downstream; at this time, under the action of the pressure and viscous stress generated by the outer phase liquid, the inner phase liquid becomes a small jet stream and breaks into droplets at the downstream of the orifice.

The flow-focusing microfluidic device geometries can be constructed by microfabrication techniques (such as soft lithography [126] ). This technique can fit for different materials or substrates, such as polydimethylsiloxane (PDMS), polymethylmethacrylate (PMMA), glass slides, etc. Typically, the desired microstructure is first engraved into the mold using a predesigned photomask. The polymer (usually PDMS) is then poured into a mold and cured, in which the microchannels as opposed to the previous structures can be transferred to the material. Finally it is sealed with the substrate to get a microfluidic chip. [127] The microfluidic device prepared based on the above method can produce emulsion droplets with good monodispersity and the size can be precisely regulated. In the process of emulsion generation, the stability of liquid phase flow is the main factor that determines the monodispersity of emulsion droplets, while the size of microchannels and the flow rate of liquid phase are the key factors to control the size of emulsion droplets.

And this technique is also used to make microparticles. Weitz et al. [128] used the monodisperse W/O emulsion produced by microfluidic technology as a template to prepare the thermosensitive poly(Nisopropylacrylamide) (PNIPAM) hydrogel microparticles with uniform size by polymerizing N-isopropylacrylamide (NIPAM) monomer dissolved in droplets. Similarly, Kumacheva et al. [129] Therefore, in this chapter, we design an "one pot" microfluidic device for continuous manufacture of monodispersed AESO microparticles, which integrates a flow-focusing structure and UV exposure zone. The size of particles can be tailored easily by precisely tuning the hydrodynamics of the flow. In addition, we also investigate influence of the structure of the device, hydrodynamic parameter, and polymerization conditions to understand and optimize the fabrication process.

WORKFLOW OF THE ONE-POT MICROFLUIDIC DEVICE FOR FABRICATION OF MONODISPERSED AESO PARTICLES

To improve the size distribution and continuously produce monodisperse AESO particles, we developed a PDMS microfluidic chip integrating a flow-focusing cross-junction and a serpentine channel, as shown in wetted by the oil phase during the droplet generation. [130] In addition, the whole channel inner surface is pre-functionalized with a PVP solution to enhance their hydrophilicity. Similar heart-shaped poly (ethylene glycol) diacrylate (PEG-DA) particles are also prepared and observed by Cai et al. [131] They systematically investigated this deformation phenomena of droplets, and concluded that the deformation degree of droplets increases as the Reynolds number of outer fluid increases, which is in accordance with our speculation at a lower fluid flow rate.

Oxygen inhibition in polymerization of AESO

We find that the AESO particles polymerized within the microfluidic chip are not readily dispersible in aqueous solvents, as shown in 

Figure 4-4 Dispersed state in different solvents and corresponding SEM images of AESO particles out of chip (A, C) and AESO particles with secondary UV exposure (B, D).

We speculate that it's due to the incomplete polymerization of AESO particles, which may be caused by two aspects. First, AESO droplets can be only initiated in the serpentine region of the microfluidic chip with the UV light, while the high flow velocity gives rise to a short retention time (less than 1 s) for irradiation. On the other hand, the dissolved oxygen in the reactants can also capture and consume the free-radical to form the inactive peroxyl radical, which will inhibit the polymerization of the monomer [132] and the oxygen permeability of PDMS channel [133] can offer the supplement of oxygen from the ambiance. Under the synergistic effect of these two factors, the curing of AESO particles at the oil-water interface is severely impeded. As a result, the particles with sticky hydrophobic surface tend to aggregation. The gelatinous substances can be observed around the particles as shown in Figure 4-4 C, we surmise that's the incompletely polymerized AESO. This is consistent with what has been found in previous report from K. Krutkramelis et al., [134] which based on a water in oil (w/o) system of PEG-DA in microfluidic device.

To make the AESO particles fully polymerized, we make second UV exposure of the AESO particles out of chip in an organic photosensitive environment (0.4 % (v/v) Irgacure 819 in acetone) for 2 min, which is configured according to the optical polymerization conditions we obtain in Chapter 2. Eventually, the AESO particles demonstrate a good dispersibility both in an aqueous buffer and acetone after the posttreatment, as shown in Figure 4-4 B. In addition, it can be clearly seen from the SEM image (see Figure 4-4 D) that the sticky gel disappears is no longer able to trap the particles even if they touch with each other.

These results now provide evidence to our previous assumption. 

FORMATION AND OPTIMIZATION

𝐶 𝑎 = 𝜂 • 𝑢 𝜎 Equation 4-1
where the η is the viscosity of the fluid, the u is the velocity of the fluid and σ is the interfacial tension.

According to a previous study, [135] the flow state of the two-phase fluids inside the microchannel is determined by the value of Ca, that is, the force balance between the viscous force and the interfacial tension. An increase in the viscosity of the dispersed phase will lead to a larger Ca. There is a critical value, when the Ca is below the critical value, the interfacial tension is dominant, the flow of the dispersed phase is based on a spontaneous transformation to form the monodisperse droplets (as shown in Figure 456). However, when Ca exceeds a critical value, the viscous force is dominant and the flow state is similar to the laminar flow, and the dispersed phase flows continuously rather than being pinched by the continuous phase (as shown in Figure 456B). Therefore, using a more diluted AESO solution (65 % (m/m)) as the disperse phase makes it easier to generate monodisperse droplets. The drag force acting in the positive direction of flow can be described as the below Equations [136] :

𝐹 𝐷 = 4𝜋 • 𝜇 𝑐 2𝑛 + 3 𝑛 + 1 • 𝐷 𝑑 • (𝑢 𝑐 * -𝑢 𝑑 ) Equation 4-2 𝐹 𝜎 = 𝜎 • ( 1 𝑅 + 2 𝐻 ) • (𝜋 • 𝑊 𝑑 2 4 ) Equation 4-3
where uc and ud is the velocity of the continuous phase and droplet, μc is the viscosity of continuous phase, (uc * -ud) is the relative local velocity of the continuous phase, n is the viscosity ratio of continuous and dispersed phase, σ is the interfacial tension, R is the radius of the droplets, H is the depth of the channel and Wd is the neck width of flow-focusing junction as marked in Figure 4567.

According to the Equation 4-2, increasing the relative flow rate (uc * -ud) of the continuous phase can effectively improve FD, which makes FD dominant in the competition with Fσ during the formation of AESO droplet, leading to the benefits to the emulsification of the dispersed phase.

To better understand the effect of 4. polydisperse and the unstable thread is difficult to be controlled to get the homogeneous size distribution. We can observe the obvious Plateau-Rayleigh instability [137] caused by minor disturbances in the flow. These small disturbances that always exist lead to irregular changes in the crosssectional size of the AESO thread, which generates high pressure at the slim part. The fluid is transported from the high-pressure place to the low-pressure place, which causes the thin thread to more and more narrow, and finally breaks into the droplets.

When the velocity of dispersed phase decreases to a sufficiently high level, the AESO phase flows at a stable co-flow regime as can be seen in Figure 4-8 C. Since the system is quite stable, it doesn't imply the breakup of the thread, which cannot be used for the preparation of AESO droplets. narrow region of the driving-pressure ratio. This result is consistent with the previous reports [138,139] using other two-phase systems to generate droplets. Besides, we find that the AESO droplet size shows a decreasing trend with the increase of the flow rate ratio of the continuous phase. We 

Chapter 5. PREPARATION OF NON-SPHERICAL AESO MICROPARTICLES BASED ON MICROFLUIDIC TECHNOLOGY

INTRODUCTION

In addition to the function of microparticle materials depends on their chemical composition, the shape of the particles also has a great impact on their function and application. [140] However, it is often difficult for conventional polymerization methods to obtain non-spherical particles of uniform size because the effect of interfacial tension always keeps the droplets as spherical as possible. The precise manipulation of droplets in microchannels by microfluidic technology provides an excellent platform for the controllable preparation of monodisperse non-spherical particles. [141] Xu et al. [142] design the structure and size of the channel in the microfluidic device so that the droplet containing the monomer solution flowing into the channel was deformed into a non-spherical shape in a confined space, and then the deformed droplets are exposed to UV light to get the non-spherical polymer microparticles with uniform size. Based on similar method, researchers have also prepared plug-shaped and discshaped polymer microparticles, [143] as well as non-spherical magnetic hydrogel microparticles of different shapes. [144] Another strategy is developed by Nisisako et al. [145] to prepare the droplets and particles with anisotropic geometries, in which the Janus droplets contained two immiscible phase of polymerizable 1,6-hexanediol diacrylate (HDDA) and inert silicone oil are formed in a microfluidic device with sheath-flowing geometry. Subsequently, the off-chip polymerization is performed to produce the monodisperse polymer particles with tunable shapes.

Wang et al. [146] propose a method based on w/o/w double emulsion In this chapter, we develop a Y-shaped flow-focusing microfluidic device to fabricate the crescent-shaped AESO particles. Silicone oil and AESO, as the nonpolymerizable and polymerizable phases, respectively, are introduced to form the Janus droplets, then polymerized to obtain the non-spherical particles. We also explored the effect of hydrodynamics and interfacial tension on shape of the produced particle. In addition, a microfluidic device based on double flow-focusing is designed for the double emulsion to fabricate the hollow AESO particles with hole-shell structure. displays the morphology of the synthesized AESO particle with the tilt of 25 o . We can find that the microparticles possess a crescent shape with a concave surface after removing the silicone oil. They have the Feret diameter of 80.4±7.8 μm with the CV of 9.6 %, where the Feret diameter is defined as the maximum distance between parallel tangent lines on both sides of the particle. We speculate that the Janus droplets deform as they move in the microchannel, which leads to a broadening of their size distribution. 

PREPARATION AND TUNING OF CRESCENT-SHAPED AESO PARTICLES THROUGH MICROFLUIDIC DEVICE

Preparation of biphasic Janus droplets and crescent-shaped AESO particles

Influence of the driven-pressure on the morphology of Janus droplets and particles

Generally, the regular generation of the AESO/silicone oil Janus droplets at the flow-focusing junction depends on the proper match of the drivenpressure of these two segments. Excessive differences between the driving pressures of the two phases lead to unstable Janus droplets accompanied by the formation of single-phase droplets, as shown in

Figure 5-3. We surmise this is due to the small interface generated under the unsuitable driven-pressure ratio, which results in that the interaction between the AESO and silicone oil interface is not sufficient to maintain the Janus morphology at the flow-focusing junction, where the pressure changes drastically, and these two oil threads tend to be stabilized individually by the surfactants in the continuous phase to generate the single-phase droplets. The volume ratio of two compartments in the Janus droplet depends on the injection rates of the AESO and silicone oil phase, which can be readily varied by using the different driven-pressure ratios (PAESO/PSilicone oil). 

Influence of the inner surfactant concentration on the morphology of Janus droplets and particles

Neglecting the influence of the external fields, the morphology of the Janus droplet is only determined by the equilibrium of the interfacial tension on the three interfaces (Figure 5-5 A). According to the previous studies, [147,148] Neumann's triangle present the relationship of the γA-S, γA-W and γS-W as shown in Figure 5-5 B, which can be expressed as: [147,149] 𝛾 𝐴-𝑆 • cos 𝜃 𝑆 + 𝛾 𝑆-𝑊 + 𝛾 𝐴-𝑊 • cos(𝜃 𝐴 + 𝜃 𝑆 ) = 0 Equation 5-1

𝛾 𝐴-𝑆 • cos 𝜃 𝐴 + 𝛾 𝐴-𝑊 + 𝛾 𝑆-𝑊 • cos(𝜃 𝐴 + 𝜃 𝑆 ) = 0 Equation 5-2
where γA-S, γA-W, γS-W stand for the interfacial tensions at the interface of AESO/Silicone oil, AESO/Water and Silicone oil/Water. Generally in a partially engulfing biphasic system (Janus droplet), the interfacial tensions should meet the following conditions simultaneously: [150] γA-S < γA-W + γS-W, γA-W < γA-S + γS-W and γA-S < γA-W + γS-W. Therefore, it can solve the Equation 5-1 and Equation 5-2 with the respect to cos θA as described: Typically, the increase of Span 80 concentration in the AESO phase from 0.3 to 2% (v/v) results in a concave with smaller curvature. At the Span 80 concentration of 2% (v/v), the AESO segment is nearly hemispherical.

cos 𝜃 𝐴 = 𝛾 𝑆-𝑊 2 -𝛾 𝐴-𝑊 2 -𝛾 𝐴-𝑆 2 2𝛾 𝐴-𝑊 • 𝛾 𝑆-𝑊 Equation 
Nevertheless, when we use AESO solutions with higher surfactant concentration (5% (v/v)), the morphology of the particles no longer changes significantly. We speculate that it's mainly because the adsorbed surfactant at the interface is saturated. Thus, the interfacial tension doesn't change, which maintains the shape of the particles.

Figure 5-6 Morphology of the precursor AESO/Silicone oil Janus droplet (left column) and corresponding AESO particles (right column) prepared with 0.3% (v/v) (A, B), 1% (v/v) (C, D), 2 (v/v) % (E, F), 5% (v/v) (G, H). Scale bar = 30 μm.

We measure the interfacial tension of the between the interface of the dispersed and continuous phase to verify the effect of the surfactant concentration in AESO phase on the shape of the Janus droplet through the pendant-drop method, [151] and the results are summarized in where the left segment represents the AESO phase with Span 80, the right part is the silicone oil with a volume ratio of 1:1, the interface between AESO and silicone oil is marked in blue. Unfortunately, this result is totally contrary to our experiments, the simulation results suggest that the curvature of the interface inside the droplet is quite small at a low concentration of Span 80. With the increase of the concentration, the interface gradually concaves to the AESO side. AESO segment completely engulfs the silicone oil, which transforms from the Janus droplet to the double droplet. These opposite results may rise from the inaccurate measurements, where we note that all the obtained interfacial tension data are smaller than similar reports, for example, the interfacial tension between silicone oil and 0.3 wt.% SDS aqueous solution is 10.8 mN/m [152] ,

which is still an order of magnitude higher than ours even though we use different surfactants. In addition, the high viscosity and close density of silicone oil (350 mPa•s, 0.968 g/mL) and 65% AESO solution (375 mPa•s, 0.982 g/mL) may also be detrimental to the measurement. In fact, we usually need to wait several minutes for the pendant drop to stabilize during measurement, but it is still susceptible to tiny disturbances. The results obtained by the pendant-drop method are based on static measurements, which may not truly reflect the interfacial tension of the dynamically generated Janus droplets, resulting in inconsistency between the experimental and simulated results. Additionally, we assume that the interfacial tension at the silicone oil and water interface is constant in our case, but if the surfactant diffuses to this surface during our experiment, it will undoubtedly change the interfacial tension. So far, we have not found another alternative strategy to measure the interfacial tension to verify our assumption. Nonetheless, our experimental results show that it's an accessible and effective way to tune the curvature of particle interfaces by adding a surfactant to the AESO phase, which is promising for the fabrication of the tailored non-spherical particles. 

Figure 5-7 The simulated 3D models of Janus droplets morphology variation with the concentration of surfactant in the AESO phase of 0.3 (A), 1 (B), 2 (C) and 5 (D) % (v/v). Left segment is AESO phase and right

segment is silicone oil, their interface is colored in blue.

PREPARATION OF HOLE-SHELL STRUCTURED AESO PARTICLES

Preparation of double droplets and hole-shell structured AESO particles

We here demonstrate a strategy to prepare the hole-shell structured AESO particles through a similar microfluidic method. 

Transformation of double droplet morphology

We find that the formation of double droplets is extremely sensitive to the driving pressure of the inner and middle phases. When we slightly increase the driving pressure of the silicone oil to 220 mbar, we obtain the double emulsions with a larger core, as shown in In general, when eccentric double droplets are generated, there will be a liquid film of AESO on the surface of the silicone oil to isolate it from the water phase. Therefore, the double droplets are stabilized as spherical without the interface between the silicon oil and water. However, the large driving pressure causes the thinning of the AESO liquid film, which is easily broken by the slight perturbation in the microchannel, and the silicone oil-water interface is generated at this time. In the #Section 5.2.3 of this chapter, we have indicated that the droplet morphology is only associated with the interfacial tension in a similar triphasic immiscible system [153,154] and also proved that the segments of AESO and silicone oil exist as the Janus droplet at equilibrium, which may reasonably explain our observation of 

CONCLUSION

In summary, we demonstrate the preparation of two kinds of nonspherical AESO particles. First, the crescent-shaped AESO particles can be fabricated using the Janus emulsions as templates through a microfluidic device with the Y-shaped flow-focusing junction. We can control over the size of the particles by manipulating the configuration of the drivenpressure. We investigate the effect of interfacial tension on the morphology of the precursor Janus droplets and the corresponding particles, where the tuning of the concave surface of the crescent-shaped particles are achieved by adjusting the interfacial tension through adding the surfactants in the AESO phase. In addition, we use a similar microfluidic chip with the double flow-focusing junctions to prepare the hole-shell structured AESO particles molded by the o/o/w double droplets. The particle morphology is extremely dependent on the flow rate matching of the dispersed and continuous phases, hence it's hard to access the precise tuning. We observe the spontaneous transition of the double droplet precursor to Janus state in a non-optimal hydrodynamic condition. The preparation of these two types of non-spherical particles is expected to expand the application of AESO particles, and also provides a versatile way to fabricate the microparticles with advanced shapes and specific functions.

Chapter 6. PREPARATION AND OPTIMIZATION OF AESO MICROCAPSULE FOR ENCAPSULATION OF AQUEOUS SOLUTION

INTRODUCTION

Microencapsulation is defined as a technology that uses polymer materials to encapsulate the particles, droplets or bubbles into heterogeneous microparticles, which possesses the ability to protect the physical state of the substances in the capsule and isolate the active ingredients from the outer environment, thus has been widely concerned since its appearance and applied in the fields of pharmacy, [155] biology, [156] paints, [157] food industry, [158] etc.

Generally, the microcapsule consists of a core material and a shell material. The core is the target material encapsulated inside the capsule, whose composition can be varied according to the field of application, such as the drugs, colorants, catalysts, perfumes, cells, etc. The wall material is more important, which greatly affect the permeability and fluidity of the microcapsules. Besides, the wall material requires a good processibility so as to lead a high encapsulation efficiency for the core material. [159] Synthetic polymers such as polyester, polyether and polyamides are widely used as wall materials for the preparation of microcapsules due to their good mechanical properties and easy preparation. Nevertheless, the poor biocompatibility limits their developments in the fields of medicine, biology, and food industry. In recent years, researchers have found that natural and bio-based polymers, such as vegetable gum, [160] alginate, [161] gelatin-agar, [162] etc., have low toxicity and high adhesion, are therefore the promising alternatives for wall materials.

On the other hand, traditional microcapsules preparation methods can be mainly divided into chemical and physical methods according to the formation mechanism. Michael et al. [163] used this method to prepare insulin microcapsules with a particle size of 200-220 nm, and achieved an encapsulation efficiency of 55%. Petrovic et al. [164] prepared sunflower oil microcapsules by spray drying method, where the microcapsules used hydroxypropyl methylcellulose as the wall material. They also investigated the effect of anionic surfactants on the formation process of microcapsules. Furthermore, advanced fabrication methods such as gelation, phase Inversion, solvent evaporation, coacervation, and interfacial polymerization are developed. [165] However, these traditional preparation methods usually require special equipment and accompany with the vigorous mechanical agitation, thus the collision and fragmentation of the precursors lead to the loss of internal core materials, resulting in inhomogeneous encapsulation and low loading rate.

Microfluidic technology provides a new strategy for the preparation of microcapsules, which can easily and controllably generate the double emulsions in multiphase systems, [166][167][168] which can serve as the templates of the microcapsules to complicate their inner structure.

The vegetable oil-based polymer has shown its non-toxic, low-cost, and readily accessible as an important green material. However, there are rare reports of employing it as the wall material to prepare microcapsules. In this chapter, we describe a fabrication method of microcapsule based on droplet microfluidic technology, where polymerized AESO is used as a wall material to encapsulate aqueous solutions. We also investigate the effects of the structure of the microfluidic chip and the hydrophiliclipophilicity of the microchannels on the formation of droplets and capsules and optimized the experimental conditions (viscosity of core-shell materials, surfactants). This method is also expected to be applicable to other systems to prepare microcapsules with different core materials. Compared with the o/o/w droplets, the preparation of w/o/w droplets with a double flow-focusing chip is more complicated, where two different types of droplets are produced successively. Fluids with higher affinity to the channel walls tend to become the continuous phase, [169,170] which suggest that the O/W droplets are usually formed in hydrophilic channels, while W/O droplets prefer to generate in hydrophobic channels.

PREPARATION OF

Therefore, it's necessary to modify the inner wall the microfluidic chip. We utilize the 2.5 % (m/v) PVP solution and a commercial water repellent (Rain-X 26013, ITW Global Brands, US) for the hydrophilic and hydrophobic treatments. In our case, the solutions of the inner phase, middle phase, and outer phase are pumped into the chip from corresponding inlets, whose components are detailed in Table 6- 

INTRODUCTION

Hydrophobic drugs have played an essential role in the therapy of some common diseases. Still, they are usually accompanied by some organic adjuvant due to their low solubility in water, resulting in liver damage or adverse responses of the blood cells. [171] In clinical treatment, drugs mainly enter the human body by intravenous injection, intramuscular injection, or oral administration to treat diseases. Generally, the concentration of the drug in the blood rises to a very level that may be harmful to the human body in a short period after each administration and then gradually decrease to the normal level. [172] Therefore, frequent administration may cause the significant side effect for the patients and increases the resistance to treatment. [173] The development of drug carriers provides an effective solution to the above problems. They are combined with the drugs and employed in different release systems to improve the safety and effectiveness of drugs.

Although some advanced drug carriers such as liposomes [174] ,

nanosuspension [START_REF] Zhang | Nanostructures for Drug Delivery[END_REF] , etc., have been developed and exhibited excellent properties, they are usually prepared with a complicated method and require a particular storage condition due to their low stability, leading to a high cost. Hence, microparticles are still the most concerning drug microcarriers, where the drugs are dispersed or adsorbed in the polymer matrix.

The polymerized AESO materials possess biocompatibility and has been used as nanocomposite scaffolds to study the proliferation and differentiation of human bone marrow-derived mesenchymal stem cells. [START_REF] Mondal | [END_REF] Besides, we also introduce the degradability of AESO microparticles in Chapter 3. Thus, it has the potential as a promising carrier for drug release. In this chapter, we first load the fluorescent amphiphilic lipids and hydrophobic dyes into AESO microparticles through the pre-mixing and immersing methods, respectively, to prove the capability of AESO particles as a carrier. Curcumin (Cur) and ibuprofen (Ibu) as model drugs are incorporated into microparticles by similar strategies. Eventually, we observe their in-vitro release behavior in the aqueous environment, which is the preliminary study towards developing the novel drug carrier based on the bio-sourced polymer.

LOADING OF ORGANIC MOLECULES IN AESO PARTICLES

Loading of Nile red dye in AESO particles by immersing method

The hydrophobicity of AESO particles enables them to carry organic molecules due to their affinity efficiently. We use a simple soaking method, as shown in Some previous reports [177] indicate that the fluorescent molecules incorporated into the linear polymer microspheres with similar methods prefer to form a separate phase within the matrix due to the polymer crystallization. Nevertheless, we confirm the good uniformity of the fluorescence in the DOPE-CF loaded AESO particles from the profile plot as shown in Figure 7-2 C, which may attribute to the loose crosslinked network and the good compatibility between AESO and target molecules.

Hence, the AESO microparticles may be also a good candidate to prepare the fluorescent particle for the hydrodynamic experiments [178] or the biological studies. [179] 

DRUG LOADING AND RELEASE IN AESO PARTICLES

Loading and in-vitro release assay of curcumin

Curcumin is the main component of the curcuma longa, which is one kind of important traditional Chinese medicine and shows excellent biological activities in antioxidant, anti-inflammatory, antimicrobial, and antiviral. [180] However, their extremely low solubility in water limits its further application for oral administration. Another negative aspect is its instability in the neutral and alkaline conditions as a consequence of the low bioavailability. [181] An effective strategy to overcome these drawbacks is to load the curcumin in the polymer particles [182,183] to control its We immerse 50 mg of Cur-AESO particles in 50 mL Milli-Q water and collect the supernatant of this suspension at the given time intervals for further analysis. Unfortunately, since the concentration of curcumin in water is slight, we cannot get enough UV-vis absorption signal, so more sensitive fluorescence spectroscopy is used to characterize the release of curcumin in water thanks to the strong emission peak at 480 nm (see study of curcumin, [184] approximately 90% of curcumin decomposes within 30 min in an environment with a pH of 7.2. It is worth noting that we can still observe fluorescence in the supernatant after 120h incubation, which suggests the adequate protection of curcumin by AESO particles. We used a higher light source intensity to excite the fluorescence to improve the sensitivity of the analysis, which makes it challenging to obtain a standard curve, so we cannot discuss the quantitative analysis of curcumin release in this section. Anyway, we successfully confirm the release behavior of curcumin from AESO particles into water, which presents the availability of the AESO particles as a drug carrier. to the pH-dependence of the solubility of ibuprofen in water, which is in agreement with the previous reports. [189,190] The release of the molecules from the polymer is usually affected by versatile factors, thus it's significant to verify and understand the mechanism and kinetics of the ibuprofen release from the AESO particles.

One important kinetic model is Hixson-Crowell cube root law, [191] which is usually used to analyze the release behavior from the matrix with the spherical shape. It can be expressed the rate of dissolution based on the cubic root as follow:

𝑄 0 1/3 -𝑄 𝑡 1/3 = 𝑘 𝐻𝐶 • 𝑡 Equation 7-1
where the Q0 is the initial amount of drugs in the matrix (t=0), Qt is the remaining amount of drug in matrix at a release time of t (h), and kHC is a constant in the cube root law.

We plot the function of the Q0 1/3 -Qt 1/3 against t (h) as shown in Figure 7-7 A to check the release in the first 24 h, where we get a bad fitting with a correlation coefficient (R 2 ) of 0.69 and 0.82 for the system of SIF and SGF. This usually indicates that the drug diffuses out through the surface of carriers without the change in surface area and diameter. In other words, the microparticles are not degraded or eroded during the drug release process. [192] And another possible reason is the high polydispersity (CV=40%) of the AESO microparticles, which leads to an inhomogeneous release rate.

We then use Korsmeyer-Peppas model [193,194] to fit the experimental data, which is based on the diffusion of the solute from an absorbable polymer network and allows to determinate the diffusion parameter for further analysis. It can be described by the following equation:

𝑀 𝑡 𝑀 ∞ = 𝑘 • 𝑡 𝑛 Equation 7-2
It can also be written in a logarithmic form as the following:

ln 𝑀 𝑡 𝑀 ∞ = 𝑛 • ln 𝑡 + ln 𝑘 Equation 7-3
where the Mt is the mass of the drug released from the microparticles at a release time t (h), M∞ is the mass of the drug released from the microparticles at the equilibrium condition, k is a constant related with the present release system and n is a parameter depended on the diffusion mechanism.

The data possesses a better fitting for this model in a function of ln(Mt /M∞) and ln t with the R 2 value of 0.89 and 0.96 for SGF and SIF system, as shown in Figure 7-7 B. We obtain the value of n and k from the slope and intercept in the corresponding equations of fitting curves, as exhibited in The coefficient n depends on the diffusion mechanism of the drug loaded in the carriers. Generally, for the carriers with a spherical shape the we can interpret the diffusion way according to the value of n: [195] results are also reported in other hydrophobic crosslinked networks [196] for drug release.

We also calculate the mean dissolution time (MDT) value based on the obtained n and k from the Korsmeyer-Peppas model, which presents the drug dissolution rate from a solid matrix. It can be expressed as below:

MDT = 𝑛 𝑛 + 1 • 𝑘 -1 𝑛 Equation 7-4
The MDT of ibuprofen in SGF and SIF conditions are equal to 4.1 h and 6.9 h, which indicates the efficiency of the AESO microparticles to retard the release of the drugs. [197] 

GENERAL CONCLUSION

This thesis is mainly focused on the preparation and applications of the AESO microparticle. The main results are concluded as follows:

1. The polydispersed AESO particles are prepared following an emulsification photopolymerization based on a simple vortex mixer.

The forming of the precursor droplets highly depends on the viscosity of AESO, and it's essential to use 1-octanol as the diluent to improve the processibility of AESO. The diameter of obtained particles can be roughly reduced by prolonging the emulsification time. We optimize the initiator concentration and exposure time through the FTIR analysis to reach a high conversion of AESO during the polymerization. 

PERSPECTIVES AND FUTURE WORK

Previous studies on AESO-based materials usually focus on bulk materials.

This work demonstrates a series of preparation methods to obtain the AESO particles. We also exhibit the properties of the synthesized particles and their preliminary applications in microencapsulation and drug release, which is a first step towards the development of a full range of functional microspheres from bio-sourced raw materials.

However, there are still many problems in our research, and also some issues need to be further explored:

1. So far, we reduce the viscosity of AESO by using a non-reactive solvent (1-octanol), which is an effective method. Still, we cannot consider their effect on the emulsification and polymerization process in a complex system. Therefore, we can try adding reactive diluents into AESO to get homogeneous materials, which can also act as a cross-linking regulator to tune the density of polymer network.

2. We have demonstrated the chemical and enzymatic degradability of AESO microparticles, but their performance is still difficult to compare with the currently commercialized degradable polymers such as poly (lactic-co-glycolic acid) (PLGA), poly(hydroxybutyrate) (PHB) and poly(caprolactone) (PCL). Therefore, it may be a feasible way to improve their properties through copolymerizing with other degradable monomers.

3. We are still unable to explain the discrepancy between the experimental and simulated results for the concave surface of the crescent-shaped AESO particles, which may require using another reliable method of interfacial tension measurement.

4. We have not done much work for microparticles with a hole-shell structure due to time constraints. Some recent studies [198] have shown that this kind of particle can be used for capture (such as cells, other particles) based on a "lock-key" match. Thus, it's meaningful to figure out the method for tuning their morphology.

5. Although we have successfully prepared AESO microcapsules, the poor morphology of the particles and low encapsulation rate, which is not expected as working with a microfluidic device, lead to difficult further applications. Therefore, this part of the work needs to be optimized (such as the structure of microfluidic chips).

Recently, researchers [199] use a microfluidic chip consisting a 2D coflow with high aspect ratio of height/width, which make the inner phase never touch the channel wall, thus is not necessary to make the partial hydrophobic/hydrophilic modification for chips. It may be a available solution for the preparation of microcapsules.

Phenylbis ( 2. Deposing SU-8 2050 negative photoresist at the center of the wafer to cover approximately one-third of the wafer.

3. Spincoating the photoresist with the speed of 3000 rpm.

4. Putting the above wafer on the hot plate for soft bake: 65 o C for 2 min, 95 o C for 8 min.

5. Exposing the photoresist with a mask aligner system (UV-KUB 2, Kloé, France) and a pre-designed photomask which prepared through a photoplotter (Filmstar-PLUS, Windeck, Germany).

6. Heating the wafer on the hot plate for hard bake: 65 o C for 1 min, 95 o C for 7 min.

7. Develop the wafer with PGMEA by an orbital shaker with the speed of 80 rpm to remove the uncured photoresist.

8. Placing the wafer on the hot plate at 200 o C for 15 min for hard bake.

This method can be performed to fabricated different chip mold by using different photomask in the Step 5.

PROTOCOLS 5: MOLD AND ASSEMBLING OF THE MICROFLUIDIC CHIP

1. Mixing 40 g PDMS resin (Sylgard 184) with 5 g corresponding cross linker.

2.

Transferring the mixture into a 50 mL falcon tube and centrifuging it with the speed 3000 rpm for 3 min to remove the big bubbles.

3. Slowly pouring the mixture on the wafer mold and placing it in a vacuum hood for 2 h to remove the fine bubbles.

4. Putting the sample in an oven at 90 o C for 2 h for PDMS curing.

5. Peeling PDMS piece from the mold, cutting it into a proper size and punching where needed.

6. Bonding a thin film of silicone (200 μm, Silex Silicones Ltd, U.K.) on a glass slide (76 × 26 mm, Thermo Scientific, US) with an O2 plasma (50 W for 30 s, 20 sccm O2 flow, 0.15 torr pressure, Cute, Femto Science, Korea) to create a flat PDMS substrate.

7. Bonding the PDMS piece and substrate with the O2 plasma following the same condition.

8. Heating the bonded chip in an oven at 90 o C for 5 min to enhance the adhesion.

PROTOCOLS 6: HYDROPHILIC AND HYDROPHOBIC TREATMENT OF THE

MICROFLUIDIC CHIPS

1. Immediately injecting the solutions (2.5 % (m/m) PVP solution for hydrophilic modification, a commercial water repellent solution (Rain-X 26013, ITW Global Brands, US) solution for hydrophobic modification) into the chip channels after plasma bonding mentioned in protocol 5.

2. Immersing the chip in the corresponding solution for 1 hours at room temperature.

3. Rinsing the microchannels with deionized water and drying with the compressed air. 3. Pumping the above DOPE-CF/AESO solution or ibuprofen/AESO solution as the dispersed phase and the mixture of 15 % (m/m) Pluronic F68 and 10 % (m/m) Tween 20 aqueous solution as the continuous phase into a microfluidic device with a flow-focusing junction.

4. Performing the UV light on the downstream region of the microfluidic chip to polymerize the hybrid AESO particles.

5. Collecting and rinsing the synthesized particles with DI water for 3 times.

6. Drying the particles in an oven at 40 o C overnight.

PROTOCOLS 9: IN VITRO DRUG RELEASE ASSAY OF THE AESO HYBRID

PARTICLES

Release of the curcumin in water 1. Putting 2 mg AESO particles loaded with curcumin in a 3.5 mL quartz cuvette (101-10-40, Hellma GmbH, Germany) and adding 2 mL DI water in it. The AESO/Curcumin hybrid particles are prepared with the method described in Protocol 8.

2. Measuring the fluorescence emission intensity at 480 nm of the supernate of above mixture at a given time intervals (1 h, 3 h, 5 h, 24 h, 48 h, 120 h) through a spectrofluorometer with the excitation wavelength of 440 nm (J-710, JASCO, Japan). Scan speed=500 nm/min, Ex. bandwidth=5 nm, Em. bandwidth=2.5 nm, cell length=10 mm.

Release of the ibuprofen in the simulated body fluid 1. Dissolving 6.8 g KH2PO4 and 0.61 g NaOH in 1 L DI water to prepare the simulated intestinal fluid (SIF, pH=6.8).

2. Dissolving 2.0 g NaCl and 7.0 ml HCl (37%) in 993 mL DI water to prepare the simulated gastric fluid (SGF, pH=1.2).

3. Depositing 50 mg ibuprofen-loaded AESO particles in a sealed flask with 50 ml of SIF or SGF.

4. Incubating the above flask in an incubated shaker at 37 o C and the speed of 140 rpm for a given time intervals (0.5 h, 1 h, 2 h, 4 h, 8 h, 10 h, 24 h, 48 h, 120 h, 144 h).

5. Taking 70 μL mixture in a 200 μL microtube for centrifugation at 3000 rpm for 30 s.

6. Analyzing the absorption at 220 nm of supernate through a UV-Vis spectrophotometer (NanoDrop One, Thermo Fisher Scientific, US).

CHARACTERIZATION

Rheometer

The viscosity of AESO solutions is measured through a coaxial cylinder rheometer (MCR 302E, Anton Paar, Graz, Austria) with a shear rate of 11 s - 1 . Since AESO is a Newtonian fluid, its dynamic viscosity of the simples can be described by the Newton's Law as shown in Equation S 1:

𝜂 = 𝜏 𝛾 Equation S 1
where η is the viscosity of the AESO solutions, τ is the shear stress and γ is the shear rate.

coverslips. Air was selected as the background and subtracted during the measurement. The FTIR scanning for each sample was performed for 32 times in the range of 800-3600 cm -1 with a 4 cm -1 resolution. The images and spectra recorded by the FTIR microscope were processed and analyzed using a proprietary software (Agilent Resolution Pro) and an open-source software (Orange data mining toolbox for Python) [201] .

Atomic force microscope Imaging and topography

The surface morphology and roughness of the are characterized via an 

Measurement of the interfacial tension

We use the pendant-drop method to measure the interfacial tension through a drop shape analyzer (DSA 25S, KRÜSS, Germany) and the drop shape analysis is via the software ADVANCE (KRÜSS, Germany) and fitted with the Young-Laplace equation. Dans le chapitre 5, nous démontrons la préparation de deux types de particules AESO non sphériques. Tout d'abord, les particules AESO en forme de croissant peuvent être fabriquées en utilisant les émulsions de Janus comme modèles par le biais d'un dispositif microfluidique avec une jonction de focalisation de l'écoulement en forme de Y. Nous pouvons contrôler la taille des particules AESO en fonction de la taille de l'émulsion. Nous pouvons contrôler la taille des particules en manipulant la configuration de la pression d'entraînement. Nous étudions l'effet de la tension interfaciale sur la morphologie des gouttelettes de Janus précurseurs et des particules correspondantes, où le réglage de la surface concave des particules en forme de croissant est obtenu en ajustant la tension interfaciale par l'ajout de tensioactifs dans la phase AESO. En outre, nous utilisons une puce microfluidique similaire avec des jonctions à double flux pour préparer les particules AESO à structure en coquille de trou moulées par les gouttelettes doubles O/O/W. La morphologie des particules dépend extrêmement de la qualité de l'eau. La morphologie des particules est extrêmement dépendante de l'adaptation du débit des phases dispersées et continues, d'où la difficulté d'accéder à un réglage précis. Nous observons la transition spontanée du précurseur à double gouttelettes vers l'état de Janus dans une condition hydrodynamique non-optimale. La préparation de ces deux types de particules non sphériques devrait élargir l'application des particules AESO, et fournit également un moyen polyvalent de fabriquer des microparticules aux formes avancées et aux fonctions spécifiques.

SURFACE EVOLVER CODE -SIMULATION

Le chapitre 6 présente une méthode simple basée sur la gouttelette d'émulsion double w/o/w pour fabriquer des microcapsules AESO avec un noyau aqueux. Grâce à l'optimisation de la structure microfluidique et à l'adaptation de la viscosité des fluides de chaque phase, nous obtenons finalement la microcapsule avec un diamètre moyen de 46±11 μm et une taille moyenne du noyau de 26±8 μm. Les capsules présentent une polydispersité et un ratio d'encapsulation de 46,2 % dû à la génération de la gouttelette de précurseur dans le régime de jetting. Bien que les conditions de préparation doivent encore être optimisées pour contrôler efficacement la morphologie des microcapsules synthétisées, nos résultats démontrent tout de même l'opérabilité et l'accessibilité de ce protocole. Il est prometteur d'appliquer ces capsules bio-sourcées dans l'encapsulation de substances hydrosolubles, telles que des médicaments, des épices, des parfums, etc.

Dans le chapitre 7, nous chargeons le colorant hydrophobe et le lipide amphipathique dans les particules avec deux méthodes différentes pour montrer le potentiel des microparticules AESO en tant que porteur de molécules organiques. Les particules AESO chargées de curcumine et d'ibuprofène sont préparées avec des stratégies similaires afin de surmonter leurs inconvénients de faible solubilité et d'instabilité dans l'eau pendant l'administration orale, ce qui présente le comportement de libération du médicament dans des environnements aqueux. Les particules d'Ibuprofen-AESO montrent un taux de libération de 73 % et 83 % après 144 heures dans les fluides gastriques et intestinaux simulés. Les résultats de l'analyse de la cinétique
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 18 Figure 1-8 Transesterification reaction between vegetable oil molecules and low-carbon alcohols.
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 19 Figure 1-9 From agricultural resources to bio-based plasticizers.
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 110 Figure 1-10Representative structure for AESO.[START_REF] Hernandez | Soybean -Bio-Active Compounds[END_REF] 
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 1 Figure 1-17 (A) Schematic representation of NCC/AESO Pickering emulsion as a water vapor barrier coating on paper, (B) Contact angle and water vapor transmission rate of the base paper, NCC coated paper, and emulsion coated paper, (C) tensile strength and elongation at break of the base paper, NCC coated paper, and emulsion coated paper.[74] 
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 119 Figure 1-19 Schematic of typical emulsification in the oil/water system.
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 120 Figure 1-20 Schematic illustration of the SPG membrane emulsification process: (1) SPG membrane module; (2) compressed nitrogen gas; (3) disperse phase container; (4) continuous phase and emulsion container; (5) magnetic stirrer; (6) thermostatic water tank; (7) thermostatic unit.[79] 
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 1 Figure 1-22 (a) Flow chart of the experiments. (b) Optical/Fluorescent micrographs of droplets and microspheres with different continuous phase flow rate at the fixed dispersed flow rate of 5.0 μL/min.
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 123 Figure 1-23 Outline of this thesis.
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 21 Figure 2-1 Schematic of AESO microparticle fabrication routine via emulsification and photopolymerization.

Figure 2 - 2

 22 Figure 2-2 Photoinitiated mechanism of Irgacure 819 initiator: (A) Photoinduced cleavage of Irgacure 819. (B, D). Generation of monomer radical. (C). Second photoinduced cleavage of Irgacure 819.
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 23 Figure 2-3 Dynamic viscosity of the different continuous phase solutions for AESO emulsification.
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 24 Figure 2-4 Viscosity of AESO solutions diluted with 1-octanol and methyl oleate at different concentrations. The results are collected under the sheer rate of 100 s -1 .
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 25 Figure 2-5 Optical microscope image of AESO/1-octanol droplets (A) and AESO/Methyl oleate droplets (B). The droplets are prepared through vortex shaker at 2500 rpm shaking speed for 6 min.
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 26 Figure 2-6 Weight loss of polymerized AESO with different diluents after washing and drying.
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 27 Figure 2-7 Size distribution histogram of AESO droplets emulsified at 2500 rpm shaking speed for 6 min (A), 12 min (B) and 30 min (C). The distribution curves are fitted with the normal distribution.
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 28 Figure 2-8 (A) SEM image of AESO particles, in which the inset shows the white AESO particle powder in the Eppendorf microtube. (B) Size distribution histogram of AESO particles fitted with the normal distribution.
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 29 Figure 2-9 (A) Optical images and their corresponding infrared absorbance plot of spectral slices under 1635 cm -1 of AESO droplets before and after polymerization, which were taken through FTIR microscope. (B) FTIR spectrum of the points indicated by the dashed cross in FTIR images.
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 210 Figure 2-10 Influence of initiator concentration (A) and UV exposure time (B) on AESO droplet polymerization, the scatter plots and curves indicate data

Figure 3 - 1

 31 Figure 3-1 (A) Schematic diagram of the dimer of AESO, where "-I" represents the residue of the initiator. The red dashed box marks the position where the polymerization occurs, the purple and blue dashed boxes mark the ester bonds in two different chemical environments in the AESO molecule. (B) Hydrolysis of ester in the alkaline medium.
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 32 Figure 3-2 Time-dependent microscopic and macroscopic (inset) appearance of the AESO particles under different chemical degradation conditions.
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 33 Figure 3-3 Enzymatic degradation curves of the AESO particles with saturated solution of esterase and lipase, in which the weight loss was as a function of time. The data is calculated from the AFM results.
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 34 Figure 3-4 AFM and corresponding SEM images of the AESO particle surface without treatment (A, D), treated with esterase (B, E) and lipase (C, F) for 14 days. Scale bar = 1 μm.
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 3536 Figure 3-5 FWHM roughness of the AESO particles without treatment, treated by esterase and lipase for 14 days, the Figure 3-6 AFM phase images of the AESO particle surface without treatment (A), treated with esterase (B) and lipase (C) for 14 days. Scale bar = 100 nm.
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 41 Figure 4-1 (A) Schematic of "one-pot" microfluidic chip for preparation of monodispersed AESO microparticles. Partially enlarged schematic side view shows the multilayer structure of the chip, in which the PDMS coated glass coverslip is used as the substrate. (B) Schematic of the fabrication of full polymerized AESO particles.
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 42 Figure 4-2 (A) SEM image of AESO particles prepared by microfluidic chip. (B) Size distribution plot of AESO particles fitted with the normal distribution (CV = 2.67%).
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 43 Figure 4-3 (A) The analysis of stress on droplets with the deformation of bullet-shape in microchannel, in which the red arrows represent the positive pressure from aqueous phase and the blue arrows represent the fluid shear stress on the droplets. (B) The deformed of AESO droplets flow in the serpentine channel of the microfluidic chip.
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 44 Figure 4-4 Dispersed state in different solvents and corresponding SEM images of AESO particles out of chip (A, C) and AESO particles with secondary UV exposure (B, D).
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 45 Figure 4-5 Dynamics of AESO droplet formation in a typical dripping regime. Continuous phase: aqueous solution of 15% Pluronic F68 and 10 % Tween 20, dispersed phase: 65% AESO/1-octanol solution. Scale bar = 200 μm.
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 46 Figure 4-6 Flow regimes of 85 % (m/m) (A), 75 % (m/m) (B) and 65 % (m/m)
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 47 Figure 4-7 Force analysis indicating the interfacial tension force and drag force in the flow-focusing stage. Black arrow indicates the flow direction in microchannels. Scale bar = 50 μm.
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 48 Figure 4-8 Breakup of the AESO thread in 15% Pluronic F68 and 10% Tween 20 aqueous solution. (A) Stable co-flow regime: 100/119 mbar (w/o). (B) Jetting regime: 100/125 mbar (w/o). (C) Dripping regime: 100/187 mbar (w/o). (D) Driving pressure of continuous/dispersed phase-based flow map with flow regimes, in which the green, blue and red regions present the dripping, jetting and stable co-flow regime of AESO phase in microfluidic device. Red arrow indicates the flow direction in microchannels. Scale bar = 200 μm.
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 49 Figure 4-9 AESO droplets with different size were generated under different pressures ratio of continuous/dispersed phase: (A) 35 μm-204/143 mbar, (B) 45 μm-138/133 mbar, (C) 55 μm-138/137 mbar
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 51 Figure 5-1 (A) Schematic of the microfluidic device with the Y-shaped flowfocusing junction for preparation of crescent-shaped AESO particles. (B) Schematic of the generation of AESO/silicone oil Janus droplets and the forming of the crescent-shaped AESO particles.
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 52 Figure 5-2 Optical microscope image of AESO/Silicone oil Janus droplets at flow-focusing junction (A) and outlet (B). (C) SEM images of the crescentshaped AESO particles with the tilt of 25 o . (D) Size distribution plot of the crescent-shaped AESO particles fitted with the normal distribution (CV = 9.6 %).
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 53 Figure 5-3 Generation of AESO/Silicone oil Janus droplets with the drivenpressure ratio (AESO/Silicone oil) of 226/216 (A), 226/153 (B) mbar, where the driven-pressure of the continuous phase remains constant of the 210 mbar.
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 54 Figure 5-4 (A) Dependence of the size of the crescent-shaped AESO particles on the driven-pressure ratio (AESO/Silicone oil), where the insets show the morphology of corresponding Janus droplets. SEM image of the crescentshaped AESO particles prepared with the driven-pressure ratio (AESO/Silicone oil) of 1.40 (B), 1.34 (C) and 1.19 (D). Scale bar = 50 μm.
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 55 Figure 5-5 (A) Schematic of the force analysis of the Janus droplets, where the γA-S, γA-W, γS-W are the interfacial tensions at the interface of AESO/Silicone oil, AESO/Water and Silicone oil/Water. (B) Neumann's triangle relation of the γA-S, γA-W and γS-W.
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 56 Figure 5-6 Morphology of the precursor AESO/Silicone oil Janus droplet (left column) and corresponding AESO particles (right column) prepared with 0.3%
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 58 Figure 5-8 (A) Schematic of the microfluidic device with the double flowfocusing junction for preparation of the hole-shell structured AESO particles. (B) Schematic of the generation of AESO/silicone oil double droplets and the forming of the hole-shell structured AESO particles.
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 59 Figure 5-9 Optical microscope image of AESO/Silicone oil double droplets at flow-focusing junction (A) and outlet (B) under the driven pressure (AESO/silicone oil/water) of 227/216/210 mbar. (C) SEM images of the holeshell structured AESO particles with the tilt of 25 o . (D) Histogram of the diameter of the particles and core with the size distribution curve fitted by the normal distribution.
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 510 Figure 5-10 Optical microscope image of AESO/Silicone oil double droplets at flow-focusing junction (A) and outlet (B) under the driven pressure (AESO/silicone oil/water) of 227/220/210 mbar. (C) Sketch of the spontaneous transformation of the Silicone oil/AESO/water double droplet.
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 61 Figure 6-1 Schematic of the microfluidic device with the double flow-focusing junction for preparation of the w/o/w droplets and AESO microcapsules, where the microchannel in the yellow part is hydrophobic and the microchannel in the blue part is hydrophilic.
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 62 Figure 6-2 Affinity of water drop for the surface of bare PDMS (A) and PDMS treated by plasma (B), Rain-X (C) and PVP solution (D) with the contact angle of 105.1 o , 13.2 o , 89.8 o and 9.2 o .
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 63 Figure 6-3 Flow regimes at the first flow-focusing junction in the microfluidic chip: (A) 65 % (m/m) solution as the middle phase and water as the inner phase; (B) 40 % (m/m) solution as the middle phase and 1 % (m/v) sodium alginate aqueous solution as the inner phase. Scale bar = 200 μm.
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 64 Figure 6-4 Microscope image of the flow state at the first flow-focusing junction (A), the second flow-focusing junction and the downstream microchannel (C) under the driven-pressure (outer /middle /inner) of 152/170/156 mbar. (D) Middle phase wets the substrate of microfluidic device at the place marked by the red box in (B).
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 65 Figure 6-5 Schematic of the microfluidic device for preparation of w/o/w double droplets, which consist of two single flow-focusing chips connected in series. The microchannels of chip I (yellow) and chip II (blue) are hydrophobic and hydrophilic, respectively. The inset shows the photo of this device.
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 66 Figure 6-6 Microscope image of the flow state at the flow-focusing junction
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 67 Figure 6-7 (A) Bright-field (left) and fluorescent (right) optical microscope images of the synthesized AESO microcapsules. (B) Histogram of the diameter of the microcapsule and core with the size distribution curve fitted by the normal distribution.
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 68 Figure 6-8 (A) SEM images of synthesized AESO microcapsules (A) and the shrunk microcapsules after soaking in acetone (B).
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 71 Figure 7-1 (A) Schematic of the loading target molecules on AESO particles by diffusion method. (B) Fluorescence image of the AESO particles after soaking in Nile red acetone solution for 10 min, 24 h, 72 h. Ex. Wavelength = 488 nm, scale bar = 15 μm. (C) Fluorescence line profile of the AESO particles along the dotted line shown in (B).
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 72 Figure 7-2 (A) Schematic of the loading target molecules on AESO particles by pre-mixing method. (B) Fluorescence image of the AESO particles contained 0.1 mg/mL lipid DOPE-CF. Ex. wavelength = 488 nm. (C) Fluorescence line profile of the AESO particles along the red dotted line shown in (B).
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 73 Figure 7-3 (A) Structure of the curcumin. (B) SEM image of the curcumin loaded AESO particles, where the inset is the photo of the corresponding powders. (C) Size distribution histogram of the Cru-AESO particles, the distribution curves is fitted with the normal distribution.
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 74 Figure 7-4 (A) Fluorescence emission spectrum of saturated curcumin aqueous solution. Excitation wavelength = 420 nm. (B) Release curve of the curcumin from AESO particles in aqueous environment, where the insets show the fluorescence of particles in release assay for 0 h and 120 h, Ex. Wavelength = 488 nm.
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 75 Figure 7-5 (A) Structure of the ibuprofen. (B) SEM image of the ibuprofen loaded AESO particles, where the inset is the photo of the corresponding powders. (C) Size distribution histogram of the Ibu-AESO particles, the distribution curves is fitted with the normal distribution.
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 76 Figure 7-6 Standard curve of the ibuprofen in SIF (A) and SGF (B). (C) Release curve of ibuprofen from AESO particles in simulated body fluid.
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 77 Figure 7-7 Hixson-Crowell (A) and Korsmeyer-Peppas (B) model of ibuprofen release from AESO particles.
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 14 Figure 1-4 Observation of enzymatic degraded TPU pieces with (a) naked eye aspect of the whole TPU (b) microscopic observation of the TPU pieces surface and (c) zoomed view on a degraded part of polymers.[40] 
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 15 Figure 1-5 Triglyceride structure of the vegetable oils, in which the R1, R2, R3 represent the fatty acid.
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 18 Figure 1-8 Transesterification reaction between vegetable oil molecules and low-carbon alcohols.
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 19 Figure 1-9 From agricultural resources to bio-based plasticizers.
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 11221 The epoxidation of soybean oil has been introduced in #Section 1.here we only discuss the acylation of the epoxidized soybean oil (ESO). The essence of the acylation process is the addition of carboxylic acid and epoxy group, where epoxidized soybean oil and acrylic acid are subjected to a ring-opening esterification reaction under catalytic action.
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 111 Figure 1-11Synthesis route of AESO.[66] 
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 113 Figure 1-13 Synthesis mechanisms of AESO catalyzed by protic acids and Lewis acids.

  -15), where the photoinitiator is activated by absorbing the energy from UV radiation and the electrons in the outer layer of the initiator molecule transition to form an active center.
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 116 Figure 1-16 The oxygen inhibition in the UV curing process, where PI is initiator, PI• is the primary radical, R•, R-M•, R-Mn• are the monomeric free radicals, M is monomer, ROO• and RMOO• are the peroxyl radicals.
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 118 PEGDA) and nanohydroxyapatite (nHA) to form a photopolymerizable reinforced resin to fabricate the alternatives to structural allografts through the masked stereolithography (mSLA)-based 3D printing, as shown in By adding 10 vol % nHA, tensile strength, modulus and fracture toughness were increased to 30.8 ± 1.2 MPa, 1984.4 ± 126.7 MPa and 0.6 ± 0.1 MPa•m 1/2 , respectively, which correspond to the increase of 58 %, 144 % and 42 %. The printed nanocomposites demonstrated a good stability in simulated body fluid, which presents the excellent bone-bioactivity and potential for bone defect repair.
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 1 Figure 1-18 mSLA printed human femoral diaphysis model using SP5 nanocomposite ink (47.5 % AESO, 47.5 % PEG-DA, 5 % nano hydroxyapatite).
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 1 Figure 1-19 shows a typical emulsification in the oil/water system, where the oil and water mix with a vigorous external field (such as agitation, sonication, etc.), meanwhile the surfactant molecules adsorb at the oil/water interface, which stabilizes the oil droplets.
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 119 Figure 1-19 Schematic of typical emulsification in the oil/water system.
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 1 Figure1-20 is the schematic of the SPG membrane emulsification process, where the dispersed phase is slowly pressed into the membrane pores under the action of gas pressure. At the exit of the membrane pores, when the formed emulsion droplets reach equilibrium under the action of various forces, they leave the surface of the membrane pores and enter the continuous phase, finally forming a uniform emulsion. The particle size of emulsion droplets is mainly controlled by factors such as membrane pore size and the force on the emulsion droplets. In this process, in order to ensure the uniformity of particle size, the oil phase as the dispersed phase must not wet the membrane pores. When the surface of the microporous membrane used is hydrophilic, the hydrophilic dispersed phase will spread on the surface of the hydrophilic membrane to wet it, and the emulsion droplets with uniform particle size cannot be obtained. Therefore, the hydrophilic membrane is only suitable for preparing o/w type lotion drops.
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 120 Figure 1-20 Schematic illustration of the SPG membrane emulsification process: (1) SPG membrane module; (2) compressed nitrogen gas; (3) disperse phase container; (4) continuous phase and emulsion container;(5) magnetic stirrer; (6) thermostatic water tank; (7) thermostatic unit.[79] 

2 . 2

 22 Microfluidic technology Droplet microfluidics, whose channels and components are tens to hundreds of microns in size, can flexibly manipulate fluid flow in tiny channels or components. Due to its excellent fluid interface control ability and excellent mass and heat transfer performance, droplet microfluidics technology is a new material preparation technology platform. It not only effectively overcomes the shortcomings of traditional emulsion

Figure 1 -

 1 21 displays three widely used microfluidic configurations of T-junction, co-flow, and flow-focusing. The dispersed phase and continuous phase meet at the junction in which the continuous phase strongly shears the dispersed phase into a thread. When the fluids flow over the junction usually following with the sudden change in pressure, which leads to the breakup of the dispersed phase to form the droplets.

  Tris(trimethylsiloxy)silane] (poly-TRIS) microspheres by employing the SPG membrane emulsification technique, where the TRIS monomer-contained oil-in-water (o/w) emulsions are first prepared and exposing to UV light subsequently to polymerize the emulsions, and poly-TRIS microspheres were formed eventually. The produced microspheres have narrow size distribution. By varying the pore sizes of SPG membrane from 0.5 µm to 5 µm, the poly-TRIS microspheres with diameter of 1.42 µm to 12.31 µm can be obtain. Xu et al.[83] developed a novel monodispersed chitosan microspheres with relatively small diameter and controllable structures, where the chitosan droplets with the diameter of 55-135 µm are formed through a capillary-embedded T-junction microfluidic device (Figure1-22). The solidification time is controlled to adjust the obtained microspheres structures of porous, core-shell, and solid structures.
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 1 Figure 1-22 (a) Flow chart of the experiments. (b) Optical/Fluorescent micrographs of droplets and microspheres with different continuous phase flow rate at the fixed dispersed flow rate of 5.0 μL/min.[83] 
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 1 Figure 1-23 is the outline of this thesis. We first introduce the fabrication of AESO particles with two different strategies, where the polydispersed and monodispersed particles are prepared by vortex mixer and microfluidic technology, and the degradability of AESO particles is discussed in between. Subsequently, we present the application of the AESO non-spherical particle synthesis, where the particle with the crescent shape and hole-shell structure is introduced. Then, we further show the results of the synthesis of AESO microcapsule for encapsulation of the aqueous solution. Finally, the application of AESO particles in drug carrying and release is detailed.

Figure 1 - 23

 123 Figure 1-23 Outline of this thesis.
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 21 which consists of two steps of emulsification and photopolymerization.
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 21 Figure 2-1 Schematic of AESO microparticle fabrication routine via emulsification and photopolymerization.
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 22 photoinitiator molecules generates the 2,4,6-trimethylbenzoyl and phenylphosphonyl primary radicals, which react with acrylate monomers

Figure 2 - 2

 22 Figure 2-2 Photoinitiated mechanism of Irgacure 819 initiator: (A) Photoinduced cleavage of Irgacure 819. (B, D). Generation of monomer radical. (C). Second photoinduced cleavage of Irgacure 819.

We introduce 2 %

 2 (m/m) sodium alginate in the aqueous phase as a thickening agent, which can largely increase the viscosity of the continuous phase from 11 mPa•s to 376.4 mPa•s under the shear rate of 100 s -1 as can be seen in Figure2-3. It is worth noting that the continuous phase solution exhibits obvious shear thinning behavior after the addition of sodium alginate, whose viscosity decreases with the increase of shear rate. But even at high shear rates, the viscosity of the continuous phase increases over tenfold.
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 23 Figure 2-3 Dynamic viscosity of the different continuous phase solutions for AESO emulsification.
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 24 displays the viscosity of AESO diluted solutions with different concentrations. We can add 15 % (m/m) 1-octanol into AESO to reduce the viscosity to 2722.0 mPa•s, corresponding to a viscosity ratio (continuous/dispersed phases) of ca. 0.1,
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 24 Figure 2-4 Viscosity of AESO solutions diluted with 1-octanol and methyl oleate at different concentrations. The results are collected under the sheer rate of 100 s -1 .
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 25 Figure 2-5 Optical microscope image of AESO/1-octanol droplets (A) and AESO/Methyl oleate droplets (B). The droplets are prepared through vortex shaker at 2500 rpm shaking speed for 6 min.
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 2627 Figure 2-6 Weight loss of polymerized AESO with different diluents after washing and drying.
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 27 Figure 2-7 Size distribution histogram of AESO droplets emulsified at 2500 rpm shaking speed for 6 min (A), 12 min (B) and 30 min (C). The distribution curves are fitted with the normal distribution.
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 41 Morphology of AESO microparticles AESO droplets are exposed under UV light from, Irgacure 819 molecules is triggered to generate the primary free radical, then initiates the polymerization of the acrylate group in the AESO molecule to form particles. As shown in Figure 2-8, the synthesized AESO particles keep the round shape molded by droplets, which possesses the average diameter of 34.7 ± 10.1 μm with the CV of 29.1%. We don't observe significant differences in size between AESO particles (Figure 2-8 B) and their corresponding precursor droplets (see Figure 2-5 B), which are very close in diameter.
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 28 Figure 2-8 (A) SEM image of AESO particles, in which the inset shows the white AESO particle powder in the Eppendorf microtube. (B) Size distribution histogram of AESO particles fitted with the normal distribution.
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 29 Figure 2-9 (A) Optical images and their corresponding infrared absorbance plot of spectral slices under 1635 cm -1 of AESO droplets before and after polymerization, which were taken through FTIR microscope. (B) FTIR spectrum of the points indicated by the dashed cross in FTIR images.
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 2929 Figure 2-9 B) for bending vibration of C=C and at 1405 cm -1 (green region in Figure 2-9 B) for the in-plane deformation of -CH2. Additionally, the multiple absorption of carbonyl (C=O, red region in Figure 2-9 B) derived from the ester group of triglycerides and acrylates transforms into a single peak, it attributes to the formation of the saturated ester group in the acrylates following their polymerization. All of these above changes in IR absorption can clearly confirm the occurrence of the reticulation of AESO.

Figure 2 -

 2 10 A shows that the conversion increases following the increasing of initiator. Meanwhile, the AESO droplets with the same initiator concentration (0.4 % (v/v)) are exposed for different time for optimization. Figure 2-10 B illuminates the conversion profiles of the AESO samples, which shows an increased consumption of C=C of AESO with exposure time from 0 min to 2 min and reaches a plateau after that.
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 210 Figure 2-10 Influence of initiator concentration (A) and UV exposure time (B) on AESO droplet polymerization, the scatter plots and curves indicate data distribution. Experimental data are collected and calculated from the FTIR microscope analysis results.
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 3131 Figure 3-1 A displays the schematic of the dimer of AESO, where the polymerized part is marked by a red box, while the structure of the highly cross-linked AESO is more complex. A large number of ester groups in the AESO polymerization network can be hydrolyzed to the corresponding carboxylates and alcohols under the action of bases as shown in Figure 3-1 B, leading to degradation.
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 3123132 Figure 3-1 (A) Schematic diagram of the dimer of AESO, where "-I" represents the residue of the initiator. The red dashed box marks the position where the polymerization occurs, the purple and blue dashed boxes mark the ester bonds in two different chemical environments in the AESO molecule. (B) Hydrolysis of ester in the alkaline medium.

Figure 3 - 2

 32 Figure 3-2 Time-dependent microscopic and macroscopic (inset) appearance of the AESO particles under different chemical degradation conditions.

1 .

 1 considered a milder and more environmentally friendly way. we prepared saturated aqueous solutions of esterase (150 units/mL, pH = 8.0) and lipase (700 units/mL, pH = 7.46) as enzymatic degradation media. Here, the unit of the enzyme was defined that one unit esterase could hydrolyze 1.0 µmol of ethyl butyrate to butyric acid per minute at pH 8.0 at 25 o C and one unit lipase could hydrolyze 1.0 microequivalent of fatty acid from a triglyceride in 1 h at pH 7.2 at 37 o C. A certain amount of AESO particles accurately weighed and immersed in the above solutions respectively for the desired time. Then we collect and wash them through the filtration to remove the enzyme and degradation products of the AESO. The particles are dried to constant weight and their accurate mass is recorded to calculate the weight loss rate, which is utilized to present the degradation rate of AESO microparticles during the enzymatic degradation as displayed in Equation 3the initial mass of the AESO particles and m1 was the mass of particles after incubation.

Figure 3 - 3

 33 Figure 3-3 shows the enzymatic degradation curve under the action of esterase and lipase. AESO particles present good enzymatic degradability under both conditions in a short time. The particles exhibit a faster rate of hydrolysis in the lipase solution in the early stage. Following the time lapsing, the hydrolysis rates of the particles under both conditions gradually slow down and reached a plateau after 6 days, at which time about 35% of the particles were degraded.
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 333435 Figure 3-3 Enzymatic degradation curves of the AESO particles with saturated solution of esterase and lipase, in which the weight loss was as a function of time. The data is calculated from the AFM results.

Figure 3 - 6 B

 36 Figure 3-6 B and C that the AESO particles degraded by lipase possess finer and darker feature areas compared to esterase-treated particles, which can be explained to the lipase with higher efficiency on the

Figure 3 - 6

 36 Figure 3-6 AFM phase images of the AESO particle surface without treatment (A), treated with esterase (B) and lipase (C) for 14 days. Scale bar = 100 nm.

  used a monodisperse O/W emulsion as a template to induce the polymerization of oil-soluble multifunctional acrylates monomers in oil droplets by UV irradiation, and prepared monodisperse polymer microparticles with different compositions. The above research work shows the advantages of microfluidic method in the preparation of monodisperse microparticle functional materials.

Figure 4 - 1 A.

 41 Figure 4-1 A. The microfluidic device consisted of two parts. The top part is made of PDMS, using standard soft lithography techniques. The bottom part of the microsystem was fabricated by bonding a thin film of silicone on a glass slide, as shown in the drawing of the cross-section of the channel in Figure 4-1 A. As compared to more classical PDMS chips, we can use this way to create a homogeneous surface of substrate with the same material as the channel wall, and hence prevent it from being
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 41442 Figure 4-1 (A) Schematic of "one-pot" microfluidic chip for preparation of monodispersed AESO microparticles. Partially enlarged schematic side view shows the multilayer structure of the chip, in which the PDMS coated glass coverslip is used as the substrate. (B) Schematic of the fabrication of full polymerized AESO particles.

Figure 4 - 2

 42 Figure 4-2 (A) SEM image of AESO particles prepared by microfluidic chip. (B) Size distribution plot of AESO particles fitted with the normal distribution (CV = 2.67%).

Figure 4 - 3

 43 Figure 4-3 (A) The analysis of stress on droplets with the deformation of bullet-shape in microchannel, in which the red arrows represent the positive pressure from aqueous phase and the blue arrows represent the fluid shear stress on the droplets. (B) The deformed of AESO droplets flow in the serpentine channel of the microfluidic chip.

Figure 4 -

 4 4 A, but are perfectly dispersible in acetone. A SEM observation shows that while the core of the particles is solid, a gel-like structure is visible on their outer part, as shown in Figure 4-4 C.

OF AESO DROPLETS 4 . 4 . 1 Figure 4 - 5 .

 44145 Monodispersed AESO droplets generation under dripping regime through flow-focusing junctionIt's more favorable to stably obtain continuous and stable monodisperse AESO droplets and when the AESO phase is broken up under the dripping regime at the flow-focusing junction. We record a typical AESO droplets generation under the dripping regime with the driven-pressure of 260/255 mbar (w/o), which is recorded through a CCD camera as shown in The continuous phase and the dispersed phase first flow into the cross section of the channel under the driven-pressure, and the front end of the AESO phase forms a tapered shape under the extrusion of the continuous phase (Figure4-5 A, B). Meanwhile, the dispersed phase continues to flow forward into the outlet of the junction and gradually fills most space of the channel (Figure4-5 C), resulting in a sharp increase in the pressure of the continuous phase, which leads the continuous phase to shear the front end of the dispersed phase, causing necking in the dispersed phase and elongation in the axial direction (Figure4-5 D). When the tip of the dispersed phase passes through the entire throat of the channel and reaches the downstream expanding outlet, the pressure suddenly drops, decreasing of the dispersed phase velocity. The subsequent AESO phase is gradually injected into the tip to increase its volume (Figure4-5 E, F).During this process, the continuous phase continuously shears the dispersed thread. Finally, the continuous phase breaks up the neck under the action of pressure, and the tip of the dispersed phase is transformed into a separate droplet, which is transported the downstream with the flow of the continuous phase (Figure4-5 G, H).

Figure 4 - 5

 45 Figure 4-5 Dynamics of AESO droplet formation in a typical dripping regime. Continuous phase: aqueous solution of 15% Pluronic F68 and 10 % Tween 20, dispersed phase: 65% AESO/1-octanol solution. Scale bar = 200 μm.

Figure 4 - 6

 46 Figure 4-6 Flow regimes of 85 % (m/m) (A), 75 % (m/m) (B) and 65 % (m/m) (C), AESO/1-octanol thread in microfluidic chip with the driving pressure of 100/3 mbar (w/o), 100/10 mbar (w/o) and 100/90 mbar (w/o), in which 15 % (m/m) Pluronic F68 and 10 % (m/m) Tween 20 aqueous solution is used as the continuous phase. Scale bar=100 μm.

Figure 4 - 7

 47 Figure 4-7 illustrates the force analysis that act on the flow direction at the flow-focusing junction. The shear force and the pressure gradient arising in the continuous phase in the neck stage of the flow will lead to the drag force to promote the droplet formation. The flow rates of the dispersed and mobile phases play a crucial role in the breakup of droplets.

Figure 4 - 7

 47 Figure 4-7 Force analysis indicating the interfacial tension force and drag force in the flow-focusing stage. Black arrow indicates the flow direction in microchannels. Scale bar = 50 μm.

4 . 3

 43 hydrodynamic parameters on the formation of AESO droplets, we pump the 65 % (m/m) AESO/1-octanol solution and an aqueous solution of 15% Pluronic F68 and 10% Tween 20 into the chip based on flow-focusing as the dispersed phase and continuous phase, respectively. And we maintain the driven pressure of the continuous phase at 100 mbar and slowly increase the driven pressure of the dispersed phase in a wide range, in which the relative velocity of the continuous phase gradually decreases.

Figure 4 - 8 A

 48 , B, C shows the three main breakup regimes of the AESO droplets we observed in turns: dripping, jetting and stable co-flow regime. The dripping regime has been described in the #Section 4.4.1. The jetting regime can be seen in Figure 4-8 B, the dispersed phase is compressed into a thread and maintains this shape through the junction to reach the downstream outlet. The threads are broken to form droplets under the external disturbance, and the obtained droplets are

Figure 4 - 8 Figure 4 - 8 C.

 4848 Figure 4-8 Breakup of the AESO thread in 15% Pluronic F68 and 10% Tween 20 aqueous solution. (A) Stable co-flow regime: 100/119 mbar (w/o). (B) Jetting regime: 100/125 mbar (w/o). (C) Dripping regime: 100/187 mbar (w/o). (D) Driving pressure of continuous/dispersed phase-based flow map with flow regimes, in which the green, blue, and red regions present the dripping, jetting and stable co-flow regime of AESO phase in microfluidic device. Red arrow indicates the flow direction in microchannels. Scale bar = 200 μm.

  acquire the AESO droplets with the diameter of 35 μm, 45 μm and 55 μm under the pressure ratio (continuous/dispersed) of 204/143 mbar, 138/133 mbar and 138/137 mbar. Since the sizes of AESO droplets and particles are correlated, it provides an efficient way to tune the size of synthesized AESO particles.

Figure 4 - 9 5 CONCLUSION

 495 Figure 4-9 AESO droplets with different size were generated under different pressures ratio of continuous/dispersed phase: (A) 35 μm-204/143 mbar, (B) 45 μm-138/133 mbar, (C) 55 μm-138/137 mbar

  prepared by microfluidic chip to fabricate the hole-shell structured microparticles. In this method, a mixed solution of photopolymerizable resin ethoxylated trimethylolpropane triacrylate (ETPTA) and organic solvent benzyl benzoate (BB) are used as the intermediate oil phase, and polyglycerol ricinole ester (PGPR) as an emulsifier. Due to the poor solubility of ETPTA monomer for PGPR, it reduces the solubility of the intermediate oil relative to PGPR, resulting in the W/O interface of the inner phase and the outer phase tending to be connected, so that the double emulsion can be controlled to transfer from a core-shell type to an acorn-type structure. By changing the proportion of ETPTA in the intermediate oil phase, the degree of evolution of the w/o/w double emulsion can be controlled. Using these controllably evolved double emulsions as templates, hole-shell microparticles can be obtained.

Figure 5 - 1 A

 51 Figure 5-1 A shows the schematic of the PDMS microfluidic device to generate the monodispersed Janus droplets and corresponding

Figure 5 - 1

 51 Figure 5-1 (A) Schematic of the microfluidic device with the Y-shaped flowfocusing junction for preparation of crescent-shaped AESO particles. (B) Schematic of the generation of AESO/silicone oil Janus droplets and the forming of the crescent-shaped AESO particles.

Figure 5 - 2 A

 52 Figure 5-2 A shows the generation of AESO/Silicone oil Janus droplet at the driven-pressure (AESO/silicone oil/water) of 236/205/238 mbar. We can clearly distinguish the AESO part (dark) and the silicone oil part (light) in Janus droplets due to their difference in the refractive index. The Janus droplet maintains an approximately spherical shape at the beginning of formation and deforms slightly due to external pressure changes caused by the expansion of the microchannel. Following the continuous
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 52 Figure 5-2 Optical microscope image of AESO/Silicone oil Janus droplets at flow-focusing junction (A) and outlet (B). (C) SEM images of the crescentshaped AESO particles with the tilt of 25 o . (D) Size distribution plot of the crescent-shaped AESO particles fitted with the normal distribution (CV = 9.6 %).
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 53 Figure 5-3 Generation of AESO/Silicone oil Janus droplets with the drivenpressure ratio (AESO/Silicone oil) of 226/216 (A), 226/153 (B) mbar, where the driven-pressure of the continuous phase remains constant of the 210 mbar.

Figure 5 - 4 A

 54 Figure 5-4 A exhibits the relationship between the size of the AESO particle and PAESO/PSilicone oil. The particle diameter increases from 55.9 to

Figure 5 - 4

 54 Figure 5-4 (A) Dependence of the size of the crescent-shaped AESO particles on the driven-pressure ratio (AESO/Silicone oil), where the insets show the morphology of corresponding Janus droplets. SEM image of the crescent-shaped AESO particles prepared with the driven-pressure ratio (AESO/Silicone oil) of 1.40 (B), 1.34 (C) and 1.19 (D). Scale bar = 50 μm.

Figure 5 - 5

 55 Figure 5-5 (A) Schematic of the force analysis of the Janus droplets, where the γA-S, γA-W, γS-W are the interfacial tensions at the interface of AESO/Silicone oil, AESO/Water and Silicone oil/Water. (B) Neumann's triangle relation of the γA-S, γA-W and γS-W.

5 - 3 Equation 5 - 3 Figure 5 - 6 B

 535356 suggests that we can vary the interfacial tension to tune the contact angle (cos θA) between the interfaces at the three-phase contact line. We add an oil-soluble surfactant Span 80 (HLB=4.3) in the AESO solutions with the concentration range from 0.3 to 5 % (v/v) and use them to prepare the AESO/Silicone oil Janus droplets and the crescent-shaped AESO particles under the same flow conditions (PAESO/PSilicone oil=1.19). We cannot clearly observe and compare the changes at the interface of AESO and silicone oil through the optical microscope of the droplets due to the different tilt angles of the Janus droplets (Figure5-6 A, C, E, G). , D, F, H present the variation of morphology of the AESO particles.

Figure 5 - 7

 57 shows the simulation results of the three-dimensional models based on the measured interfacial tension,

Figure 5 - 8 A

 58 presents the structure of this device, consisting of a double flow-focusing junction and a winking channel at downstream. We use the same protocol described previously to make the microfluidic chip and hydrophilic treatment for the microchannel. As shown in Figure 5-8 B, we introduce the outer phase (15 % (m/m) Pluronic F68 aqueous solution with 10 % (m/m) Tween 20), middle phase (65 % (m/m) AESO/1-octanol solution with 0.4 % (v/v)) and inner phase (silicone oil) synchronously from corresponding inlets. The silicone oil is first squeezed by the AESO solution at the first flow-focusing junction, which forms a coaxial co-flow instead of generating the droplets by adjusting the driving pressure of the two phases. Then, the aqueous phase cuts off the coaxial fluid of AESO and silicone oil at the second junction to generate the silicone oil in AESO in water double droplets. With the transfer of the double droplet, the inner silicone oil droplet locates at back of the AESO droplet, where the double droplets remain the spherical shape. The reticulation of the AESO shell occurs in the serpentine region with UV light. We use acetone to wash off the silicon oil to get the AESO particles with a hollow structure and a small single hole.
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 58 Figure 5-8 (A) Schematic of the microfluidic device with the double flowfocusing junction for preparation of the hole-shell structured AESO particles. (B) Schematic of the generation of AESO/silicone oil double droplets and the forming of the hole-shell structured AESO particles.
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 595959 Figure 5-9 A depicts the generation of the double emulsion under the driven pressure (AESO/silicone oil/water) of 227/216/210 mbar, where the dark and light parts correspond to the AESO and silicone oil segments, respectively. We clearly observe their eccentric core-shell structure, which is kept until the droplets or particles go out of the chip as shown in Figure 5-9 B. The morphology of the hole-shell structured AESO particle
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 59 Figure 5-9 Optical microscope image of AESO/Silicone oil double droplets at flow-focusing junction (A) and outlet (B) under the driven pressure (AESO/silicone oil/water) of 227/216/210 mbar. (C) SEM images of the hole-shell structured AESO particles with the tilt of 25 o . (D) Histogram of the diameter of the particles and core with the size distribution curve fitted by the normal distribution.

Figure 5 -

 5 10 A. However, the silicone oil segment begins to leave the interior of the AESO soon, eventually causing the morphology transformation into the snowman-like Janus droplet as presented in Figure 5-10 B.

  the spontaneous transition from double droplet to Janus droplet, as shown in Figure 5-10 C.

Figure 5 - 10

 510 Figure 5-10 Optical microscope image of AESO/Silicone oil double droplets at flow-focusing junction (A) and outlet (B) under the driven pressure (AESO/silicone oil/water) of 227/220/210 mbar. (C) Sketch of the spontaneous transformation of the Silicone oil/AESO/water double droplet.
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 361 W/O/W DOUBLE EMULSION VIA MICROFLUIDIC DEVICE 6.2.1 Preparation of double droplets through a single microfluidic chip with a double flow-focusing junction 6.2.1.1 Structure and workflow of the microfluidic device We have introduced the method to prepare the non-spherical particles based on the silicone o/o/w double emulsion through a microfluidic device with a double flow-focusing junction in Chapter 5 #Section 5.Due to the interfacial tension between AESO, silicone oil, and water, the droplets tend to form eccentric double droplets and eventually produce the AESO microparticles with a hole-shell structure. Here we replace the silicone oil with an aqueous solution as the inner phase and use the same microfluidic chip to generate water-in-oil-in-water (W/O/W) double droplets and microcapsules, as shown in Figure Briefly, the thread of inner aqueous phase is pinched by the AESO solution at the first flowfocusing cross to form primary W/O droplets. Then, the middle oil phase carries these droplets and is emulsified at the second flow-focusing cross, obtaining the w/o/w double droplets. which can be polymerized under the UV illumination in the following microchannel and finally produce the microcapsules.

Figure 6 - 1

 61 Figure 6-1 Schematic of the microfluidic device with the double flowfocusing junction for preparation of the w/o/w droplets and AESO microcapsules, where the microchannel in the yellow part is hydrophobic and the microchannel in the blue part is hydrophilic.

Figure 6 - 2

 62 displays the modification effect on the PDMS surface with the above solutions, where they result in the contact angle of 9.2 o and 89.8 o with water, respectively, to get the hydrophilic and hydrophobic surface. In our case, we first inject the PVP solution into the chip from the outlet (rightmost one in Figure 6-1) and The viscosity of these two phases is optimized through adding 1 % (m/v) sodium alginate as the thickener in water phase and diluting the AESO into 40 % (m/m), which issues in the continuous and stable generation of w/o droplets, as shown in Figure 6-3 B.

Figure 6 - 3

 63 Figure 6-3 Flow regimes at the first flow-focusing junction on the microfluidic chip: (A) 65 % (m/m) solution as the middle phase and water as the inner phase; (B) 40 % (m/m) solution as the middle phase and 1 % (m/v) sodium alginate aqueous solution as the inner phase. Scale bar = 200 μm.
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 1644 Figure 6-4 C, which is because that the AESO solution wets the substrate at the outlet part of the flow-focusing junction, as exhibited in Figure 6-4 D. This place is the around the boundary of the hydrophilic and hydrophobic modified regions, hence we speculate that the incomplete

Figure 6 - 4

 64 Figure 6-4 Microscope image of the flow state at the first flow-focusing junction (A), the second flow-focusing junction and the downstream microchannel (C) under the driven-pressure (outer /middle /inner) of 152/170/156 mbar. (D) Middle phase wets the substrate of microfluidic device at the place marked by the red box in (B).

6. 2 . 2 Figure 6 - 5 .

 2265 Preparation of the double droplets through two serial microfluidic chips6.2.2.1 Structure and workflow of the microfluidic deviceTo overcome the wetting problem caused by the complex surface modification in the last section, we use another preparation device consisting of two chips with single flow-focusing connected in series, as shown in The whole microchannels of these two chips are treated into hydrophobic (Chip I) and hydrophilic (Chip II), respectively, through flushing the corresponding microchannels by the PVP solution and Rain-X solution. The middle phase emulsifies the inner phase in Chip I and the suspension of generated w/o droplets is driven into Chip II through a tubing, which act as the new dispersed phase and is pinched off at the flow-focusing junction to get the w/o/w double emulsion.

Figure 6 - 5

 65 Figure 6-5 Schematic of the microfluidic device for preparation of w/o/w double droplets, which consist of two single flow-focusing chips connected in series. The microchannels of chip I (yellow) and chip II (blue) are hydrophobic and hydrophilic, respectively. The inset shows the photo of this device.

Figure 6 - 7

 67 Figure 6-7 (A) Bright-field (left) and fluorescent (right) optical microscope images of the synthesized AESO microcapsules. (B) Histogram of the diameter of the microcapsule and core with the size distribution curve fitted by the normal distribution.

Figure 6 - 8

 68 Figure 6-8 (A) SEM images of synthesized AESO microcapsules (A) and the shrunk microcapsules after soaking in acetone (B).

6. 4 CONCLUSION

 4 This chapter presents a straightforward method based on the w/o/w double emulsion droplet to fabricate AESO microcapsules with an aqueous core. Through the optimization of the microfluidic structure and matching the viscosity of the fluids in each phase, we finally obtain the microcapsule with an average diameter of 46±11 μm and an average core size of 26±8 μm. The capsules present polydispersity and an encapsulation ratio of 46.2 % due to the generation of the precursor droplet in the jetting regime. Although the preparation conditions still need to be optimized to control the morphology of the synthesized microcapsules effectively, our results still demonstrate the operability and accessibility of this protocol. It's promising to apply these bio-sourced capsules in the encapsulation of water-soluble substances, such as drugs, spices, perfume, etc., in bio-sourced materials.
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 7171 , where a certain amount of AESO particles is immersed in the acetone solution of Nile red dye with the concentration of 1 mg/mL for a period of time. Nile red molecules can enter the cross-linked network of AESO as the acetone swells the particles. Finally, we can obtain the Nile red-loaded AESO particles by centrifugation. Nile red dye is highly solvatochromic, which strongly fluorescence in a lipid-rich environment, but not in polar solvents (such as water). Thus, we re-disperse the obtained particles in an aqueous buffer solution and check the fluorescence on the particle cross-sections by confocal microscope. It can be seen in Figure that we observe the red fluorescence inside the AESO particles with the different soaking times of 10 min, 24 h, and 72 h, where the fluorescence is only found around the edge of the particles with 10 min soaking, but nearly the whole cross-section of the particles with 72 h soaking. Furthermore, Figure 7-1 C displays the corresponding normalized line profiles of the fluorescence intensity along the diameter of AESO particles marked with the dashed line in Figure 7-1 B, and it clearly describes the gradient of fluorescence from edge to center of the particles, the sample with longer soaking time possesses higher diffusion depth and more homogeneous fluorescence intensity inside the particles at equilibrium, which suggests the effectiveness of this approach to load hydrophobic molecules in AESO particles.

Figure 7 - 1

 71 Figure 7-1 (A) Schematic of the loading target molecules on AESO particles by diffusion method. (B) Fluorescence image of the AESO particles after soaking in Nile red acetone solution for 10 min, 24 h, 72 h. Ex. Wavelength = 488 nm, scale bar = 15 μm. (C) Fluorescence line profile of the AESO particles along the dotted line shown in (B).

7. 2 . 2

 22 Loading of lipid in AESO particles by premixing methodAnother method of loading molecules is described in Figure 7-2 A, where we use the headgroup-modified fluorescent phospholipids (DOPE-CF) as the target molecule and evenly mix it with the AESO/1-octanol solution containing a photoinitiator, the final concentration of the DOPE-CF is 0.1 mg/mL. This photosensitive oil solution as the dispersed phase emulsified by a surfactant solution of Pluronic F68/Tween 20 to form the droplets and reticulated by the UV light to form the microparticles subsequently, as the method described in Chapter 4. With the polymerization of AESO, DOPE-CF molecules are encapsulated in a cross-linked network. The synthesized particles present the green fluorescence raised from the DOPE-CF in the whole cross-section of particles in Figure 7-2 B, which can be maintained after the UV exposure in the preparation process.

Figure 7 - 2

 72 Figure 7-2 (A) Schematic of the loading target molecules on AESO particles by pre-mixing method. (B) Fluorescence image of the AESO particles contained 0.1 mg/mL lipid DOPE-CF. Ex. wavelength = 488 nm. (C) Fluorescence line profile of the AESO particles along the red dotted line shown in (B).

  release in the human body, significantly improving the oral bioavailability of curcumin. Alternating carbonyl groups and carbon-carbon double bonds in the curcumin molecule (see Figure7-3 A) lead to π-π conjugation that activates the carbon-carbon double bond. As a result, the reactive method is not fit for the encapsulation of curcumin. Therefore, we use an identical method as mentioned in #Section 7.2.1, where we incubate 200 mg of prepared AESO microparticles in an ethanolic solution of curcumin with the concentration of 3 mg/mL for 72 h to get the curcumin loaded AESO (Cur-AESO) particles. We obtain the yellow powder of the Cur-AESO particles with a diameter of 22.9±5.8 μm, but there is no obvious change in their microscopic morphology compared to the original particles, as exhibited in Figure7-3 B, C.

Figure 7 - 3

 73 Figure 7-3 (A) Structure of the curcumin. (B) SEM image of the curcumin loaded AESO particles, where the inset is the photo of the corresponding powders. (C) Size distribution histogram of the Cru-AESO particles, the distribution curves are fitted with the normal distribution.
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 747474 Figure 7-4 A). Changes in the fluorescence emission intensity of the

Figure 7 - 4

 74 Figure 7-4 (A) Fluorescence emission spectrum of saturated curcumin aqueous solution. Excitation wavelength = 420 nm. (B) Release curve of the curcumin from AESO particles in aqueous environment, where the insets show the fluorescence of particles in release assay for 0 h and 120 h, Ex.

Figure 7 - 5

 75 Figure 7-5 (A) Structure of the ibuprofen. (B) SEM image of the ibuprofen loaded AESO particles, where the inset is the photo of the corresponding powders. (C) Size distribution histogram of the Ibu-AESO particles, the distribution curves are fitted with the normal distribution.

Figure 7 - 6

 76 Figure 7-6 Standard curve of the ibuprofen in SIF (A) and SGF (B). (C)Release curve of ibuprofen from AESO particles in simulated body fluid.

  (i) n ≤ 0.45, quasi-Fickian or Fickian diffusion, where the diffusion rate is slower than the relaxation of the polymer; (ii) 0.45<n<0.89, non-Fickian diffusion, where the diffusion rate and the relaxation of the polymer are in the same level; (iii) n≥0.89, case II transport, where the diffusion rate is faster than the relaxation of macromolecule. In both system of SGF and SIF, the obtained values of n are less than 0.45, which indicates that the ibuprofen release is governed by the quasi-Fickian diffusion, which is related to the concentration gradient in the liquid phase and can be used to explain the decreasing release rate and the plateau at the end in Figure 7-6 B. Similar

Figure 7 - 7 7. 4 CONCLUSION

 774 Figure 7-7 Hixson-Crowell (A) and Korsmeyer-Peppas (B) model of ibuprofen release from AESO particles.
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 23456 photopolymerization under the exposure to UV light. We study

3 . 4 . 5 . 6 . 7 .

 34567 Diluting the above emulsion with 500 μL of DI water to obtain a polydispersed droplet suspension. Centrifuging and rinsed the droplet suspension for three times at 2000 rpm for 30 s with a phosphate buffer (20 mM) containing Tween 20 at its critical micelle concentration (PB-Tween 20, pH = 7.2, CMC = 0.06 g/L) to remove the excess Pluronic F68 and sodium alginate from the continuous phase. Putting 200 μL AESO droplet suspension on a clean glass slide and exposing under the UV lamp (DELO DELOLUX 03 S, 325 nm-600 nm, 60 mW/cm² ± 10%) for 2 min. Using a cover with a glass window during the photopolymerization to avoid water evaporation. Collecting the polymerized AESO particles into a microtube by pipette and dried overnight at 70 o C. Rinsing the particles with 5 % (m/m) SDS aqueous solution, acetone, and DI water successively to completely remove the enzyme and degraded products.

8 . 1 .

 81 Drying the samples to constant weight at 60 o C. Heating the silicon wafer at 200 o C for 10 min.

PROTOCOLS 7 : 6 . 2 .

 762 PREPARATION OF MONODISPERSED AESO PARTICLE WITH SPHERICAL OR NON-SPHERICAL SHAPE 1. Connecting the stock reservoir and collection tube with the inlets and outlet on the chip by plastic tubing (ID = 0.02 inches, OD = 5. Rinsing the AESO particles with the DI water for 3 times. Drying the particles in an oven at 40 o C overnight. Loading of the DOPE-CF and ibuprofen through premixing method 1. Mixing 1 mg lipid DOPE-CF, 40 µL of a 10 % (m/m) Irgacure 819/acetone solution and 960 µL of 65 % (m/m) AESO/1-octanol solution. Mixing 15 mg ibuprofen, 40 µL of a 10 % (m/m) Irgacure 819/acetone solution and 960 µL of 65 % (m/m) AESO/1-octanol solution.

  atomic force microscope (Dimension ICON, Bruker, U.S.) with the tapping mode. The following settings are used: Scan size = 5×5 μm, Scan angle = 90 o , Scan rate = 0.935 Hz. The AFM images were calibrated through a flattening with second order function before analysis. The roughness is presented by the full width at half maximum (FWHM) of the height distribution curve, which is fitted by Gaussian function.

  

  

  

  

  

  

  

  

  

  

  

  

Table 5 - 1

 51 Interfacial tension between the surface of the aqueous phase, silicone oil phase, and AESO phase

Table 6 - 1

 61 The components of inner, middle, outer phase for the w/o/w droplets preparation.
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 71 The constants and coefficient of k and n determined from the Korsmeyer-Peppas model.

	LIST OF ABBREVIATIONS AND ACRONYMS
	AESO	Acrylated epoxidized soybean oil
	AFM	Atomic force microscope
	D2O	Deuterium oxide
	DOPE	1,2-Dioleoyl-sn-glycero-3phosphoethanolamine
	DPPC	Diphenylphosphinic chloride
	ESO	Epoxidized soybean oil
	EtOH	Ethanol
	FITC	Fluorescein-5-isothiocyanate
	FTIR	Fourier-transform infrared
	HLB	Hydrophilic-lipophilic balance
	IR	Infrared
	MCC	Microcrystalline cellulose
	NCC	Nanocellulose crystals
	NFC	Nanofibrillated cellulose
	NPG	Neopentyl glycol
	o/w	Oil in water
	O2	Oxygen
	PB	Phosphate buffer
	PBS	Phosphate-buffered saline
	PDMS	Polydimethylsiloxane
	PEG-DA	Poly (ethylene glycol) diacrylate
	PLA	Polylactic acid
	PS	Polystyrene

global economy, more and more complex and delicate polymers, and their composite materials, such as polyethylene (PE), polypropylene (PP), polyurethane (PU), polystyrene (PS), polycarbonate (PC), etc., have been developed and used in all aspects of modern life. Plastics have become indispensable materials in social life and industry, and people's demand for them also increases day by day. According to statistics, the global average daily oil consumption in 2019 was about 99.7 million barrels, of which about 9%

Table 1 -2. Table 1-1 Common fatty acid structures in vegetable oils Fatty acid Structure

 1 

	The most common fatty acids and compositions in vegetable oil are
	summarized in Table 1-1. As can be seen from the table, most fatty acids are
	long straight-chain compounds with the unsaturated bond, which usually have
	a cis configuration. The physical state of vegetable oils depends on the nature
	and distribution of fatty acids. The physical and chemical properties of the
	vegetable oils largely depend on the degree of unsaturation, the average
	double bonds number of common vegetable oils is also displayed in Ricinoleic acid
	Palmitic acid
	Stearic acid
	Oleic acid
	Linoleic acid
	Linolenic acid
	α-eleostearic acid

Table 1 - 2
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Table 5 - 1 .

 51 An open-source software Surface Evolver is used to simulate a triphasic immiscible system under the action of surfactants, the shape of the droplet and interface are optimized following the principle of minimum surface energy.

Table 5 - 1

 51 Interfacial tension between the surface of the aqueous phase, silicone oil phase, and AESO phase

	Concentration of Span 80	Interfacial Tension (mN/m)
	in AESO phase	γA-W	γS-W	γA-S
	0.3 % (v/v)	0.66	0.78	0.53
	1 % (v/v)	0.54	0.78	0.47
	2 % (v/v)	0.47	0.78	0.33
	5 % (v/v)	0.31	0.78	0.24

Table 6 - 1

 61 The components of inner, middle, outer phase for the w/o/w droplets preparation.

	Inner phase	Middle phase	Outer phase
	1 % (m/v) sodium alginate		
	0.25 mg/mL FITC-Dextran		

Table 7 -1.
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Table 7 - 1

 71 The constants and coefficient of k and n determined from the Korsmeyer-Peppas model.

		Release media
	Parameters		
		SGF	SIF
	n	0.276	0.334
	k	0.443	0.33

PREPARATION OF POLYDISPERSED AESO PARTICLES VIA EMULSIFICATION AND PHOTOPOLYMERIZATION 1

  . Mixing 40 µL of a 10 % (m/m) Irgacure 819 in acetone solution with 960 µL of 85 % (m/m) AESO in 1-octanol or methyl oleate solution in a 2 mL microtube (Axygen, Illkirch, France). The photoinitiator final working concentration is equal to 0.4 % (v/v).2. Emulsificationof AESO can be performed by the following two different strategy: A). Adding 100 μL of the AESO-Irgacure solution into 200 μL of an aqueous phase containing 15 % (m/m) Pluronic F-68 as non-ionic surfactant and 2 % (m/m) sodium alginates as a thickening agent in a 2 mL microtube. Mixing with a vortex mixer (VORTEX Genius 3, IKA, Staufen, Germany) at a vibration speed of 2500 rpm for 6 min. B). Putting 200 μL of continuous phase containing 15 % (m/m) Pluronic F-68 and 2 % (m/m) sodium alginates and adding 20, 30, 50 μL AESO-Irgacure solution in sequence. Using a pestle to gently grind for fully emulsification after each addition.

	PROTOCOLS 1:			
	2,4,6-trimethyl benzoyl) phosphine oxide 1-octanol	162881-26-7 111-87-5	Sigma-Aldrich Alfa Aesar	Irgacure 819 C8H18O, 99%
	Potassium hydroxide	1310-58-3	Alfa Aesar	KOH, pellets
	Pluronic F-68	9003-11-6	Sigma-Aldrich	Poloxamer 188
	Polyethylene glycol sorbitan Phosphate buffered saline solution monolaurate Absolute ethanol	9005-64-5 64-17-5	Sigma-Aldrich Thermo Fisher Scientific VWR Chemicals	PBS, pH 7.4 Tween 20 ≥99.8%
	Sodium phosphate dibasic heptahydrate Deuterium oxide	7782-85-6 7789-20-0	Sigma-Aldrich Eurisotop	Na2HPO4•7H2O D2O, 99.90%
	Boric acid Polydimethylsiloxane	10043-35-3	Sigma-Aldrich Dow Corning	H3BO3 PDMS, SYLGARD 184
	Esterase SU-8 Photoresist	9016-18-6	Sigma-Aldrich MicroChemicals	EC 3.1.1.1, from porcine liver, ≥15 units/mg SU-8 2050
	Lipase Propylene glycol methyl ether acetate	9001-62-1 108-65-6	Sigma-Aldrich MicroChemicals	EC3.1.1.3, from Candida rugosa, Type VII, ≥700 unit/mg PGMEA
	Sodium dodecyl sulfate 1,2-dioleoyl-sn-glycero-3-	151-21-3	Sigma-Aldrich	SDS
	phospho ethanolamine-N-	799268-49-8	Avanti Polar Lipids DOPE-CF
	Sodium phosphate monobasic monohydrate (carboxyfluorescein)	10049-21-5	Sigma-Aldrich	NaH2PO4•H2O
	Polyvinylpyrrolidone	9003-39-8	Sigma-Aldrich	PVP, K90

FOR THE MORPHOLOGY OF JANUS DROPLETS

  Dans le chapitre 4, nous présentons un dispositif microfluidique à un seul pot pour fabriquer les particules d'AESO, qui consiste en une jonction transversale de focalisation du flux pour émulsionner la phase AESO et un canal en serpentin pour la photopolymérisation sous exposition à la lumière UV. Les microparticules d'AESO synthétisées possèdent une bonne monodispersité. La forme ovoïde des particules d'AESO est formée en raison des gradients radiaux de la vitesse du fluide dans les microcanaux. Pendant le processus de photopolymérisation, l'oxygène inhibe la réticulation de la partie superficielle des gouttelettes d'AESO, et nous pouvons obtenir les particules entièrement polymérisées par une seconde exposition aux UV. De plus, nous constatons que la faible viscosité de l'AESO est bénéfique à l'émulsification. L'influence des paramètres hydrodynamiques de la phase dispersée et de la phase continue sur les régimes de génération des gouttelettes est analysée pour guider le réglage de la taille des gouttelettes d'AESO. Nous obtenons finalement les gouttelettes d'AESO avec le diamètre de 35 μm à 55 μm en changeant les pressions entraînées des deux phases, qui fournissent une voie disponible pour préparer les particules d'AESO avec la taille requise.

	prometteur.	
	parameter TENS = 0.776583	// Silicone oil-AESO surface
	tension	
	parameter TENS1= 0.31	// AESO-water surface tension
	parameter TENS2= 0.78	// Silicone oil-water surface
	tension	
	parameter R1 = 1	//Radius of AESO
	parameter R2 = 1	//Radius of Silicone oil
	parameter volAESO = (4*3.14*R1^3)/3	// Volume of AESO
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flush it into the downstream part (blue region in Figure 6-1).

Simultaneously, the upstream part (yellow part in Figure 6-1) is blocked by pumping the air from the middle two inlets. Similarly, we then flush the microchannel with Rain-X solution from the second inlet from the left in 

Generation of w/o/w double droplets

As discussed in Chapter 2 #Section 2.3.1 and Chapter 4 #Section 4.4.2, droplet generation is highly dependent on matching the viscosities of the continuous and dispersed phase. When using 65 % (m/m) solution as the middle phase and water as the inner phase, the AESO phase is full of the downstream channel through the first flow-focusing junction rather than breaking the water phase to form the droplets, as shown in Figure 6-3 A.

Generation of the w/o/w double droplets

The solutions with the same composition as summarized in Table 6- 

CHARACTERIZATION OF AESO MICROCAPSULES

We initiate photopolymerization of the AESO phase by irradiating the UV light on the serpentine channel region of Chip II after double droplet Wavelength = 488 nm.

Loading and in-vitro release assay of ibuprofen

Ibuprofen is a non-steroidal drug, which can inhibit cyclooxygenase and reduce the generation of prostaglandins, resulting in analgesic and antiinflammatory effects, thus is widely used for the treatment of pain, fever, and inflammation. [185,186] However, the structure of arylalkanoic acid (see Figure 7-5 A) gives rise to a short serum half-life of 1.8 to 2 hours [186] .

Patients have to suffer the frequent administration of 3 or 4 times per day, which usually leads to side effects, such as gastrointestinal toxicity, ulcer, etc. [187,188] In addition, the bioavailability of ibuprofen is low due to its poor solubility in water. It's an effective solution to utilize the microcarriers to encapsulate and release ibuprofen to get over these disadvantages. Here, we mix the 15 mg ibuprofen with photosensitive AESO solution (65 % (m/m) AESO/1-octanol and 0.4 % (v/v) Irgacure 819). This oil solution is emulsified and polymerized to prepare the ibuprofen loaded AESO (Ibu-AESO) particles. We obtain the synthesized Ibu-AESO particles with a diameter of 20.5 ±8.3 μm, whose morphology remains the same as the original particle, as shown in Figure 7-5 B, C. The FIJI/Image J software is used for image analysis and statistics.

APPENDIX MATERIALS

Scanning electron microscopy

The morphology of the AESO particles is analyzed via scanning electron microscopy (SEM, Quattro ESEM, Thermo Fisher Scientific, U.S.), the sample surface is metallized with a layer of nano-gold via a sputter coater (108, Cressington, UK) to prevent charging during the imaging. For the observations, these following settings are used: WD = 10.0 mm, LVD detector with secondary electron mode.

Fourier-transform infrared analysis

The evaluation of AESO droplet photopolymerization was carried out using a Fourier-transform infrared microscope [200] (Cary 620, Agilent, U.S.)

with a 15x objective. Prior to the observation, the AESO droplets and particles were rinsed with D2O solution containing Tween 20 at the CMC.

The suspension was immobilized between two CaF2 coverslip (Crystran, diameter 13 ± 0.1 mm, thickness 0.