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Functionalized nanofibers made by electrospinning technique are one respectable option for 
metal removal and purification from aqueous solutions. Due to the simple and versatile process 
resulting in high porosity and high specific surface area structure with high selectivity properties, 
functionalized nanofibers have been gaining increased interest during recent decades [1]. In the case 
when high selectivity is needed, chelating ligand functionalized nanofibers are good option for the 
removal of heavy metals and rare earth elements (REEs) from aqueous solutions [2–3]. Chelating 
ligands act as electron donors and form coordinative bonds to a metal cation called the central atom, 
and, in this way, can increased significantly selectivity. 

In our study, we have synthesized polyacrylonitrile (PAN) nanofibers with 2-(2’-
pyridyl)imidazole (pim) and 2-pyridine amidoxime (PyAMi) ligands for nickel and lead removal, 
respectively. Furthermore, we have also synthesized polystyrene (PS) and polyethylene terephthalate 
(PET) nanofibers with diglycolic anhydride ligand (DGA) and studied them for removal of the rare 
earth elements (REEs) Ce3+ and Nd3+ from aqueous solutions. All synthesized nanofibers were 
characterized for FTIR and BET specific surface areas, pore volumes, and average pore diameters. 
Chemical stabilities were studied in acidic conditions. Metals adsorption and binding kinetics were 
measured in batch system for all materials. 

Metal adsorption capacities were in high level in all the materials. The case of PAN-pim, the 
nickel capacity at pH 5 was 0.8 mmol/g, whereas the lead capacity for PAN-PyAMI was at pH 6 0.025 
mmol/g. In the case of REE removal, the binding capacities for PS-DGA and PET-DGA nanofibers for 
Ce3+ were 1.1 and 0.7 mmol/g, respectively and for Nd3+, 2.3 and 0.5 mmol/g, respectively. The binding 
kinetics of PS-DGA and PET-DGA for Ce3+ and Nd3+ were relatively fast—equilibria were attained 
for both REE over 20 and 5 min, respectively. The chemical stabilities of PS-DGA and PET-DGAs 
were good in acidic conditions, and metals were successfully regenerated from the nanofibers and 
reused at least four adsorption–desorption cycles without the loss of significant metal adsorption 
capacities. The adsorption rate of nickel for PAN-pim was extremely fast; the adsorption equilibrium 
was attained after 1 minute. However, chemical stability was not good. In the case of PAN-PyAMI, 
neither chemical stability nor adsorption rate for lead removal were good. 
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The occurrence of persistent organic contaminants such as pharmaceuticals, personal care 
products, pesticides, and organic dyes in water sources have been recognized as a major problem 
worldwide. Besides, the removal of these contaminants, particularly organic dyes, by conventional 
wastewater treatment processes such as physical, chemical, and biological methods have not 
produced satisfactory results. In order to comply with the environmental regulatory framework vis-
a-vis improvement of water quality, cost effective, sustainable, and advanced treatment techniques 
need to be established. Among various advanced oxidation processes (AOPs), heterogeneous 
photocatalysts such as titanium dioxide (TiO2) have been identified as a possible treatment method 
for water pollution remediation due to unique characteristics such as low cost, photochemical 
stability, and strong oxidizing power [1]. Nevertheless, post-filtration of the suspended TiO2 particles 
after water treatment, high band gap energy, and high recombination of electron-hole pairs constitute 
serious disadvantages that limit their industrial applications [2]. In this study, various TiO2 based-
catalysts were synthesized by sol-gel method and calcined under N2 at different temperatures, 
ramping rates, and holding times. The TiO2 based were doped and co-doped with transition metal 
Ag (TiO2, Ag-TiO2) and non-metals C and N (C-TiO2, C-N-TiO2). The resulting catalysts were also 
immobilized by sol-gel dip coating on various supports including stainless steel (SS) and Ti meshes, 
Cr and Ti nitride and oxynitride anticorrosion coatings. The catalysts were characterized by 
numerous analytical techniques such as UV-vis/diffuse reflectance spectroscopy, XRD, HRSEM, 
HRTEM, EDS, SAED, FTIR, TGA-DSC, BET, and XPS. The photocatalytic activity of the prepared 
catalysts was evaluated upon the degradation of model dyes (methylene blue & orange II sodium 
salts) and micropollutants, such as bisphenol A (BPA) and 2-nitrophenol (2-NP), under UV and 
visible light at the applied conditions. The results showed that high pollutant removal efficiencies 
were achieved with supported C-N-TiO2, C-TiO2, Ag-TiO2, and TiO2, respectively. Likewise, excellent 
catalytic activities were achieved by combination of the prepared catalysts with other AOPs including 
dielectric barrier discharge (DBD) plasma system and hydro dynamic cavitation Jet loop. These 
studies clearly demonstrated that AOPs are environmentally safe and robust alternatives that can be 
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employed for water and wastewater treatment, while the synthesized nano materials could be used 
for various applications for environmental remediation, and perhaps for clean energy technologies. 
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Sol-gel processing is a soft-chemistry method to obtain ceramic materials at low temperatures 
starting from molecular precursors in solution. The precursors can be inorganic salts (Al(NO3)3, for 
example) but are mostly metal or silicon alcoxydes of a general formula M(OR)x with M = Si, Ti, Zr, 
Hf, Ce, Al, etc. The formation of a network of oxides from M(OR)x involves hydrolysis and 
condensation reactions. Condensation is a complex process that involves the formation of a bridging 
oxo group through the elimination of an alcohol (alcoxolation) or water (oxolation) molecule. The 
formation of bridging hydroxo groups through the elimination of a solvent molecule (olation) can 
also occur when the maximum coordination of the metal atom, N, is not satisfied in the alkoxide (i.e., 
N > z, the oxidation state of the metal). Silicon alcoxides, for which N = z, are thus not concerned by 
olation reactions. The development of inorganic sol-gel coatings has been driven by environmental 
and technical aspects: sol-gel coatings are non-carcinogenic, environmentally safe, stable, and 
strongly adherent on metal surfaces. The strong adherence to metal substrates has been related to the 
formation of covalent M-O-M’ bonds (M = substrate and M’ = Si, Ti, Zr, etc.) that are produced during 
the drying stage. The most promising applications of such coatings are their uses as thin adherence 
promoter layers for a subsequent organic coating. The brittleness of inorganic sol-gel coatings can be 
mitigated by the incorporation of an organic component into the dried film structure. Silica-based 
hybrids have been studied much more frequently than titania-based or zirconia-based hybrids. This 
is due to the fact that silicon can readily be covalently linked to the organic component through Si-C 
stable bonds. By using organoalkoxy silanes, R1xSi(OR2)4−x with x = 1 or 2, a silsesquioxane network 
built from R1SiO1.5 units(x = 1) or polysiloxane linear chains (x = 2) are obtained. The organic group R1 
can be non-reactive (for example methyl or phenyl) or reactive (for example amino, oxirane or 
methacryloyl groups in γ-aminopropyltriethoxysilane, γ-glycidyloxypropyltrimethoxysilane and γ-
methacryloyloxypropyltriethoxysilane, respectively). The reactive group R1 can attach to the polymer 
which is applied on the silane-treated metal. The organic component makes the gel network more 
flexible and, thus, less prone to cracking during heat treatment of the film. We will see in this 
presentation that γ-aminopropyltriethoxysilane, γ-APS, primers improve the wet durability of 
powder epoxy—steel joints that are prepared at high temperatures (around 200 °C). It was shown 
that a bonding between epoxy and silane occurred when the silane sol was prepared at natural pH 
conditions but not under acidic conditions. XPS and FTIR results revealed a partial oxidation of the 
amine head group of γ-APS to amide but a few amino functionalities remain to react with oxirane 
groups of epoxy resin and strengthen the epoxy/silane interphase. Silane-based primers can also be 
used to increase the adherence of silicone rubber/metal assemblies. In this case, PDMS reinforced 
with fumed silica is often incorporated to the primer formulation as film former and in order to  
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enhance the diffusion of the primer film into the silicone rubber matrix. We see that the nature and 
the amount of silica filler are decisive for the silicon-metal assembly to obtain a strong adherence. 
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Drugs belonging to the quinolone compounds are characterized by a quicker biological activity 
and a broad antibacterial spectrum [1–4]. Molecular, topological, and conformational characteristics 
on 3D quinolones optimized structure have been calculated using Spartan 14 Software. Molecular 
docking approach using CLC Drug Discovery Workbench 2.4 software have been realised to identify 
and visualize the most likely interaction ligand (quinolone) with the receptor protein. The quinolone 
compounds have been obtained by the Gould-Jacobs method. The compounds have been 
characterized by physical-chemical methods and by antimicrobial activity against Gram-positive and 
Gram-negative microorganisms. In this study, the DFT/B3LYP/6-311G* level of basis set has been 
used for the computation of molecular structure, vibrational frequencies, and energies of optimized 
structures. The score and hydrogen bonds formed with the amino acids from group interaction atoms 
are used to predict the binding modes, the binding affinities, and the orientation of the docked 
quinolone compound in the active site of the protein-receptor (Figures 1 and 2). The protein-ligand 
complex has been realized based on the X-ray structure of Bacillus cereus, which was downloaded 
from the Protein Data Bank (PDB ID: 1VEN). In the present study, we have reported the synthesis of 
some quinolone compounds. The quinolones have been evaluated for their antibacterial activity 
against Gram-positive and Gram-negative microorganisms. 

 
Figure 1. Docking pose of the compound 6ClPQ33. 
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Figure 2. Docking pose of the compound FPQ33. 

Structural modifications of this class of antimicrobial agents have afforded compounds with 
better activity aginst Bacillus cereus, Bacillus subtilis, Salmonella typhimurium, Micrococcus luteus. 
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Silver nanoparticles, widely known for their antimicrobial, antioxidant, and antifungal 
properties, can be obtained using conventional or unconventional methods and have various 
applications in different scientific fields, including degradation of dyes from the textile industry 
[1,2]. This paper describes the one-pot green synthesis of silver nanoparticles (AgNPs) from three 
different plants (Sea buckthorn, Ramson, and Cornflower) and their potential use in the 
degradation of some azoic dyes. The three plants (Sea buckthorn, Ramson, and Cornflower) were 
used to prepare the aqueous extract at room temperature for 24 h. A qualitative and quantitative 
screening of bioactive components was carried out using standard analytical techniques, and the 
aqueous extracts were used for the green synthesis of AgNPs at room temperature and at 50 °C. In 
order to confirm the formation of the AgNPs, UV–Vis, FTIR, DLS, and SEM spectra were recorded. 
Also, their antioxidant activity was determined and their potential use in the degradation of some 
azoic dyes was investigated. The qualitative screening of phytochemicals revealed a positive 
response for saponins, carbohydrates, alkaloids, etc., making them an excellent natural material for 
the green synthesis of AgNPs. The UV–Vis spectra were recorded at different time intervals and 
exhibited peaks at 435 nm (Sea buckthorn), 442 nm (Ramson), and 452 nm (Cornflower). FTIR 
measurements allowed the determination of major functional groups present in the structure of the 
AgNPs (e.g., C=C, C=O, C–H, etc.).This paper presents the green synthesis of silver nanoparticles 
(AgNPs) from three different plants (Sea buckthorn, Ramson, and Cornflower) and their 
physical-chemical characterization using UV–Vis, FTIR, DLS, and SEM. Also, preliminary studies 
were carried out to investigate their potential use in the degradation of some azoic dyes.  
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Encapsulation of biologically active compounds in nanocarriers is a promising approach for 
controlling their release profiles and biological activity. Mesoporous silica nanoparticles (MSNs) are 
good candidates for developing drug delivery systems due to their biocompatibility, high porosity, 
and facile synthesis [1]. Moreover, the MSN surface properties can easily be tailored through 
functionalization with various organic groups [2]. SBA-15 and MCM-41 were obtained by sol–gel 
synthesis. The carriers were functionalized with 3-aminopropyl, 3-mercaptopropyl, cyanopropyl, 
isocyanatoethyl, phenyl, and carboxyl groups. Resveratrol was chosen as a model drug having low 
aqueous solubility, which limits its bioavailability. The carriers and resveratrol-loaded samples were 
characterized by small- and wide-angle X-ray diffraction, FT-IR spectroscopy, scanning electron 
microscopy, N2 adsorption desorption isotherms, and thermal analysis. The resveratrol release 
profiles (Figure 1) were obtained in phosphate buffer solution (PBS) pH 6.8, at 37 °C and compared 
with the dissolution of biologically active compound in the same conditions. The experimental results 
were fitted with a theoretical kinetics model, consisting of biologically compound adsorption and 
desorption, followed by diffusion processes. 

 

Figure 1. Resveratrol release from functionalized SBA-15 carriers in comparison with pristine silica 
with different pore size. 
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