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Many studies have been conducted on the synthesis, properties, and application of
core-shell polymeric nanostructures. In this review, organic-organic and organic-
inorganic core-shell structures, along with their synthesis techniques, have been
investigated. The processes of making these structures include multi-stage seeded
polymerization (including emulsion, miniemulsion, Microemulsion, Pickering
emulsion, etc.), co-precipitation, and sol-gel. Among them, the emulsion
polymerization strategies are the most paramount. Core-shell polymers are hybrid
composite particles that have at least two different components. There are also
parameters such as the kind and quantity of initiators, glass transition temperature
(Tg), and crosslinks Density (CLD), which affect the morphology of particles. Soft or
stiff core or shell, glass transition temperature, type of inorganic nanoparticles, and
nanoparticle modifier can lead to different efficiencies for this type of core-shell
polymer structure.
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Table 1: Monomers and Crosslinking agents used in the structure core and/or shell (4, 5).
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Figure 1: General core—shell particles classification.
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Figure 2: Classification of preparation of core-shell nanoparticles based on materials.
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Figure 4: Schematic showing the synthesis of P(MMA-BA)/PNFHA nanoparticles (12).
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Figure 5: DSC traces of as-prepared CSP1, CSP2, CSP3, and CSP4 nanoparticles (12).
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Figure 6: Polyacrylate-Poly(nonafluorohexyl acrylate)(PNFHA) core-shell coating on the substrate with SEM images of the surfaces and cross-
sections coated with CSP1, CSP2, CSP3, and CSP4 (12)(9).
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! Backbone Segments

2 Stress Intensity factor (Kmas)

® Crack Propagation Energy (Uprop)

4 Single-Edge Notched Bending (SENB)

% Izod Impact Strength

¢ Gradient

" Starve-Fed

& Two-Step Emulsion Polymerization(2SEP)

® Power Feed Emulsion Polymerization (PFEP)
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Table 2: Recipes for manufacturing AIMs and Diameters of Rubber Particles (14).

Composition of
the rubber particles

AIM-1 213 49 1.0 27
AIM-1 213 49 2.0 27
AIM-1 213 49 2.5 27
AIM-1 213 49 3.0v 27

Composition of the shell

Diameter of the rubber particles (nm)

3 249
8 258
3 252
3 254
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Figure 7: Process flow diagram of Power Feed Emulsion Polymerization(PFPE) (16).
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2 Polysorbate 80 (CgsH12402)
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Figure 8: The synthetic strategy used with different mass ratios of surfactants to control the core-shell structure of the hybrid latex (17).
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Table 3: Common modifiers and their molecular structures (4).

Surface modifier

Molecular structure

Oleic acid

Glycerol
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3-(Trimethoxysilyl)propyl methacrylate (MSMA or G-570)
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y-aminopropyltriethoxysilane (APTMS)
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3-(Methacryloyloxy) propyltris(trimethylsiloxy) silane (MsT)

Tetraethyl orthotitanate (TBOT)
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Figure 10: Inhibition zone of samples against the bacteria (A) E. coli

and (B) S. aureus (neat PPy sample did not show any antibacterial
properties, while inhibition zone was detected in the case of
nanocomposite samples) (18).
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Figure 9: SEM images of (A) neat PPy and (B) PPy/TiO,

nanocomposite (10 wt %). TEM image of (C) PPy/TiO, core-shell
nanocomposite (10 wt %) (18).

! Scanning Electron Microscope (SEM)
2 Transmission Electron Microscopy (TEM)
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Figure 11: Schematic diagram of the formation of polyacrylate-coated silver nanoparticles by In situ miniemulsion polymerization (sample NS1) (19).
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Figure 12: Antibacterial activity of Acrylate-Nanosilver composites against (A) E. coli and (B) S. aureus. The samples used were (1) NS2, (2) NS1
and (c) reference latex A (19).
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Table 4: The ‘Zone of Inhibition” Samples Diameter Against S.
aureus and E. coli (19).

Bacterial Inhibition Inhibition Inhibition
Zone (A) Zone (NSl) Zone (NSZ)
Species

E. coli
S. aureus 0 10 12
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Figure 13: Schematic representation of the synthesis of hollow surface wrinkled nanoparticles by: (in situ emulsion polymerization + swelling of
nanocomposites by toluene/water emulsion + calcination at high temperature).
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Figure 14: The core phase monomers are polymerized (21).
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Figure 21: PFSA resin synthesis process (24).
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Figure 22: Preparation of CPFSA coatings with external cross-linking of PFSA resin (24).
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Figure 23: SEM and WCA images of (a) PA, (b) PFSA-1, (c) PFSA-3, and (d) PFSA-2 (24).
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Figure 26: Sample of artificial opal polymer film (26).
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Figure 27: Schematic diagram of formation mechanism of core-shell polymer nanocomposite particles (27).
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Figure 28: TEM Image of polymer encapsulated silica (Modified Nanosilica-Polyacrylate) (27).
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