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In these first two issues of the new open access Journal Macromol [1]—A Journal of Macromolecular Research—several interesting articles were accepted after a rigorous peer-review process, in which current topics in the field of Macromolecular Science are discussed. A few reviews have been published that show the importance that diverse families of polymeric materials have in a wide range of applications, and how structural variations can condition the macroscopic properties. In particular, polysiloxane-based polymers have been used in applications that range from food production to cosmetics and surfactants [2]. Due to the hydrophobic nature of the polysiloxane backbone and its cationic-anionic regions, ionomers and polyelectrolytes have been shown to exhibit antimicrobial and antifugal properties, working similarly to detergents with hydrophobic and hydrophilic regions. More recent applications of this polymeric family are in energy storage and conversion, since they have low glass transition temperatures that favor ion conductivity and are considered highly flexible. Future uses include fields that exploit their intrinsic tenability (backbone flexibility, hydrophobicity, charge content and type), such as shape memory, self-healing and adhesive films.



On the other hand, self-healing polymers have received significant attention in paint, coating, adhesives and other industries, as well as in academia, due to their ability to extend materials’ service life, enhancing protection, and guaranteeing sustainability. Noticeable progress has been recently attained in the preparation and properties of intrinsic self-healing materials, based on H-bonding interactions [3]. This interaction is highly versatile and advantageous for the manufacture of transparent self-healing coatings capable of undergoing multiple healing cycles within a moderate temperature range. Future work on self-healing polymers should focus on (a) improving mechanical properties, (b) fast self-healing performance at moderate temperature, (c) achieving macro-damage repair under severe weathering conditions, (d) incorporating self-healing properties into multifunctional materials, such as antibacterial, anticorrosion, and transparent coatings for optoelectronics and other applications.



Chitosan (CS), the second most abundant biopolymer in nature after cellulose, is a promising material due to its outstanding properties, such as biodegradability, biocompatibility, and antimicrobial action, as well as for its adsorption capacity, given that its cationic character enables its interaction with other molecules. The use of CS for the synthesis of adsorbent composites, due to its increased adsorption abilities, is a very hot topic nowadays [4]. The high adsorption capacities of CS derivatives are ascribed to the grafting process and cross-linking reactions in order to link unit chains (each with other) with macromolecular structures. The efficiency of the adsorption process depends on a large number of parameters, including the compound molecular weight, degree of dilution, functional groups, temperature, pH, etc. CS-based materials are very promising for the removal of a wide variety of pharmaceutical compounds (i.d. tetracycline, pramipexole, dorzolamide, diclofenac, furosemide, etc.) and personal care products (Ketoprofen, Ibuprofen, Benzoin acid, etc.) from aqueous solutions and, in the near future, are likely to be used for numerous adsorption applications.



Another hot topic is polyelectrolytes (PE), which are the focus of much interdisciplinary research. In the field of polymer science and soft matter, they provided the dimensions of electrostatic interactions, which opens up a huge variety of opportunities for new physical properties and applications [5,6]. PE shows a comprehensive range of structures that stretch from simple hydrophilic homopolyelectrolytes to proteins with a pH-dependent charge patch and hydropathic heterogeneity. Such variety enables the development of multifunctional nanostructures with wonderful possibilities for biomedical applications, in particular, in pharmaceutical science, drug delivery and tissue engineering.



The other current topic is in the field of polymer nanocomposites. In this regard, a lot of articles in the last decade have been devoted to polymeric nanocomposites incorporating nanoscale fillers [7]. One of the most important is carbon nanomaterials, such as carbon nanotubes (CNTs), which possess a large aspect ratio, low mass density, and unique chemical, physical, and electronic properties that provide exciting possibilities for nanoscale applications. However, two matters should be considered when dealing with this type of nanomaterial: their strong agglomerating tendency and the metallic impurities and carbonaceous fragments that go along with the CNTs. The successful utilization of CNTs in a wide variety of applications, in particular, in the field of polymer composites, is based on their uniform dispersion and the development of a strong chemical interaction with the polymeric matrix [8,9]. To achieve these aims, different approaches to CNT modification using polymers have been reported, including the covalent functionalization via “grafting to” or “grafting from” strategies. The resulting polymer-grafted CNTs have applications as biosensors, membranes, energy storage substances, and EMI shielding.



Polyethylene oxide (PEO) hydrogels are biocompatible materials, widely used in wound healing, drug delivery, and tissue engineering [10]. PEO can be combined with other polymers to create multifunctional systems, such as using heparin–peptide interactions for the formation of bioactive noncovalent networks and carboxymethyl cellulose to create hydrogel films with potential in tissue engineering [11]. Adaptable crosslinking procedures are very important for the development of novel multifunctional platforms for the loading and release of biomacromolecules. In this regard, crosslinking with peroxides provides the possibility of reaction in the melt state, and has been successfully used to synthesize soft hydrogels which enable the controlled release of proteins such as serum albumin (BSA) and lysozyme (LYZ) [12].



Poly(L-lactic acid) (PLLA) is a biobased aliphatic polyester, which possesses excellent thermomechanical properties, and has great potential in packaging, biomedical, agriculture, automotive, textiles, electronics, construction, and single used items [13]. To improve on its properties, blending with other polymers or the incorporation of nanofillers is pursued [14]. To achieve effective antimicrobial activity for smart packaging applications, micro/nano 3D micropillars decorated with cone- and needle-shaped nanostructures were implemented on the surface of PLLA/SiO2 nanocomposite films by means of thermal nanoimprint lithography, a novel and feasible fabrication technique with multiple industrial applications [15].



Poly(ethylene succinate) (PES) is another biodegradable aliphatic polyester, showing similar physical properties to those of polyethylene and polypropylene [16]. Many researchers have investigated the properties of PES, including crystal structure, crystallization, morphology, melting behavior, and enzymatic degradation. To meet various practical application requirements, some PES-based copolymers were further designed and synthesized. In this regard, PES-based composites incorporating cyanuric acid (CA), one of the most efficient nucleating agents for some biodegradable polyesters, were prepared via solution casting method [17], and its crystallization rate was noticeably enhanced, which is interesting from the perspective of polymer processing.



Another special type of polymer, known as covalent organic frameworks (COFs), has recently drawn great attention. COFs are crystalline porous polymer frameworks with well-defined, high-order structures, attributed to the “self-templated” polymerization, in which the initial molecular structure provides specific sites to guide the subsequent monomers into place, allowing the polymer chain to extend over a 3D frame with an aligned arrangement [18]. COFs possess numerous advantages including a large surface area, high porosity, tunable composition, and designable dimension of molecular skeleton and pores. To synthesize COFs, the building blocks, mainly the monomers with π-backbones and rigid conformations, are connected through boronate-ester, imine, C=C, and other linkages under mild conditions, resulting in a facile method of preparing COFs as precursors for porous carbon production [19].



Recently, vegetable oils have been used as precursors for polymeric materials. They are aliphatic in nature, with significant chain flexibility, providing a generally soft and not very strong material, even at a relatively high crosslinking density. The epoxidation of oils and fatty acids has been studied, with the aim of using them in practical applications, including tissue engineering [20], antimicrobial coatings [21] and wound healing [22]. Vegetable oils, complexed with cyclodextrins, can be regarded as a novel therapeutic option in treatments involving painful processes and in the development of new antinociceptive agents, due to an improved bioavailability associated with solubility, dissolution, and permeability, as well as the reduction in doses and the side effects [23]. On the other hand, hyperbranched, low-molecular-weight polyethylene oils were synthesized using Ni(II) complexes bearing aryliminopyridine ligands, and it was found that the degree of branching and the molecular weight of the produced samples were hardly sensitive to the reaction conditions [24].
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