Maria C Rocha 
  
Michel Wong 
  
Chi Man 
  
Maria Do Carmo 
  
A J Mainardi 
  
Ubirajara Pereira 
email: ubirajara@usp.br
  
Florian Günther 
  
Kelen Elton F S Lima 
  
M F Rossi De Aguiar 
  
Jefferson R Bearzi 
  
Mateus B Simões 
  
Kelen M F Rossi De Aguiar 
  
Ricardo Schneider 
  
Rafael A Bini 
  
Sidney J L Ribeiro 
  
Klaus Rischka 
  
Flávio H B Aguiar 
  
Renata Pereira 
  
Marina C Rocha 
  
Iran Malavazi 
  
Tânia A Passeti 
  
Marcio L Santos 
  
Hidetake Imasato 
  
Ubirajara Pereira Rodrigues-Filho 
  
Marina C Rocha 
  
Márcio L Santos 
  
PDMS-urethanesil hybrid multifunctional materials: combining CO2 use and sol-gel processing

Keywords: Non-isocyanate polyurethanes, inorganic-organic hybrid, polydimethylsiloxane, biomedical coatings, photonic, anticorrosion

  L'archive ouverte pluridisciplinaire

Graphical abstract

Highlights

• Combining CO2 use and Sol-Gel processing yields versatile PDMS-Urethanesils with tunable properties • Key approach: combine non-isocyanate PU with silica and PDMS through aminolysis of cyclocarbonate • Morphology control using inorganic acid as catalyst for sol-gel process

• Inorganic loading defines the application, e.g. as anti-corrosion coating or as white light emitter • Novel finding with new applications, e.g. antimicrobial activity against pathogenic microorganisms

Introduction

Polyurethanes (PUs) are considered as a special group of polymeric materials having many different applications and are present in our everyday life, for instance as material in furniture, cars, clothing, shoes, elastomers, coatings, wall and roofing insulation, and many others [START_REF] Sharmin | Polyurethane: An Introduction[END_REF][START_REF] Cornille | A perspective approach to sustainable routes for nonisocyanate polyurethanes[END_REF][START_REF] Akindoyo | Polyurethane types, synthesis and applications -a review[END_REF][START_REF] Biesmans | The Global Polyurethane Market[END_REF]. Two main aspects drive the development of novel PU materials. First, new types of functionalities are desired to improve the performance of PUs in their existing fields of application or to open up new uses.

Second, novel synthetic strategies are of interest to the PU industry in order to enhance sustainability. For example, combining PUs and silica leads to hybrid materials with high performance, so-called urethanesils [START_REF] Sanchez | Chimie douce": A land of opportunities for the designed construction of functional inorganic and hybrid organic-inorganic nanomaterials[END_REF]. This second aspect is also particularly important, since the conventional fabrication routes require the use of isocyanate functional groups. The international community, however, has emerged with concerns about the toxic effects of isocyanate exposure to humans.

These include skin irritations, chest tightness, and difficulty in breathing, besides being a potential human carcinogenic compound [START_REF] Bello | Skin Exposure to Isocyanates: Reasons for Concern[END_REF]. To avoid the impact of isocyanates in the synthesis of PUs, research on non-isocyanate polyurethanes (NIPUs) are of great interest for both academic and industrial sectors [START_REF] Kathalewar | Non-isocyanate polyurethanes: from chemistry to applications[END_REF][START_REF] Blattmann | Isocyanate-and Phosgene-Free Routes to Polyfunctional Cyclic Carbonates and Green Polyurethanes by Fixation of Carbon Dioxide[END_REF][START_REF] Maisonneuve | Isocyanate-Free Routes to Polyurethanes and Poly(hydroxy Urethane)s[END_REF][START_REF] Bossion | Non-Isocyanate Polyurethane Soft Nanoparticles Obtained by Surfactant-Assisted Interfacial Polymerization[END_REF].

Among many approaches, the aminolysis of cyclocarbonates (CCs) is one of the most practical strategies for three main reasons in addition to the isocyanate-free aspect:

firstly, it allows synthesizing NIPUs at mild reaction conditions without the emergence of by-products, secondly, the CC precursor can be obtained via insertion of Carbon dioxide (CO2) to epoxides, and finally, hydroxyl groups next to the urethane bond are formed. The latter two aspects are particularly important. On the one hand, it is essential to use CO2 as raw material to produce valuable and marketcompeting products to reduce the total emission to the atmosphere and to face global warming [START_REF] Rockström | The world's biggest gamble[END_REF][START_REF] Aresta | Carbon Dioxide as Chemical Feedstock[END_REF][13]. On the other hand, the additional hydroxyl groups of hydroxyurethanes (NIPUs) have a great impact on microphase separation through intra-and intermolecular hydrogen bonding to nitrogen or oxygen atoms on different segments [START_REF] Beniah | Tuning nanophase separation behavior in segmented polyhydroxyurethane via judicious choice of soft segment[END_REF][START_REF] Beniah | Functionalization of hydroxyl groups in segmented polyhydroxyurethane eliminates nanophase separation[END_REF][START_REF] Pan | High-performance segmented polyurea by transesterification of diphenyl carbonates with aliphatic diamines[END_REF]. Also, it provides better hydrolysis resistance being moisture insensitive [START_REF] Kathalewar | Non-isocyanate polyurethanes: from chemistry to applications[END_REF] compared to conventional polyurethane system. Thus, simple NIPU polymers have inferior mechanical and physical characteristics in comparison to conventional PUs. This raised interests in developing hybrid compositions of NIPUs by subsequent cross-linking with chain extenders or polyfunctional reactants such as aminosilanes, polyamines, and polycyclocarbonates [START_REF] Figovsky | NON-ISOCYANATE POLYURETHANES -YESTERDAY, TODAY AND TOMORROW[END_REF][START_REF] Figovsky | Advanced Polymer Concretes and Compounds[END_REF][START_REF] Figovsky | Progress in Elaboration of Nonisocyanate Polyurethanes Based on Cyclic Carbonates[END_REF]. One of such compounds is poly(dimethylsiloxane) (PDMS), which is classified as a silicone and can be used to build different types of devices including implants, microfluidic devices, microchips, water repellents, membrane for gas permeability, lithography, antifouling coating for marine environment and many others [START_REF] Pilch-Pitera | Polyurethane powder coatings containing polysiloxane[END_REF][START_REF] Henderson | Structural Chemistry of Silicates; Structure, Bonding and Classification[END_REF][START_REF] Willerth | Engineering Neural Tissue from Stem Cells[END_REF][START_REF] Liu | Development of Antifouling Coating Using in Marine Environment[END_REF]. Over the past years, our research network worked on the synthesis of hybrid NIPUs from PDMS-based bis(cyclocarbonate) with (3aminopropyl)triethoxysilane (APTES) as chain coupling agent [START_REF] Aguiar | Efficient green synthesis of bis(cyclic carbonate) poly(dimethylsiloxane) derivative using CO2 addition: a novel precursor for synthesis of urethanes[END_REF] leading to the formation of different materials with potential applications as protective and antimicrobial coatings [START_REF] Rossi De Aguiar | Hybrid films based on nonisocyanate polyurethanes with antimicrobial activity[END_REF] or photonics [START_REF] Simões | Eco-friendly polydimethylsiloxane-based selfsupporting film containing europium-polyoxometalate: A flexible luminescent material for white light generation[END_REF].

In this article, some important research (HPW) loaded [START_REF] Rossi De Aguiar | Urethanes PDMS-based: Functional hybrid coatings for metallic dental implants[END_REF][START_REF] Rossi De Aguiar | Surface modification by physical treatments on biomedical grade metals to improve adhesion for bonding hybrid non-isocyanate urethanes[END_REF][START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF][START_REF] De Aguiar | Biomimetic PDMShydroxyurethane terminated with catecholic moieties for chemical grafting on transition metal oxidebased surfaces[END_REF], or Eu 3+ loaded urethanesils [START_REF] Simões | Eco-friendly polydimethylsiloxane-based selfsupporting film containing europium-polyoxometalate: A flexible luminescent material for white light generation[END_REF]. Aiming at enlarging the area of applications of PDMS-based NIPUs, new, phosphoric acid loaded materials are currently of our interest [START_REF] Lima Ef De | Effect of hydroxyapatite nanoparticles silanization on the preparation of nanocomposites of Hydroxyurethane polydimethylsiloxane with hydroxyapatite[END_REF]. For those, we found antibacterial and antifungal activities, which are communicated here for the first time.

Synthesis of Polyurethanes

Traditional Route

The conventional route to synthesize PU materials goes back to 1937, when the German Chemist Otto Bayer and his coworkers established the production of PU by polyaddition of diisocyanate and polyol [START_REF] Akindoyo | Polyurethane types, synthesis and applications -a review[END_REF][START_REF] Bayer | Das Di-Isocyanat-Polyadditionsverfahren (Polyurethane)[END_REF]. As depicted in Figure 1, most PU materials consist of two building blocks: a rigid and a soft segment, which are linked via a urethane bond. Up to now, most PUs crosslinking agent [START_REF] Boiteux | Synthesis and properties of polyurethanes based on polyolefin: 3. Monitoring of phase separation by dielectric relaxation spectroscopy of segmented semicrystalline polyurethane prepared in bulk by the use of emulsifiers[END_REF]. Many biomedical applications [START_REF] Boiteux | Synthesis and properties of polyurethanes based on polyolefin: 3. Monitoring of phase separation by dielectric relaxation spectroscopy of segmented semicrystalline polyurethane prepared in bulk by the use of emulsifiers[END_REF][START_REF] Urbano | Cholesterol Embolism Evaluated by Polarized Light Microscopy after Primary Renal Artery Stent Placement with Filter Protection[END_REF] such as spinal devices [START_REF] St | The use of polyurethane materials in the surgery of the spine: a review[END_REF], scaffold for tissue regeneration [START_REF] Usman | Chitin and chitosan based polyurethanes: A review of recent advances and prospective biomedical applications[END_REF],

osteochondral implant [START_REF] Korthagen | A shortterm evaluation of a thermoplastic polyurethane implant for osteochondral defect repair in an equine model[END_REF], breast reconstruction [START_REF] De Vita | Breast Reconstruction Actualized in Nipple-sparing Mastectomy and Direct-to-implant, Prepectoral Polyurethane Positioning: Early Experience and Preliminary Results[END_REF], and so on, have been which can negatively impact their future applications [START_REF] Ghasemlou | Bio-based routes to synthesize cyclic carbonates and polyamines precursors of nonisocyanate polyurethanes: A review[END_REF][START_REF] Tersac | Chemistry and technology of polyols for polyurethanes. Milhail Ionescu[END_REF].

Sol-gel chemistry towards hybrid PUs

While most of the traditional PUs belong to the class of organic materials, in the past years there has been a growing interest in PU materials containing silica or silicone additives or both [START_REF] Zia | Synthesis and molecular characterization of chitosan based polyurethane elastomers using aromatic diisocyanate[END_REF][START_REF] Engels | Polyurethanes: Versatile Materials and Sustainable Problem Solvers for Today's Challenges[END_REF]. Compared to polymers with carbon backbones, the presence of siloxane results in increased thermal stability, higher mechanical strength, and chemical resistance [START_REF] Urbano | Cholesterol Embolism Evaluated by Polarized Light Microscopy after Primary Renal Artery Stent Placement with Filter Protection[END_REF][START_REF] St | The use of polyurethane materials in the surgery of the spine: a review[END_REF].

This high stability is mainly due to high Si-O bond dissociation energy [START_REF] Cypryk | Mechanism of the Acid-Catalyzed Si-O Bond Cleavage in Siloxanes and Siloxanols. A Theoretical Study[END_REF] the reason of which as well as of the unusual large bond angles was recently assigned to hyper-conjugative interactions of LP(O)→σ*(Si-R) type [START_REF] Fugel | Covalency and Ionicity Do Not Oppose Each Other-Relationship Between Si-O Bond Character and Basicity of Siloxanes[END_REF][START_REF] Weinhold | The Nature of the Silicon-Oxygen Bond[END_REF] although this issue is debatable [START_REF] Gillespie | Study of Bond Angles and Bond Lengths in Disiloxane and Related Molecules in Terms of the Topology of the Electron Density and Its Laplacian[END_REF].

The combination of organic and inorganic materials entangled on a molecular level yields products which are typically referred to as hybrid materials [START_REF] Kickelbick | Hybrid Materials[END_REF]. 

Non-isocyanate polyurethanes

Over the past years, different processes for producing non-isocyanate polyurethane (NIPU) have been investigated which can majorly be grouped into four approaches [START_REF] Cornille | A perspective approach to sustainable routes for nonisocyanate polyurethanes[END_REF] where the polyaddition is the most attractive method from an environmentaland health-friendly point of view [START_REF] Kreye | Sustainable routes to polyurethane precursors[END_REF][START_REF] Joshi | Polyurethane nanocomposite based gas barrier films, membranes and coatings: A review on synthesis, characterization and potential applications[END_REF][START_REF] Błażek | Renewable natural resources as green alternative substrates to obtain biobased non-isocyanate polyurethanes-review[END_REF][START_REF] Ghasemlou | Synthesis of green hybrid materials using starch and non-isocyanate polyurethanes[END_REF][START_REF] Suryawanshi | Advances in the synthesis of non-isocyanate polyurethanes[END_REF][START_REF] Datta | Progress in non-isocyanate polyurethanes synthesized from cyclic carbonate intermediates and di-or polyamines in the context of structure-properties relationship and from an environmental point of view[END_REF].

In this approach, cyclocarbonates react with amino groups through a ring-opening process as shown in Figure 3. This aminolysis of cyclocarbonates was reported for the first time more than 50 years ago as a US patent by Groszos et al. complexes used as catalyst, however, has the potential to allow this process to be performed at or near room temperature and pressure [START_REF] North | Synthesis of cyclic carbonates from epoxides and CO2[END_REF].

In summary, the ever-growing literature illustrates the wide range of properties achieved by these eco-friendly PUs. In the next section, we will address the class of PDMS-based NIPUs and their combination to silicates, i.e. PDMS-urethanesil, as well as their properties.

Non-isocyanate PDMS-Urethanesils

PDMS based NIPU materials

The consideration of the ring-opening polymerization as reviewed in section 2. and chain terminator groups, respectively, and a high conversion of CCPDMS to PDMSUr was found. In a more recent work [START_REF] Günther | Experimental and theoretical assessment of the aminolysis of cyclo carbonate to form polyhydroxyurethanes[END_REF], we tested further diamine compounds as novel potential chain extensors including aromatic and aliphatic amines (Figure 4). We observed that aromatic amines do not react in our experimental conditions, which is due to the positive mesomeric effect of the amine attached to an aromatic system. In opposition, all tested aliphatic amines showed a high conversion towards

PDMSUr. Furthermore, we recently reported dopamine as promising chain

terminator group [START_REF] De Aguiar | Biomimetic PDMShydroxyurethane terminated with catecholic moieties for chemical grafting on transition metal oxidebased surfaces[END_REF], which distinguishes itself from PEA via the catechol group. This 

PDMS-Urethanesils

Nanocomposite silica-and silicone-based materials produced by using organoalkoxysilanes leads to so-called Organic Modified Silicates (ORMOSILs) which can be considered as a sub-group of hybrid materials [START_REF] Sanchez | Chimie douce": A land of opportunities for the designed construction of functional inorganic and hybrid organic-inorganic nanomaterials[END_REF][START_REF] Lana | X-Ray Diffraction Studies of Sol-Gel Derived ORMOSILs Based on Combinations of Tetramethoxysilane and Trimethoxysilane[END_REF][START_REF] Moreno | Role of the Comonomer GLYMO in ORMOSILs As Reflected by Nile Red Spectroscopy[END_REF][START_REF] Brennan | Fluorescence and NMR Characterization and Biomolecule Entrapment Studies of Sol-Gel-Derived Organic-Inorganic Composite Materials Formed by Sonication of Precursors[END_REF][START_REF] Ferreira-Neto | Zn2+ doped ormosilphosphotungstate hybrid films with enhanced photochromic response[END_REF][START_REF] Frenkel-Mullerad | Preserving the activity of enzymes under harsh oxidizing conditions: Sol-gel entrapped alkaline phosphatase exposed to bromine[END_REF]. PDMS-Ormosils are especially of interest due to the possibility to tune the mechanical features [START_REF] Cuéllar-Franca | Carbon capture, storage and utilisation technologies: A critical analysis and comparison of their life cycle environmental impacts[END_REF], the optical [START_REF] Rubio | Effect of TiO2 on the pore structure of SiO2-PDMS ormosils[END_REF] properties, and the surface energy, the permeability, as well as the biocompatibility and the bioactivity [START_REF] Almeida | PDMS-SiO2-TiO2-CaO hybrid materialsand nanoscale surface features[END_REF]. 

PDMS-

Inorganic Acids as sol-gel Catalyst and PDMSUr additive

Among the different combinations of chain extensors and chain terminators, IPDA and APTES (Figure 4) yield, so far, the best performing PDMSUr materials and have therefore been investigated more deeply in the past years. In particular, the hydrolysis rate of APTES towards urethanesil, which can be boosted by adding an inorganic acid such as phosphotungstic acid (HPW) [START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF] or H3PO4 [START_REF] Lima Ef De | Effect of hydroxyapatite nanoparticles silanization on the preparation of nanocomposites of Hydroxyurethane polydimethylsiloxane with hydroxyapatite[END_REF], was considered more deeply. Besides the catalytic effect, the acid contributes to further tunable properties of the material, which leads to potential applications, as it will be discussed in Section 4.

In our studies, on the one hand, the ratio of the precursors CCPDMS, APTES, and 8d). Subfigures c) and d) were reproduced from [START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF] by permission of The Royal Society of Chemistry [START_REF] Aguiar Kmfr De | Síntese de hidroxiuretana-poli (dimetilsiloxano) com diferentes terminações de cadeia via fixação de CO2: síntese, caracterizações e potenciais aplicações[END_REF].

IPDA
appearance and, even more, in morphology between the phosphotungstic acid and phosphoric acid urethanesils lack of explanation. Possible reasons might be differences in solubility, hydrogen bonding, electrostatic interaction [START_REF] Ferreira-Neto | Surface structure and reactivity study of phosphotungstic acid-nitrogenated ormosils[END_REF][START_REF] Souza | Self-assembled hybrid films of phosphotungstic acid and aminoalkoxysilanes on SiO2/Si surfaces[END_REF],

ion-pairing [START_REF] Leroy | Keggin Polyoxoanions in Aqueous Solution: Ion Pairing and Its Effect on Dynamic Properties by Molecular Dynamics Simulations[END_REF], or kosmothropic or chaotropic capacities [START_REF] Marcus | Effect of Ions on the Structure of Water: Structure Making and Breaking[END_REF][100][101].

Application

So far, we reviewed the strategies to The adhesion [START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF] properties of the obtained materials were investigated following three approaches to prepare the metal alloy surfaces before deposition of the polymeric films: no treatment, Nd:YAG pulsed laser treatment, oxygen plasma treatment [START_REF] Rossi De Aguiar | Surface modification by physical treatments on biomedical grade metals to improve adhesion for bonding hybrid non-isocyanate urethanes[END_REF]. In doing so, it was found that both physical treatments contributed µAcm -2 were measured, while 22.9 nAcm -2 and 0.295 µAcm -2 were obtained for the samples coated with PDMSUr1:HWP (35wt%) and PDMSUr2:HWP (35wt%), respectively [START_REF] Rossi De Aguiar | Surface modification by physical treatments on biomedical grade metals to improve adhesion for bonding hybrid non-isocyanate urethanes[END_REF]. Due to the different area of usage, the anticorrosion properties of the SS307 samples were tested in different media: seawater as well as in basic and acid media. As depicted in Figure 9b-d), the acid loaded coating shifted the corrosion potential significantly and lowered the current density by up to two orders of magnitude [START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF]. Although the acid-free coating yielded similar corrosion potentials as the uncoated SS307 sample, the current density was reduced by about a factor of 10. One possible explanation for this observation is that the polymeric layer suppresses the diffusion of charged species such as protons, dissolved oxygen and even water from medium to metallic surface. Altogether, it can be concluded that the anticorrosion protection is not only due to the urethanesil coating, but there is a synergistic effect between the HPW and the PDMSUr material.

Antibacterial membranes and coatings

Chronic wounds associated with persistent pathologies or medical comorbidities can take up to 8 months to fully healing. Thus, This highlights the contribution of the hybrid material toward this photonic behaviour.

antimicrobial

Conclusions

In this review, we presented hybrid urethanesils obtained by using sol-gel approach and carbon dioxide fixation as a substitute for isocyanate in the traditional route to produce polyurethanes. Using CO2 makes the synthesis strategy a possible contribution to negative emission approaches and is therefore, a contribution to a more environmentalfriendly future. The synthesis methods, Thus, the PDMSUr hybrid technology has still a long way to go.

  studies related to PUs and NIPUs are explored. It is structured as follows. In section 2, the synthetic strategies are summarized: first the conventional approach to form PU, second the sol-gel process to obtain urethanesils, and third the aminolysis of CC to form NIPUs. A stronger focus is given to the last point consisting of the CO2 fixation to epoxy groups and the aminolysis of CC as they are essential key reactions for our studies. Subsequently, section 3 is focussed on PDMS-and silica-based NIPUs; particularly those derived from APTES, are gathered up and the impact of inorganic acids as catalyst in the sol-gel process on the morphology of the obtained material is considered. In section 4, potential applications of PDMS-based urethanesils are detailed reviewed covering the areas of protective coatings, photonics, and antibacterial membranes. The first two of these applications have been reported in literature over the last years and were based on pristine, phosphotungstic acid

Figure 1

 1 Figure 1 Molecular structure of a thermoplastic polyurethane elastomer.

  documented based on the fine tuning of the soft and hard segments. Moreover, the progress in processes, additives, and techniques has allowed infinity of formulations that contributed to increase the number of applications for PU materials that continue instigating the growing global market [39]. Isocyanate precursors, however, are very harmful at each stage of the life cycle of the polyurethane. Sustainable routes to obtain PUs can circumvent environmental and human health drawbacks of this material

Figure 2

 2 Figure 2 The scheme of aliphatic polyurethane-silica composite preparation using prepolymerization technique. Figure taken from [52].

[ 65 ]Figure 3

 653 Figure 3 a) Aminolysis of cyclocarbonate to form hydroxyurethanes and b) Generic NIPU route from a bis-cyclocarbonate and a diamine.

Figure 4

 4 Figure 4 Diamines and amines considered as chain extensors and chain terminator, respectively.

  functionalization allows a chemical bonding to metal-oxide layers yielding high resistance against mechanical and chemical forces due to covalent metaloxide interfacial bond [79-81]. Besides our work, other groups use similar approaches to synthesize novel PU materials and look for potential applications. For instance, a series of novel cyclocarbonate-functionalized PDMS compounds were successfully developed by Liu et al. In their work, materials with different carbonate content were reacted with various diamines such as IPDA, 4,4′to form NIPU coatings [82]. Thermal and mechanical properties were evaluated and the results showed that cycloaliphatic amine-cured coatings have higher tensile strength compared to the aliphatic aminecured coatings. Furthermore, with the increase of the carbonate content, the tensile strength, Young's modulus and glass transition temperature of the coatings have been increased.

  Ormosils have found applications in biosensors or as matrix materials for functionalized coating such as UVprotection, Ion-exchange, or metal corrosion protection. For example, Doro et al. [91] studied coatings made by the reaction of ormosils prepared from tetraethoxysilane (TEOS) and PDMS. The obtained coatings showed microphase separation and low surface energy due to the hydrophobic feature of the organosilane chemical structure. Furthermore, no alteration of cellular viability has been noted upon exposure to cytotoxicity assays. Additionally, no biofunctional change was observed throughout the migration assays for cells with the PDMS and TEOS coatings. Therefore, it was concluded that these coatings were suitable for biomaterials in cardiovascular environment and other potential health applications such as incorporating bioactive species in order to prepare drug-eluting stents. Using reactive aminoalkoxysilanes, the aminolysis reaction can be used to combine PUs with silica and form so-called urethanesils [92]. In doing so, improved mechanical and thermal properties can be induced to NIPU materials. Aminoalkoxysilanes, like APTES can concomitantly tune the urethane chain length and create covalently bonded organosilica domains within the material. The polysilsesquioxane network is formed alongside solvent evaporation as a result of the polycondensation reactions involving the silanol groups which results in an improvement of the properties of the pure PU [93]. A vivid proof of the organosilicate network is the T peak found at around -68ppm in the solid state Magic Angle Spinning (MAS) 29 Si Nuclear Magnetic Resonance (NMR) spectroscopy as exemplified for the PDMSUr1 and PDMSUr2 materials in Figure 5. The specific material compositions are given in Table 1. This T-peak refers to R-Si-(OSi)3 bonds formed during the hydrolysis of APTES whereas the M-and D-peaks at 7.7 ppm and -22.3 ppm belong to R3-Si-(OSi) and R2-Si-(OSi)2 substructures, respectively, that majorly arise from the PDMS chain. An approach towards similar materials as our PDMSUr was carried out and reported by Wu et al. who synthesized a hybrid waterborne PDMS silica hybrid via a twostep approach [94]. First, an amino-PDMS emulsion (DN 100) was prepared by aqueous sol-gel reaction of diethoxydimethylsilane (DEDMS) and APTES. Then, a Janus PU pre-polymer was prepared by reaction of Dibutyltin dilaurate (DBTDL), polypropylene glycol, 2, 2-Dimethylol propionic acid (DMPA), and

Figure 5 29

 5 Figure 529 Si MAS NMR of the PDMSUr1 and PDMSUr2 materials. The peaks which correspond to structures M, D and T structures are observed at their typical chemical shifts. Redrawn from Ref.[START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF] 
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 66 Figure 6. So far, no explanation is given

Figure 7 1 W 71 . 9

 71719 Figure 7 Images of the different phosphoric acid hydroxyurethanes obtained using different CCPDMSAPTES:IPDA molar ratios. The molar ratio for each material is shown in the lower side of each image.

Figure 8

 8 Figure 8 SEM images of the cross-section of the acid free (a) and phosphoric acid loaded (b) PDMSUr3 materials in comparison to the 35wt% (c) and 55 w% HPW loaded (d) PDMSUr1. Subfigures c) and d) were reproduced from[START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF] by permission of The Royal Society of Chemistry[START_REF] Aguiar Kmfr De | Síntese de hidroxiuretana-poli (dimetilsiloxano) com diferentes terminações de cadeia via fixação de CO2: síntese, caracterizações e potenciais aplicações[END_REF].

  synthesize PU and NIPU materials in general, as well as in combination with silicas to form urethanesils from sol-gel approach. Moreover, we showed exemplarily how inorganic acids yield different structural features of the obtained materials. In the following, we now focus on some already published and some recently obtained data, which indicate these PDMS-Applying special coatings opens the possibility to functionalize materials in order to improve or modify the surface properties. Such coating can either protect the material against the environmental conditions in which they have to operate, or they can introduce new functionalities to the material, which may enable new applications. Among others, metal surfaces are of particular importance, due to their widespread use in constructions, transportation and logistics, vehicles, food industry, etc. While in transportation and logistics, special challenges are related to marine environment, chemical industry processing, such as biodiesel production for example [102], is performed using homogenous basic or acid catalysis [103, 104]. Metal alloy corrosion is even more relevant for biomedical applications. For instance, not only copper, nickel and magnesium suffer from corrosion when constantly exposed to biological fluids, but also stainless steel and titanium alloys. As a consequence, ion release is promoted to biological fluids [105-107]. To overcome this challenge, relevant coatings can isolate the underlying metal from the corrosive media and hence lower oxidation and associated device failures. PU materials are often used as protective coatings not only due to their outstanding shelf-life, their fast application abilities, their strong adhesion, and their nearly unlimited film building properties, but also particularly because of their resistance against chemical environments, abrasion, and corrosion [108, 109]. However, some caveats still remain to be overcome such as the UV resistance under wet environment or saline conditions for PU coatings [110]. Recently, our group proposed hybrid polymeric coatings made of nonisocyanate PDMSUr as a novel and promising alternative [29]. In our studies, PDMSUr materials, which were synthesized from CCPDMS and different proportions of IPDA and APTES, were investigated as implant coatings for the titanium alloy Ti6Al4V as well as the stainless steel SS307, an austenitic chromium-nickel stainless class. In addition to the pristine PDMSUr materials, coatings were tested to which HPW was added in different amounts. Due to its high acidity [111], HPW promotes the sol-gel process of hydrolysis and condensation of APTES, thus producing a stronger solid PDMSUr.

Figure 9

 9 Figure 9 Polarization curve for bare Ti6Al4V, coated with PDMSUr1:HPW (35wt%) and PDMSUr2:HPW(35wt%) in Hanks physiological solution[START_REF] Rossi De Aguiar | Surface modification by physical treatments on biomedical grade metals to improve adhesion for bonding hybrid non-isocyanate urethanes[END_REF][28] (a) and for bare stainless steel SS307, coated with acid free and HPW loaded PDMSUr1 in seawater, basic, and acid media[START_REF] De Aguiar | Hybrid urethanesil coatings for inorganic surfaces produced by isocyanatefree and sol-gel routes: Synthesis and characterization[END_REF]. All potentials (V) are referenced to saturated calomel electrode. Reproduced by permission of The Royal Society of Chemistry.

  Photoelectron Spectroscopy. It can be assumed that the higher the amount of HPW, the higher is the percentage of protonated nitrogen species. The antibacterial capacity of PDMSUr may then arise from the electrostatic interaction between the positive charges of hybrid hydroxyurethane and the negative portions of the bacteria cell wall. On the other hand, the roughness of the PDMSUr:HPW films presented a Ra parameter near 0.077 µm up to 0.150 µm while for the uncoated substrates the corresponding values were higher than

4. 3

 3 photoluminescent (PL) chromophore. The PL profile and quantum yields can be tuned by properly choosing the linker between

Figure 11

 11 Figure 11 Cytotoxicty of PDMSUr materials in comparison with the positive (PC) and negative (NC) controls. a Data taken from Ref.[START_REF] Rossi De Aguiar | Urethanes PDMS-based: Functional hybrid coatings for metallic dental implants[END_REF] 

Figure 12

 12 Figure 12 Calculated colour coordinates for the PDMSUr:EuPOM in the CIE 1931 colour diagram. Inset: digital photograph of the film under UV exposure, showing the white light generation. Figure was taken from Ref. [26].

  

  

  

  

Table 1 Molar

 1 

	Name	CCPDMS 1182 g/mol	APTES 221 g/mol	IPDA 170 g/mol	type	inorganic acid wt% amount	Refs.
					-	-	-	[29]
	PDMSUr1	1 mmol	3 mmol	-	HPW	1	> 0.01 mmol	[27, 28]
					HPW	35	0.22 mmol	[27-29]
					HPW	55	0.35 mmol	[29]
					-	-	-	[29]
	PDMSUr2	1 mmol	2.25 mmol 0.75 mmol	HPW	1	> 0.01 mmol	[27, 28]
					HPW	35	0.22 mmol	[27-29]
					-	-	-	-
	PDMSUr3	1 mmol	0.5 mmol 0.75 mmol	H 3 PO 4	1	0.14 mmol	-

ratios of the precursors used to obtain the PDMSUr materials with different amount of inorganic acid.
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semi-quantitative analysis for agglomerates found in PDMSUr1:HPW (55wt%). The presented areas refer to the marked regions in Figure
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	30%, the urethanesil materials with both			
	HPW, as reported in Ref. [27], and H3PO4			
	presented here present no cytotoxic effect			
	after 24 h of extraction. Nonetheless,			
	further tests are required to evaluate the			
	cytotoxicity effects of PDMSur:H3PO4 after			
	extended extraction time.			
			and associated methodology
	in	the	Electronic	Supplementary
	Materials). As a first trail to explain the
	biocidal effect of PDMSUr:H 3 PO 4 , we
	investigated the time dependent pH value
	of the culture medium as well as of purified
	water films, which were in contact with the
	hybrid membrane. Table S3 shows that in
	contrast to other cases that we studied
	before [116], no acidulation was observed.
	More details are presented in the Section 2
	of the Electronic Supplementary Materials.
	For applicability in medical devices, the
	compatibility to human cells must be
	considered. For this reason, the PDMSUr
	materials	were	assessed	for
	biocompatibility with osteoblast and
	fibroblast cells via WST-1 methodology.
	The cell viabilities results are shown in
	Figure 11. According to the specifications
	of the ISO 10993-5 standard (see also
	Section 3 in the Electronic Supplementary
	Materials for method details), which
	considers a material toxic when the
	reduction of the viable cells is more than
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