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Abstract

:

An increase in textile resistance to antimicrobial agents has posed a pressing need for the development of new antimicrobials. Therefore, the antimicrobial characteristics of thiophene and pyridine acetohydrazide derivatives have been developed as novel textile-modified complexes exhibiting antibacterial agents. Synthesis and characterization of pyridyl-thienyl acetohydrazide derivative (AHZ) using NMR (13C and 1H) and FTIR. Modification of cotton fabric (CF) with acetohydrazide (AHZ) and metal chlorides of divalent Cr, Mn, Co, Ni, Cu, and Zn and trivalent Fe, and Cr. SEM-EDX and Fourier-transform infrared were utilized to characterize cellulose-based cotton fabric (CF) attached to AHZ and their metal (M) complexes. Antimicrobial activity was examined against two types of bacteria, namely S. aureus and E. coli, and two types of fungi, namely C. albicans and A. flavus. All modified samples exhibited higher efficiency towards bacterial strains than fungal strains. In addition, cellulose modified with Ni (II) confers the most antibacterial protection efficiency.
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1. Introduction


Due to the increasing number of microorganisms that are resistant to antibiotics, there is a significant need to develop novel antibacterial agents other than commercially available compounds to combat this [1]. Cellulose, which is the main component of cotton fabric, is the most common type of natural polysaccharide derived from algae, trees, plants, and bacteria. Cotton is a biodegradable, natural, hydrophilic cellulose-based fiber with OH functional groups that has numerous benefits in textile and biomedical engineering [2,3]. Cotton fabrics encourage the growth of germs like bacteria and fungi [4]. The most promising area for new textile materials is medical fabrics with antibacterial properties. Significant efforts are being made to enhance materials and techniques that could provide secure and efficient defense from various bacteria [5]. Therefore, it is essential to understand cotton fabrics’ (CF) antibacterial properties. Numerous antibacterial materials have been imparting antibacterial properties and improving them, including nanomaterials [6], reduced graphene oxide/silver nano complex [7], chitosan [8], and curcumin/titanium dioxide nanocomposite [5].



There is a lot of curiosity about the biological activity of hydrazides (R-CO-NH-NH2), such as their antibacterial, antifungal, and antitumoral effects [9]. Many ligands of amino acids hydrazide derivatives have been reported to act as models for biologically significant species such as metalloenzymes, making them vital in the advancement of bioinorganic chemistry. These complexes are well-known for their outstanding functions in biological, analytical, therapeutic, and industrial applications in addition to their vital roles in catalysis, drug dealing, and chemical synthesis [10]. Recently the ability of complexes of acetohydrazide derivatives to interact with DNA more than the free ligands has been demonstrated [11].



Because of their different biological activities, pyridine ring systems are very important classes of compounds. Biological targets include viral infections, different malignant cells, and microbial diseases when substituents on the pyridine nucleus are modified. To target specific biological problems, these compounds interact with enzymes, proteins, and DNA [12,13].



Cysteine, glutathione (GSH), taurine, methionine, N-acetylcysteine (NAC), and other sulfur compounds are all amino acids that include sulfur, making it a vital component in regular physiological function [14]. Othman et al. (2020) created many pyridine compounds, including the (imidazo [4,5-b]thieno [3,2-e]pyridine-6-carboxylic acid) and its ketone derivatives, which showed promising activity against all strains, particularly K. pneumoniae, A. flavus, and A. ochraceus [1]. To continue our research on cellulose treatment and applications [15,16]. In our previous textile applications Schiff base metal (M) complexes that modified cotton fabric (CF) were studied and showed promising antimicrobial activities [17,18]. Also, cadmium pyrimidinethione hydrazide-modified CF was studied and produced more antimicrobial than the other metal (M) [19]. In this work, the synthesis of 2-((3-cyno-4-(4-methoxyphenyl)-6-(thiophen-2-yl)pyridine 2yl) oxy)acetohydrazide (AHZ) ligand is characterized using different techniques. CF was treated with the synthesized AHZ, which was subsequently reacted with Zn (II), Ni (II), Cr (III), Co (II), Cu (II), Mn (III), or Fe (III) chlorides to form CF modified metal complexes. The antimicrobial effectiveness of the treated fabrics was evaluated.




2. Materials and Methods


2.1. Materials


Mill-bleached pure 100% cotton fabric was procured from Mehalla El-Kobra, Egypt, by Misr Company for spinning and weaving.




2.2. Chemicals


The starting chemicals were metal salts, ammonium acetate, hydrazine hydrate, acetyl thiophene, 4-methoxy benzaldehyde, ethyl cyanoacetate, ethyl chloroacetate, and potassium carbonate that were purchased from Sigma Aldrich and utilized without additional purification. Fisher Scientific (Loughborough, UK) supplied the solvents, which were ethanol (99%) and N,N-Dimethylformamide (99%).




2.3. Syntheses of Acetohydrazide Ligand (AHZ)


AHZ ligand was prepared as in our previous work [20] using the following steps: (Scheme 1)



1st step: Preparation of 4-(4-Methoxyphenyl)-2-oxo-6-(thiophene-2-yl)-1,2-dihydropyridine-3-carbonitrile (1)



In Et OH (40 mL), 5 mmol of (acetyl thiophene and 4-Methoxybenzaldehyde), 15 mmol of ammonium acetate were added to 5 mmol of ethyl cyanoacetate, and the mixture was heated under reflux while stirring for five hours. The reaction mixture was cooled to 25 °C. The precipitated was then washed with ethanol, dried, and recrystallized from EtOH-DMF mixture to yield compound 1 as a yellowish powder [21].



2nd step: Preparation of Ethyl 2-((3-cyano-4-(4-methoxyphenyl)-6-(thiophen-2-yl)pyridin-2-yl)oxy)acetate (2)



A solution of Ethyl chloroacetate and potassium carbonate (5 mmol: 5 mmol) was added to the substituted cyanopyridine derivative (1) that had been thoroughly stirred for 30 min. At 25 °C, the reaction mixture was stirred once more for six hours. The created solution was poured over ice-cold water. The ethyl ester derivative 2 was produced as a yellowish powder by filtering, washing with water, drying, and crystallizing the precipitate that resulted from an EtOH-H2O (2:1) mixture.



3rd step: preparation of AHZ ligand (3)



Hydrazine hydrate (99%) was added to a solution of the ester 2 (5 mmol) in absolute EtOH (25 mL), and the solution was refluxed for 4 h. The solvent was removed using a rotary evaporator. The resulting precipitate was filtered, dried, and crystallized to produce the yellow crystals of AHZ compound 3.




2.4. Coating of Cotton Fabric (CF) with AHZ and M-AHZ


For 3–4 min at (50 °C, 40 kHz), 0.1 g of the prepared ligand was sonicated in thirty ml of DMF. In total, 1 g of cotton textile was soaked in the previous solution and sonicated for 30 min. Samples were then dried and produced cotton fabric-based cellulose modified with acetohydrazide (AHZ-CF). After that, 0.1 g of metal salt (Zn, Ni, Cu, Co, Cr, Mn, or Fe) was added to the mixture. Once again, the AHZ-CF sample was submerged in solution while being stirred constantly under sonication for 30 min. After removal, washing in distilled water, and drying, the resulting cotton fabric (CF) treated with AHZ metal complexes was obtained (M-AHZ-CF); M is Co, Cr, Mn, Cu, Fe, Ni, or Zn) [17].




2.5. Instruments


The 1H and 13C NMR spectroscopies were carried out using a Bruker spectrometer at 850 MHz (Billerica, MA, USA). The solid-state Fourir-transform infrared (FTIR) spectra were carried out using an Agilent spectrometer (Cary 600) in the 4000–400 cm−1 wavenumber range (Santa Clara, CA, USA). An SEM analysis was implemented by means of a VEGA3 (Tescan, Brno, Czechia). An energy-dispersive X-ray (EDX) was achieved by using JEOL JSM-7100F (EDX, Oxford X-act, Tokyo, Japan).




2.6. Tensile Strength


The test method (ASTM D-1682-94, (1994) [22] was utilized to determine the tensile strength of the fabric specimens. Two specimens were examined in the warp direction to measure the breaking load (Lb) of each modified fabric, and the average value was reported.




2.7. The Add-On (%) Loading


The equation was used to calculate the add-on


  A d d − o n   %   =     W   2   −   W   1       W   1     × 100  








where (W1) and (W2) are the pre and post treatment weights of specimens of the CF, respectively.




2.8. Antimicrobial Efficiency


The coated fabrics with the AHZ and M-AHZ were tested for antimicrobial activity against various strains of Gram-negative bacteria Escherichia coli (E. coli) and Gram-positive bacteria Staphylococcus aureus (S. aureus), as well as fungal strains Candida albicans (C. albicans) and Aspergillus flavus (A. flavus) using the disk diffusion method [5].





3. Results and Discussion


3.1. Characterizations of AHZ Ligand


3.1.1. NMR


Characterization of the AHZ ligand Yield: 82%; m.p. 196 °C; IR (KBr, cm−1) υ: 3324–3138 (NH2, NH), 1676 (C=O), 3050 (C–H ar), 2960 (C–H aliph), 2218 (CN), 1610 (C=N ar), 1021 (N–N), 819 (C–S). 1H NMR (DMSO-d6) (Figure 1) δ: 3.87 (s, 3H, OCH3), 4.27 (s, 2H, NH2), 4.93 (s, 2H, CH2), 7.16 (d, 2H, J = 8.4 Hz, Ar–H), 7.23 (m, 1H, Ar–H), 7.73 (d, 2H, J = 7.8 Hz, Ar–H), 7.75 (d, 1H, J = 8.2 Hz, Ar–H), 7.83 (s, 1H, pyridine-H5), 8.05 (d, 1H, J = 7.6 Hz, Ar–H), 9.39 (br, 1H, NH). 13C NMR (Figure 2) (DMSO-d6) δ: 55.9 (CH3), 64.7 (CH2), 91.6 (CN), 112.2, 112.7, 114.8, 116.0, 128.9, 129.1, 129.5, 131.8, 142.9, 143.1, 152.8, 161.3, 163.8 (Ar–C, pyridyl-C, thienyl-C), 166.4 (C=O). Elemental analysis (%): calcd. for C19H16N4O3S: H, 4.24; C, 59.99; N, 14.74; S, 8.43. Found: H, 3.76; C, 54.45; N, 7.23; S, 20.91. λmax (nm): 300 and 241.




3.1.2. FTIR Spectra of AHZ


The ligand’s significant FT-IR spectral bands are shown in Figure 3. The spectrum of the AHZ appeared medium band in the range of (3183–3324 cm−1), which is conformable to NH2 and NH groups, and a strong band at 2218 cm−1 concerning the C≡N group [23], whilst the strong band at 1676 cm−1 concerning the C=O group of acetohydrazide [9], and strong bands at 1610, 1021 cm−1 concerning C=N and N–N of the pyridine ring and acetohydrazide [24,25], respectively. At 819 cm−1, a strong band induced by (C–S) thiophene stretching appeared [26].





3.2. Cotton Fabric Analysis


3.2.1. The Proposed Mechanism between CF and AHZ Derivative


Scheme 2 shows the suggested interaction between the cellulose CF and the acetohydrazide complex. The acetohydrazide ligand and cotton fabric cellulose molecules interact primarily through H-bonding and a weak Vander-Wall interaction between the amino group of the AHZ and the OH groups of the cellulose molecules. Upon complexation, the participation of the C=O, NH2 of the AHZ molecule, and OH group of cellulose chains in binding to the metal ions. Coordination bonds are created between the OH groups of cellulose chains and metal ions. As a consequence, a complex is created between AHZ and the cellulose structure, using the metal ions attached in the cellulose chain via coordination bond.




3.2.2. FT-IR Spectra of the Modified Cotton


The adsorption of AHZ and M-AHZ on the surface of CF is studied using the FT-IR spectral method. Figure 4 and Table 1 show the spectra of blank cotton fabric, as well as AHZ and complex modified CFs. A peak appeared in the (3200–3500 cm−1) range for unmodified CF, which can be assigned to O–H stretching. The cellulose vibrations of C–H stretching and C–H bending were attributed to the weaker peaks at 2904 cm−1 and 1371 cm−1 [27]. While an appearance of O–H, C–O–C, and C–O vibrations caused the cellulose bands to appear in the 1500–800 cm−1 range [7]. Moreover, the spectra of modified CFs showed characteristic peaks related to cellulose structure, in addition to the peaks of the AHZ. Figure 4 shows that AHZ-CF has a new peak at 1652 cm−1, which corresponds to the stretching C=O group of the ligand. Furthermore, AHZ-CF has broadband around 3468 cm−1 and 3191 cm−1 [28], which could be due to vibrational (NH) stretching vibration for a ligand latent behind the hydroxyl band CF. In this instance, hydrogen bonding dominates the interaction between the acetohydrazide ligand and the cellulose molecule, with a minor Van-der-Wall interaction between the NH2 group of the AHZ and the hydroxyl groups of the cellulose structure. C=O, NH2, and OH groups are shifted to lower wavenumbers due to complexation with metal ions [29,30]. The participation of the NH2, C=O of the AHZ, and the OH group of cellulose in binding to the metal ion is supported by these shifts. Furthermore, all metal complexes have peaks M–Cl, M–O, and M–N in the range of 592 to 434 cm−1 which overlap with peaks of CF [31,32].




3.2.3. SEM/EDX Analysis


The surface morphology of cotton fabrics (CF) with acetohydrazide ligand and its metal complexes were evaluated using scanning electron microscopy (SEM). Figure 5a displays the SEM of the blank cotton fabric, which reveals the appearance of a smooth surface [33,34], whereas Figure 5b–i shows agglomerated particles on the coated cellulosic fiber surface (CF) with acetohydrazide (AHZ) and the CF modified with acetohydrazide metal complexes (M–AHZ-CF; M is Cu, Ni, Zn, Co, Cr, Mn, or Fe) as a result of the modification of CF. Figure 6 also shows the results of an EDX analysis of coated cellulose cotton fabric (CF) with acetohydrazide ligand (AHZ) and AHZ metal complexes. The untreated fabric (Figure 6a) demonstrates that only carbon and oxygen are present in the fabric’s composition. The deposition of the acetohydrazide on the cellulosic fiber is indicated by the appearance of new elements in Figure 6b. Figure 6b–i show Zn, Ni, Cu, Co, Cr, Mn, and Fe metals with nitrogen and sulfur, which is evidence that the CF was successfully modified with AHZ metal complexes [34].




3.2.4. Antimicrobial Studies


Using the disk diffusion method, the microbial activity of unmodified and modified CFs were tested against representative pathogens, including Gram+ (S. aureus) and Gram- (E. coli). Also, all samples were tested against a variety of fungal strains, namely (A. flavus) and (C. albicans). As shown in Table 2 and Figure 7, all treated samples of cotton fabric had an antibacterial action with a zone of inhibition ranging from 10 to 21 mm. It is clear from Table 2 that all modified CFs with AHZ and its M–AHZ complexes had almost a greater response to Gram-positive than Gram-negative, and variance in bacterial cell wall organization structure may account for this. It was noticed that the ligand modified cotton fabric was found to have moderate activity against Gram-positive (S. aureus) bacteria, whereas low activity against Gram-negative (E. coli) bacteria. When compared to the AHZ-CF, cotton fabric modified with metal complexes was found to have remarkable antimicrobial activity. The Ni–AHZ-CF complex demonstrated the highest antibacterial activity against both Gram- and Gram+ bacteria, followed by the Zn–AHZ-CF, as well as the Fe–AHZ-CF displayed the lowest antibacterial activity when compared to the other M−AHZ-CF. The order of antibacterial effects is as follows: Ni–AHZ-CF > Zn–AHZ-CF > Cu–AHZ-CF > Co–AHZ-CF > Cr–AHZ-CF, Mn–AHZ-CF > Fe–AHZ-CF, as presented in Figure 8. The improved performance of M-AHZ complexes can be demonstrated by the chelation theory [35,36,37]. This indicated that upon complexation, the polarity of the metal ion is diminished as a result of its positive charge being shared partially with donor groups. In addition, it boosts the complex’s lipophilicity and increases the delocalization of π-electrons across the entire chelate ring. This increased lipophilicity improves the complexes’ ability to penetrate the bacterial cell membrane’s lipid layer and hinders the M-binding sites on the enzymes of microorganisms. On the other hand, Table 2 also shows the antifungal activity of all treated samples. Ligand-modified cotton fabric has no activity against both fungal strains, (A. flavus) and (C. albicans). Metal complexes modified cotton fabric were found to have a higher activity against C. albicans than A. flavus. All complexes had no activity against A. flavus. Zn–AHZ-CF was found to possess higher antifungal activity against C. albicans compared with all the studied samples of cotton fabric-modified complexes (Figure 7).




3.2.5. The Add-On (%) and Tensile Strength


The add-on values represent the amount of chemicals used during the modification process that were deposited on the CF. Table 3 shows add-on percentage results. The outcomes presented that the add–on values for modified CF with AHZ were 2.1% while the M-AHZ modified fabrics show much larger add–on values ranging from 4.5% to 9.4%. In contrast, the treated samples’ tensile strength values have significantly decreased. This could be explained by the various modifications made to cotton fabric.






4. Conclusions


Herein, we report the synthesis of 2-((3-cyano-4-(4-methoxyphenyl)-6-(thiophen-2-yl) pyridin-2-yl) oxy) acetohydrazide (AHZ). Spectroscopic techniques including 1HNMR spectra, 13CNMR spectra, and FTIR spectra successfully elucidated the AHZ structure. The CF were modified with the AHZ and its complexes by exposing them to ultrasonic waves for several minutes. SEM images represent distributions of the AHZ and M-AHZ on the surface of fabric resulting in a rough surface. The EDX results, which showed that the modified samples contained the elements Ni (II), Cu (II), Mn (II), Co (II), Cr (III), and Fe (III), revealed the successful deposition of all treatments. The antibacterial and antifungal properties of the modified cotton complexes were investigated. The treated samples show antibacterial efficiency in higher results than antifungal properties and have great potential to be used as antibacterial textiles with high effectiveness. Moreover, the cotton fabric containing Ni (II) complex was exerted to be more reactive toward both bacteria and fungi than other metals modified cotton fabric complexes. According to the presented data, coated cotton fabrics are promising in antimicrobial textile applications.
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Scheme 1. Preparation of pyridyl-thienyl acetohydrazide derivative. 
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Figure 1. The 1HNMR of AHZ ligand. 
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Figure 2. The 13CNMR of AHZ. 
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Figure 3. The FTIR of AHZ. 
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Scheme 2. The proposed interaction mechanism between the cellulose-based CF and metal complexes. 
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Figure 4. (a) and (b) FTIR of blank CF, ligand coated CF, and metal complexes coated CF. 
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Figure 5. SEM images of untreated CF (a) and the treated fabric; AHZ-CF (b), Ni–AHZ-CF complex (c), Cu-AHZ-CF complex (d), Zn–AHZ-CF-complex (e), Co–AHZ-CF complex (f), Cr–AHZ-CF complex (g), Mn–AHZ-CF complex (h), and Fe–AHZ-CF complex (i). 
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Figure 6. The EDX analysis of modified cotton fabric with ligand and metal complex, where blank (a), AHZ-CF (b), Zn−AHZ-CF complex (c), Ni−AHZ-CF complex (d), Cu−AHZ-CF complex (e), Co−AHZ-CF complex (f), Cr−AHZ-CF complex (g), Mn−AHZ-CF complex (h), and Fe−AHZ-CF complex (i). 
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Figure 7. Inhibition zone of blank and coated cotton fabrics against S. aureus (a), E. coli (b), C. albicans (c), and A. flavus (d). 
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Figure 8. The antibacterial and antifungal activities of all coated cotton fabrics. 
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Table 1. FT-IR values of coated CF.
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	Compound
	ν (OH)
	ν (CH2)
	ν (C=O)
	ν (C–O–C)
	ν (C–O)
	ν (M–O)
	ν (M–N)
	ν M–Cl



	AHZ-CF
	3468–3191 br
	2896, 2850 m
	1652 m
	1160, 1106 m
	1053, 1028 s
	-
	-
	-



	Zn–AHZ-CF
	3466–3184 br
	2894, 2848 m
	1648 m
	1161, 1106 m
	1053, 1028 s
	591 w
	518 m
	434 m



	Ni–AHZ-CF
	3467–3188 br
	2894, 2848 m
	1651 m
	1162, 1105 m
	1053, 1028 s
	590 w
	518 m
	434 w



	Cu–AHZ-CF
	3464–3191 br
	2895, 2848 m
	1651 m
	1160, 1106 m
	1053, 1028 s
	592 w
	518 m
	435 w



	Co–AHZ-CF
	3468–3189 br
	2895, 2848 m
	1648 m
	1160, 1105 m
	1053, 1028 s
	590 w
	518 m
	436 m



	Cr–AHZ-CF
	3464–3183 br
	2895, 2846 m
	1650 m
	1161, 1105 m
	1053, 1028 s
	591 w
	518 m
	436 m



	Mn–AHZ-CF
	3461–3183 br
	2896, 2851 m
	1651 m
	1160, 1106 m
	1053, 1028 s
	592 w
	518 m
	434 m



	Fe–AHZ-CF
	3461–3187 br
	2896, 2851 m
	1650 m
	1160, 1106 m
	1053, 1028 s
	592 w
	518 m
	435 m







ν (wavenumber), S (strong), br (broad), m (medium), w (weak).
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Table 2. The Antimicrobial activities of the blank cotton, AHZ-CF, and M-AHZ-CF.
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Fabric Coating

	
Inhibition Zone

(mm/cm Sample)

	
Inhibition Zone

(mm/cm Sample)




	
Gram (+ve)

	
Gram (−ve)




	
S. aureus

	
E. coli

	
C. albicans

	
A. flavus






	
Blank

	
0

	
0

	
0

	
0




	
AHZ-CF

	
11

	
10

	
0

	
0




	
Zn−AHZ-CF

	
18

	
18

	
19

	
0




	
Ni−AHZ-CF

	
21

	
18

	
11

	
0




	
Cu−AHZ-CF

	
16

	
15

	
14

	
0




	
Co−AHZ-CF

	
14

	
14

	
0

	
0




	
Cr−AHZ-CF

	
12

	
13

	
0

	
0




	
Mn−AHZ-CF

	
13

	
12

	
0

	
0




	
Fe−AHZ-CF

	
11

	
0

	
0

	
0
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Table 3. Results of add-on and tensile strength.
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	Cotton Sample
	Add-On

(%)
	Tensile Strength

(Kg f)





	Blank
	-
	54.8 ± 0.2



	AHZ-CF
	2.17 ± 0.2
	51.8 ± 0.2



	Zn−AHZ-CF
	4.5 ± 0.2
	49.8 ± 0.2



	Ni−AHZ-CF
	5.97 ± 0.2
	47.7 ± 0.3



	Cu−AHZ-CF
	5.75 ± 0.2
	48.8 ± 0.2



	Co−AHZ-CF
	4.95 ± 0.2
	48.50 ± 0.5



	Cr−AHZ-CF
	3.42 ± 0.2
	50.67 ± 0.4



	Mn−AHZ-CF
	4.8 ± 0.2
	49.32 ± 0.46



	Fe−AHZ-CF
	4.96 ± 0.2
	48.3 ± 0.6
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
B R——

Ly

&1

Fue
o8

Fes

Fat

881

Fsso

- N

f1 (ppm)





media/file21.jpg
5 — | — 1
Staphylococens aurens| | o
— (a)






media/file26.png
ANTIMICROBIAL ACTIVITIES

B Staphylococcus aureus

18
18
19
21
18
16
15
14
14
14
12
13
13
12

11
10

11

11

AHZ-CF ZN-AHZ- NI-AHZ- CU-AHZ- CO-AHZ- CR-AHZ- MN-AHZ- FE-AHZ-
CF CF CF CF CF CF CF





media/file3.jpg
e
e

o

an—

Fe
Fun

Fa

1“4 130 110

15

1 (ppm)





media/file18.jpg





media/file14.jpg





media/file7.jpg
Transmittance %

——AHZ

4000

T
3600

T
3200

T T T
2800 2400 2000 _
Wavenumber cm’

T
1600

T
1200

T
800

400





media/file23.png
."'j . :
\ ‘——L-;}; - - e

r

andida albicans

_:Candida albicans |






media/file10.png
OH
OH

N—NH,
HO Q
0
& v HO

0J
P,
OH =\ o
S K\=
n T\
L =
=1 [x)
O |=
¢ @ S
=1
=
. 2§ e 2 ~A-(4- -6-(thi
Callilsds Srastai fibise 2-((3 cyno .4 (4-methoxyphenyl)-6 _(tlnc_)phen
-2-yD)pyridin-2-yl)oxy)acctohydrazide ligand
OH OH
- HO oL O
O OH *-\;07\ HO 91«
) (KH / = QH on
e “1‘ -1
Cl—M——CI s
\I HgN\
HzN NH
NH Metal salt O
O =S ur?r-asonication JA40KHz,50°C, 30min
OCn. S5 o)
X
NC—\_J =N
NC S
\_/
HyC-©
Complex modified cotton fabric
M=Zn (1), Ni(ll),

Cu(ll),Co(ll), or Mn(ll)

\_/

=0

Ligand modified cotton fabric

HaC-©
Complex modified cotton fabric

M=Cr(lll} or Fe(lll)





media/file15.png
SEM HV:20.0kV |

WD: 20.39 mm

View field: 69.5 ym |

Det: SE

SEM MAG: 2.00 kx

Date(m/d/y): 08/02/21

VEGA3 TESCAN

Performance in nanospace

e
S e

e
AR 1 !
SEMHV:20.0kV |  WD:9.05mm
View field: 69.5 pm | Det: SE
SEM MAG: 2.00 kx | Date{m/d/y): 08/04/21

y d .?-L
ll||I1|||[VEGA3TESCAN
20 pm

Performance in nanospace

SEM MAG: 2.00 kx

’ g
/.\'"
e r
— "-""“w 4
— ‘G‘__ - -
SEM HV: 20.0 kV WD: 15.95 mm N VEGA3 TESCAN

View field: 69.6 pm Det: SE 20 pm
SEM MAG: 2.00 kx | Date{m/d/y): 08/02/21

Performance in nanospace

U
ey -
R =
iy
=3 ﬁ“ ".'-‘,é-hd-.’- l
SN R
i !
L :
L
=y
4
o
T 4
T s ' o
.__‘.}\

.
.

e _
SEMHV:200kV | WD:17.95mm | ;| ;| ;1 | VvEGA3TEscawn
View field: 69.5 ym |

Det: SE

-

| 20 pm
| Date(m/dly): 08/15/21

Performance in nanospace





media/file19.png
e F=d
o E=
N BT B A R o e B

=
=
]

=
o
]

=

0-IIIIII|IIIl]lllI|IIlIIIIII|IIIIIllH|Il||IIIIl[IIIIIIIIl[IIIIllllI]IIIIIIIII|IIIIIIIII|‘II"II]IIII|IIlIII

|
0 2 - 6 8 10 12 14 16 pt] keV 0 2 4 ] 8 10 12 14 16 18 keV

lIII|IIIlIIIII|llllIIIII|IIII|I|Il|lIll|IIII[IHIIIIII]IIIIIIIll|IlIIIIIII|III_I-|_II"II|.IIII|IIII|IIII|I

Cu . Co =

N M 1Cu 1 s

O-IIllIl|lIlI|IIll|IIllIllll|lIlllllll|IlIlIIIlI|IIIIII|II|llll|IIIl|llll|IIll|llll||I|I|llll|I|Il|llIIII 0-III'II]IIIlIlll||IIIlIIIII|IIlIIllII||'III|III|llI'IIIIl||IlIIII'I[I|I|IIIlI]IIII|II_iAl“|.l-lllI‘lllll]llllll

] 2 4 6 8 10 2 14 16 18 keV 0 2 4 6 8 10 12 14 16 18 keV






media/file11.jpg





media/file6.png
E6'55—

LS —

{976 —

59°CIT ~
ESFIT—

P18CT
ES'6CT W
6S'0ET
08'TET .\1

88'CPL —

08°Z8T ~
TE€'951 ~
EETOT

0891 ..././.
TEFST —
L6'99T 7

——

—

-

180 170 160 150 140 130 120 110 100

100

f1 (ppm)





nav.xhtml


  materials-16-04885


  
    		
      materials-16-04885
    


  




  





media/file16.png
T : % & g

L3

SEM HV: 20.0 kV WD: 17.68 mm T VEGA3 TESCAN SEM HV: 20.0 kV \ WD: 20.70 mm RN VEGA3 TESCAN
View field: 69.5 pm Det: SE ‘ 20 pm View field: 69.5 pm | Det: SE | 20pm
SEM MAG: 2.00 kx | Date(midly): 08/02/21 Performance in nanospace SEM MAG: 2.00 kx | Date(m/d/y): 08/15/21 Performance in nanospace

- f('
o\
} 4
~ :
7
y
£ i V)
%
A
g 7 4
.- P 4 & ]
SEM HV: 20.0 kV \ WD: 14.62 mm N | VEGA3 TESCAN SEM HV: 20.0 kV WD: 14.85 mm et VEGA3 TESCAN
View field: 69.5 pm ‘ Det: SE | 20 pm View field: 69.4 pm Det: SE 20 pm
SEM MAG: 2.00 kx | Date(m/dly): 08/15/21 Performance in nanospace SEM MAG: 2.00 kx |Date{(m/dly): 08/02/21 Performance in nanospace
D
O
P
v :
‘ !I

55

L

Vi
S

Performance in nanospace





media/file2.png
CHO 74 |

CHzCOONH4

N OEt EtOH/reflux
S
CHs

KzCOe. lCICHchOEt
H

/CS

NH-NH-
EtOH/reflux CN
O
|\"¢o
HsC vO






media/file20.png
cps/eV

cps/eV

c Spectrum 2
. W% o
16= 0
. a
. N
4= Cr
e S
08=
05=
04=
02=
U-lIlllllll|lllll||llll|llll[lllllllll[llllIllll||l|l|lll||lllIIll|||lllllllll|||||||l|1|llll|ll|||||ll|l
] 2 4 ] 8 (1] 12 14 16 18 keV
0
J
- Spectum 2
s Wtk o
- t
- 0
- fe
02= gl
o N
O".S-
D‘_—
005—

U-IIIIII|||ll|lIIl|IIIIIlIIl|lIIIIIIII|IIltllIlI|lIIlIIIIl|lIIIIIIII|IIIiIlllI|lIII|IIII|1III|IIII[IIIIII

0 1 2 3 4 3 6 1 ] 9 keV

cps/eV

-I]Illl[lIlIIIIII|Illl[lllI|IIII|IIIl|lllllIIII|lIlI[lllI|I|I||llll|lllIIIll||lllllllll||l|l]llll|llllll

0 2 4 1] 8 10 1 14 16 18 keV






media/file5.jpg
e 2 18

Lij i 1|n || | L

' o)





media/file24.png





media/file1.jpg
crHo. @
s ory

CHyCOONH,

ot Eorirafiux
~ors MY

2605 | cicmzcooet
owF

o

oM
NHaNH
Eiorrenux en
~
| I
~, ~ -~ o
N—s






media/file25.jpg
ANTIMICROBIAL ACTIVITIES






media/file12.png
1651 w
1651

DN

w
BN o

Zn-AHZ-CF

AHZ-CF . Cr-AHZ-CF Fe-AHZ-CF
Blank CF N-AFZ-CF Co-AHZ-CF Mn-AHZ-CF

Trnasmittance a.u.
Transmittance a.u.

Cu-AHZ-CF

y T y T y T y T y T y T y T y T y
4000 3600 3200 2800 2400 2000 1600 1200 800 400 o e e e e s 1
Wavenumber cm™! 4000 3600 3200 2800Wa\zlg%(l)1mb2equm'116oo 1200 800 400

(a) (b)





media/file9.jpg
|

a5
e






media/file0.png





media/file22.jpg
L & 8

=
: T






media/file8.png
3 *

Q

O

c

8
£

)

c

©
|_

— AHZ
| — 1 rr T r T r*r T * 1 | |

4000 3600 3200 2800 2400 2000 _11 600 1200 800

Wavenumber cm

400





media/file17.jpg





