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Abstract: Antimicrobial textiles have played an increasingly important protection role in the medical
field. With this aim, Schiff bases and nanometal complexes on the cotton fabric were in situ synthe-
sized for achieving the conventional cotton fabric’s highly efficient and durable UV protection and
antibacterial properties. Herein, a new Schiff base derived from the condensation reaction of 2,4-
dihyroxybenzaldehyde with p-amino aniline was synthesized. Co, Ni, Cu, and Zn complexes of the
Schiff base were also prepared and characterized by UV-Vis, Fourier-transform infrared spectroscopy,
1HNMR, 13CNMR, elemental analysis, and thermal analysis. The modified cotton fabric was also
characterized via X-ray diffraction, Fourier-transform infrared spectroscopy (FTIR), scanning electron
microscope (SEM), transition electron microscope (TEM), and Energy Dispersive X-Ray Analysis
(EDX). Moreover, the microbial, UV protection, and tensile strength of the samples were investigated.
The antimicrobial was studied against Gram-positive bacteria, Gram-negative bacteria, and fungal
strains. Modified cotton fabric exhibited highly antibacterial activity in contrast with fungal activity.
These results depended on the Schiff base and the type of metal complex. The results also show that
the cotton fabric modified by in situ nanometal complexes provides excellent UV protection.

Keywords: cotton fabric; aniline Schiff base; 2,4-dihyroxybenzaldehyde; p-phenylenediamine;
antimicrobial activity; UV protection properties

1. Introduction

Cotton is a plentiful natural fiber made up almost entirely of cellulose with hydroxyl
functional groups (about 88%–96%). It is one of the most extensively used natural fibers in
everyday life due to its high hygroscopicity, soft comfort, and biodegradability. In textile
and biomedical engineering, the biopolymeric cotton fabric material offers a variety of
benefits. On the other hand, cotton textiles promote the growth of microorganisms, such as
bacteria and fungus, which spread diseases, significantly raise the risk of cross-infection,
and even damage human health [1]. Hence, the search for the ways of imparting cotton fab-
rics with antibacterial properties is crucial. Different types of antibacterial agents, such as
N-halamine [2], quaternary ammonium salts [3], nanomaterials [4–6], chitosan [7], reduced
graphene oxide/silver nanocomplexs [8], and curcumin/titanium dioxide nanocompos-
ites [9], have been developed to add antibacterial activity.

Schiff bases are the condensation products of primary amines with carbonyl com-
pounds (aldehydes and ketones) [10]. Hugo Schiff, a German chemist, first reported
Schiff bases in 1864; hence, the name Schiff bases. Schiff bases are sometimes known as
azomethines or imines [11]. The common structural feature of Schiff bases is azomethine
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group linked with substituents (R-C=N-R’), these substituents may be cycloalkyl, alkyl,
heterocyclic, or aryl groups [11]. The Schiff base metal complexes’ importance has been rec-
ognized in the fields of material sciences, bioinorganic chemistry, biomedical applications,
and supramolecular chemistry.

Schiff base metal complexes make available compounds naturally and synthetic oxy-
gen carriers [12] and also offer compounds that operate as active stereospecific catalysts in
redox, hydrolysis, and conversion reactions in organic and inorganic processes [13]. Metals,
in addition to their complexes, have had important applications in medical applications for
over 5000 years [14]. Schiff base metal complexes also function as pigments and dyes in
polymerization and are used in the pharmaceutical sector. Biologically active Schiff bases
moieties have various pharmacological activities [15].

Noticeable antimicrobial activity of Schiff bases containing aniline and phenolic frag-
ments was reported [16]. Schiff base complexes based on benzimidazole derivative and
furfural (Fur) or salicylaldehyde have a strong antibacterial and antitumor effect [17]. N-
(Salicylidene)-2-hydroxyaniline is a salicylaldehyde Schiff base derivative, that was shown
to be a powerful antibacterial agent against Mycobacterium tuberculosis [18]. Recently,
reported work proved that Iron (III) and zinc (II) monodentate Schiff base metal complexes
have antibacterial activity [19,20]. The phenols and amines play a large effect in medici-
nal chemistry due to their strong biological action. They are used in different cellulosic
applications [21–23] and still attract chemists’ and researchers’ attention in several areas.

Studies indicate that the antifungal and antibacterial activities of metal complexes
are better than their actual Schiff base ligands [24,25]. However, the Schiff base complex
was used in the majority of publications, and only a few studies used the Schiff base in
fabric finishing. Furthermore, employing a simple approach to insert highly effective
functional molecules onto cotton fabric surfaces remains an essential topic for researchers.
The previous works reported that azobenzene ring Schiff base treated cellulosic fabric for
UV protection properties [26]. Benzyl vanillin Schiff base was used as finishing of polyester
fabric and showed highly UPF (ultraviolet protection factor) [27]. Recently, cotton fabric
was treated with piperazinyl Schiff for highly antibacterial efficacy [28].

The lack of published research performed on the application of Schiff base complexes
for cellulose treatment has motivated us to explore its utilization of it as antimicrobial,
and UV protection. In our study, we herein report the synthesis and characterization of
Schiff base ligand derived from the condensation reaction of 2,4-dihyroxybenzaldehyde
with p-amino aniline. Co, Ni, Cu, and Zn complexes of the ligand were prepared. The
characterization of prepared ligand and complexes was analyzed by spectroscopic methods,
such as UV-Vis, IR, 1HNMR, 13CNMR, elemental analysis, and thermal analysis.

Two techniques were used for modified cotton fabric with Schiff base and its metal
complexes. The first is the modification of cotton fabric by the synthesized Co, Ni, Cu, or
Zn (d-block metal) complexes. The second technique is the in situ formation of nanometal
Schiff base complexes on the surface of cotton fabric. Furthermore, Schiff bases and their
metal complexes were synthesized on cotton fabric for antibacterial finishing and UV
protection properties. The tensile strength of the treated samples was also studied.

2. Experimental
2.1. Materials

Misr Company for spinning and weaving provided mill bleached pure 100 percent
cotton fabric (138 g/m2) at Mehalla El-Kobra, Egypt.

2.2. Chemicals

All solvents were purchased from Fisher Scientific, Loughborough, UK. CuCl2·2H2O,
CoCl2·6H2O, NiCl2·6H2O, and ZnCl2 dry were purchased from Loba Chemie.
2,4-Dihydroxybenzaldehyde and p-phenylenediamine were purchased from Sigma-Aldrich,
St. Louis, MO, USA.
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2.3. Preparation of (E)-4-(((4-Aminophenyl)imino)methyl)benzene-1,3-diol (HL) Ligand

Scheme 1 represent the Schiff base ligand (E)-4-(((4-aminophenyl) imino) benzene-1,3-
diol (HL). It was prepared by slowly adding of 20 mL ethanolic solution of 0.54 g (5 mmol)
of p-phenylenediamine to 20 mL ethanolic solution of 0.69 g (5 mmol) of 2,4 dihydroxy
benzaldehyde, and the mixture was stirred until complete dissolution. The mixture was
left to stir under reflux for 4 h, during which an orange precipitate was formed. Glacial
acetic acid few drops were added at the start of the reflux. The orange precipitate was then
filtered and washed several times with distilled water followed by absolute ethanol. The
obtained Schiff base was (E)-4-(((4-aminophenyl) imino) methyl) benzene-1,3-diol (HL).

Scheme 1. Synthesis of the ligand HL.

(E)-4-(((4-aminophenyl)imino)methyl)benzene-1,3-diol (HL): Orange precipitate. Yield:
(72%). M.p.:223 ◦C. Elemental analysis data for C13H12N2O2 (FW = 228.25); Calculated:
C: 68.41, H: 5.30, N: 12.27. Found: C: 68.10, H: 5.22, N: 12.11. IR: ν(C=N); 1626 cm−1,
ν(NH2-OH); 3294-3359 cm−1, ν(OH); 3443 cm−1. UV-Vis (DMF) λ max (nm): 311, 370. 1H
NMR (DMSO-d6) δ ppm: 5.26 (NH2), δ: 6.26- 7.45 (7H, Ar-H), δ: 8.68 (1H, CH), δ: 10.10
(1H, para phenolic OH), and δ: 14.08 (1H, ortho phenolic OH). 13C NMR (DMSO-d6) δ
ppm: 163.2 (ortho C-O), δ: 161.8 (para C-O), δ: 157.66 (HC=N), δ: 148.3 (C-NH2), and δ:
102.8–133.7 aromatic carbons.

2.4. Synthesis of Transition Metal Complexes (1–4)

We added 0.457 g (2 mmol) of HL in 30 mL ethanol to metal salt (2 mmol)—namely,
CuCl2·2H2O, CoCl2·6H2O, NiCl2·6H2O, or ZnCl2 dry; dissolved in the least amount of
bi-distilled water. The mixture was left to stir under reflux for 10 h to ensure complete
formation. The precipitate was filtered and washed several times with an ethanol-water
mixture of 50% (v/v) to remove any unreacted reactants. Then, the precipitate was dried in
anhydrous CaCl2. The obtained complexes are [Co L Cl (H2O)2] (1), [Ni L Cl (H2O)3]·H2O
(2), [Cu L Cl (H2O)3]·H2O (3), and [Zn L Cl (H2O)2]·H2O (4). The chemical structure of the
synthesized complexes is represented in Scheme 2.
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Scheme 2. Synthesis of the metal complexes (1–4).

Co (II) Complex (1): Dark Brown Precipitate. Yield: (83%). M.p.:270 ◦C. Elemental
analysis data for C13H19 Cl Co N2O6 (FW = 393.7); Calculated: C: 39.66, H: 4.86, N: 7.12.
Found: C: 39.38, H: 4.24, N: 6.98. IR: ν(C=N); 1611 cm−1, ν(NH2-OH); 3142-3223cm- 1,
ν(M-O); 589 cm−1, ν(M-N); 534 cm−1. UV-Vis (DMF) λ max (nm): 224, 307, 481.

Ni (II) Complex (2): Red Brown Precipitate. Yield: (90%). M.p.:254◦C. Elemental
analysis data for C13H19 Cl Ni N2O6 (FW = 393.45); Calculated: C: 39.68, H: 4.87, N: 7.12.
Found: C: 39.50, H: 4.62, N: 7.09. IR: ν(C=N); 1619 cm−1, ν(NH2-OH); 3223-3251 cm−1,
ν(M-O); 592 cm−1, ν(M-N); 541 cm−1. UV-Vis (DMF) λ max (nm): 229, 317, 452.

Cu (II) Complex (3): Black Precipitate. Yield: (76%). M.p.: 298 ◦C. Elemental analysis
data for C13H19 Cl Cu N2O6 (FW= 398.3); Calculated: C:39.20, H:4.81, N:7.03. Found:
C:38.99, H:3.24 N:7.01. IR: ν(C=N); 1622 cm−1, ν(NH2- OH); 3166-3250 cm−1, ν(M-O);
591cm−1, ν(M-N); 543 cm−1. UV-Vis (DMF) λ max (nm): 219, 306, 464.

Zn (II) Complex (4): Pale Brown Precipitate. Yield: (73%). M.p.: 290 ◦C. Elemental
analysis data for C13H19 Cl Zn N2O6 (FW = 400.1); Calculated: C: 39.02, H: 4.79, N: 7.00.
Found: C: 38.87, H: 4.54, N: 6.82. IR: ν(C=N), 1620 cm−1, ν(NH2- OH); 3263-3300 cm−1,
ν(M-O); 585 cm−1, ν(M-N); 523 cm−1. UV-Vis (DMF) λ max (nm):233, 320, 380. 1HNMR
(DMSO-d6) δ: 5.29 (NH2), δ: 6.25- 7.44 (7H, Ar-H), δ: 8.66 (1H, CH), δ: 10.07 (1H, para
phenolic OH). 13CNMR (DMSO-d6) δ ppm: 164.34 (ortho C-O), δ: 162 (para C-O), δ: 157.63
(HC=N), δ: 148.3 (C-NH2), and δ: 102.8-137 aromatic carbons.

2.5. Coating Techniques

Different two coating techniques were used for modification of the cotton fabric, and
these techniques are represented in Figure 1a,b.
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Figure 1. Photographic images of cotton fabric treated with Schiff base metal under two different
techniques (a) Technique 1 and (b) Technique 2 (in situ formation).

2.5.1. Coating of Cotton Fabric by the Previously Synthesized Ligand or the Metal
Complexes (Technique 1-T1)

As presented in Figure 1a, the mixture of 0.1 g of the synthesized ligand (or the
complex) was dissolved in 30 mL of ethanol and sonicated for 5 min at 50 ◦C. We immersed
1 gm of cotton fabric in the prepared mixture and sonicated for 20 min. Then, we dried
the samples at 50 ◦C for 10 min. Finally, the samples were washed with deionized water
several times and dried.

2.5.2. In Situ Formation of Nanometal Complexes Schiff Base Coated Cotton Fabric
(Technique 2-T2)

The in situ formation of Schiff base, Co complex is illustrated in Figure 1b; 0.1 g of
the synthesized ligand was dissolved in 30 mL of ethanol under sonication for 5 min at
50 ◦C. Then, 1 gm of cotton fabric was immersed in the previous mixture with continuous
sonication for 20 min. After that, 0.1 g of the CoCl2·6H2O was added to the solution
mixture and sonicated for 30 min. Finally, the sample was washed with deionized water
several times and dried. The in situ Ni, Co, and Zn complexes were synthesized with the
same method.

2.6. Instruments
1H and 13C nuclear magnetic resonance (NMR) spectroscopies for the ligand and its

diamagnetic complexes were performed using a Bruker spectrometer (Billerica, MA, USA)
at 850 MHz; the used solvent was DMSO, the standard reference was tetramethylsilane,
and the temperature of the probe was 25 ◦C. The FTIR spectra of the ligand, complexes, the
cotton fabric samples were measured using an Agilent spectrometer (Cary 600 FTIR, Santa
Clara, CA, USA), which was operated in the wavenumber range of 4000–400 cm−1.



Coatings 2022, 12, 1181 6 of 18

A Shimadzu UV-Vis spectrophotometer (UV-1650PC, Kyoto, Japan) was used to mea-
sure dimethylformamide (DMF) solutions (1 × 10−3 M) of the ligand and their metal
complexes. A Vario EL M, Hanau, Germany was used to measure the CHN contents of the
ligand and its complexes. A Shimadzu simultaneous TG apparatus (DTG-60AH, Kyoto,
Japan) was used in the air with a heating rate of 10 ◦C/min; from (room temperature
−700 ◦C) range was used. A Rigaku XRD diffractometer was used to measure the samples’
XRD patterns (Ultima IV, Tokyo, Japan; using Cu Kα radiation (λ = 1.54180 Å).

The molar conductivity of (1 × 10−3 M) of samples dissolved in DMSO of the metal
complexes at room temperature was measured using an Oakton (CON 700, Singapore)
Conductivity meter. The Magnetic Susceptibility Balance—Auto (Sherwood Scientific, Cam-
bridge, UK) was used to measure the magnetic susceptibility of the prepared solid metal
complexes at room temperature. The used ultrasonic water base is a Wise Clean ultrasonic
bath (WUC-D22H, Wertheim, Germany, frequency of 40 kHz, power input of 300 W).

The studies of electron microscopy were undertaken using JEOL -JEM-1230 trans-
mission electron microscopy (TEM) (with a 40–120 kV accelerating voltage, Tokyo, Japan)
and scanning electron microscopy (SEM) (Tescan Vega3) with an attached energy disper-
sive X-ray spectrometer (EDX) Model vega3 (Brno, Czech Republic). SEM samples were
prepared on an appropriate disc and coated with gold to make the samples conductive
to electrons.

2.7. Antimicrobial Activity

The biological activities of treated cotton samples were studied for antibacterial and
antifungal properties using the disc diffusion method. Different types of bacteria Staphy-
lococcus aureus (S. aureus) as Gram-positive and Escherichia coil (E. coli) as Gram-negative
were used. Candida albicans (C. albicans) and Aspergillus flavus for fungus. S.aureus, E. coil,
C. albicans, and Aspergillus flavus originated from ATCC12600, ATCC11775, ATCC 7102, and
ATCC 9643, respectively. The antibacterial and antifungal properties were studied by the
disc diffusion method.

2.8. Tensile Strength

The ASTM Test Method (D-1682-94, 1994) was used to determine the tensile strength
of the cotton samples.

2.9. The Add-On (%) Loading

The add-on (%) loading was calculated as follows:

Add − on(%) =
W2 − W1

W1
× 100 (1)

where W1 and W2 are the weights of the fabric specimens before and after treatment,
respectively.

2.10. UV Protection Factor

Ultraviolet protection factor (UPF) was measured using UV Shimadzu 3101 Spec-
trophotometer. UV protection and classification according to AS/NZS 4399:1996 were
evaluated with a scan range was of 200–600 nm.

2.11. Durability Test

To evaluate the UPF protection values’ durability to washing, the treated cotton sam-
ples were subjected to ten laundry cycles according to the ASTM standard test procedure
(D 737-109 96).
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2.12. Statistical Analysis

The results of add-on% and tensile strength values were expressed as follows: the
mean of the repeating of each sample three times (n = 3) with its standard deviation (the
mean ± S.D.).

3. Result and Discussion
3.1. Ligand and Its Metal Complexes Characterization

The Supplementary Materials describe the detailed characterization of the ligand
metal complexes and the energy dispersive X-ray analysis of the modified cotton. This
section will discuss the main characteristics of the complexes and their interactions with
the cellulosic fibers.

UV-Visible Spectroscopy and Magnetic Susceptibility

Table 1 represent UV-visible spectroscopy and magnetic susceptibility of Schiff base
ligand and its complexes. The electronic spectra of the Schiff base ligand and its complexes
were recorded in dimethylformamide (DMF) solvent within the wavelength range of
200–700 nm. The electronic spectrum of the ligand is characterized by its absorption bands
at 311 and 370 nm. The highest energy band (lower wavelength) is assigned to π–π*
transitions, while the lowest energy bands can be assigned to n–π* transitions [29,30].

Table 1. UV–Vis spectral data of the ligand and its metal complexes and magnetic moment.

Comp. No. λmax (nm) Wavenumber (cm−1) Assignment µeff (BM)

HL
311 32,154 π → π* -
370 27,027 n → π*

Co (II)
complex

224 44,642 π → π*
3.99307 32,573 n → π*

481 20,790 4T1g → 4T2g (P)

Ni (II)
Complex

229 43,668 π → π*
2.7317 31,545 n → π*

452 22,124 3A2g → 3T2g

Cu (II)
Complex

219 45,662 π → π*
1.60306 32,679 n → π*

464 21,552 2B1 → 2Eg

Zn (II)
Complex

233 42,918 π → π*
Dia320 31,250 n → π*

380 26,315 MLCT

As illustrated in Figure 2, Co (II) complex (1) shows an absorption spectrum at 481 nm.
as a result of d-d transition for 4T1g → 4T2g (P) [31]. The magnetic moment value of Co (II)
complex equals 3.99 B.M. the low value may be due antiferromagnetic spin–spin interaction
between cobalt (II) ions (d7) through molecular association, which is in agreement with the
values of Co (II) octahedral geometry [30–32].

The absorption spectrum of Ni (II) complex (2) shows a band at 452 nm. as a result of
d-d transition for 3A2g → 3T2g [33]. The magnetic moment value of Ni (II) complex 2.7 BM
confirms the presence of two unpaired electrons in the octahedral geometry [34].
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Figure 2. UV-Vis spectrum of the ligand and its metal complexes.

The electronic absorption spectrum of Cu (II) complex (3) shows two bands at 464
and 620 nm. The first is assigned to the 2B1 → 2Eg transition, while the second is very
weak and broad centered at 620 nm. The position and the broadness of this band in-
dicated to tetragonally distorted octahedral geometry around the copper (II) ion. This
broad band may consist of three superimposed transitions 2B1g → 2A1g, 2B1g → 2A1g, and
2B1g → 2B2g [16,20]. The magnetic moment value of Cu (II) complex is 1.60 BM, which
suggests an octahedral geometry around the Cu (II) [35].

The electronic absorption spectrum of Zn (II) complex (4) shows a band at 380 nm,
assignable to the metal to ligand charge transfer (MLCT) transition. Finally, the Zn (II)
complex showed a diamagnetic value [35].

3.2. Characterizations of Cotton Fabric
3.2.1. Fourier Transform Infrared Spectroscopy (FTIR) Spectra

The FTIR spectrum gives an idea about the functional groups present in the macro-
molecules before and after the structural modification reaction. Figure 3 indicates the FTIR
spectrum of modified cotton fabric by ligand and its metal complexes via technique 1 and
technique 2. Figure 3 (T2, T1) indicates the FTIR spectrum of blank cotton fabric. A broad
band appears around 3320 cm−1, which can be attributed to (O–H) stretching. The existence
of (C–H), (C–O), (O–H), and (C–O–C) vibrations produced the characteristic bands in the
range of 1500–800 cm−1. The C- H symmetric and antisymmetric stretching was observed
at 2843 and 2904 cm−1, respectively [36,37].

Furthermore, the spectra of all treated cotton fabrics showed distinctive peaks related
to cellulose structure, as well as the addition of absorption peaks. According to Figure 3
(T2, T1), the stretching vibrations (C=N), and (N-M) (Nitrogen-Metal) were obtained for
the structural conformation of ligands and their respective metal complexes modified
cotton fabric. The FTIR bands were found to be slightly shifted for modified fabrics
as indicated by the stretching data of functional groups of the complexes mentioned in
Table S2 (Supplementary Materials).

In Figure 3 (T2), the band of (C=N) for ligand appeared at 1645 cm−1, which is a
distinctive characteristic feature of Schiff bases. After complexation, the peak of (C=N) was
shifted towards the lower frequency, i.e., 1621 cm−1 for Co (II) and Ni(II), 1625 cm−1 for
Zn(II) and Co (II) [38]. It was noticed from Figure 3 (T2), that the broader O-H band for
cotton-modified ligand and their nano metal complexes.
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Figure 3. FTIR spectrum of unmodified and modified cotton fabric with ligand and their metal
complexes via, (T2) technique 2 (in situ) and (T1) technique 1.

This may be due to the intermolecular hydrogen bond between terminal NH2 and OH
groups of Schiff base and primary (OH) groups of cellulosic cotton fabric [39] as shown
in Figure 4. The weak peaks at 590 and 455 cm−1 are slightly shifted comparing with
the blank cotton fabric are attributed to interactions between N-M (Nitrogen-Metal) and
O-M (Oxygen-Metal) suggesting that coordination has occurred during the modification of
cotton fabric [40]. In a similar way to technique 2, the same absorption peaks were observed
in technique 1 but with weaker intensity than technique 1.
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Figure 4. Schematic mechanism for deposition of Schiff base ligand metal complex on the surface of
cotton fabric.

3.2.2. XRD of the Modified Cotton

The crystalline structure of the unmodified/modified cotton fabrics was measured
by XRD diffractometer. The XRD of fabric samples of the two techniques are represented
in Figure 4. The diffraction peaks are detected at 2θ values of 15.2◦, 16.7◦, 23.1◦, and 34.7◦

related to the cellulose crystalline structure of all the samples [41].
XRD of the modified cotton fabric in the case of in situ formation (T2), and the fabric

coated with the previously synthesized complexes (T1) was investigated. The appearance
of the new peaks at 2θ value around 21◦. As shown in Figure 5, the 2θ peak values in situ
(L = 21◦, Co = 20.6◦, Ni = 20.8◦, Cu = 20.7◦, and Zn = 20.8◦). The missing of this peak in the
blank cotton fabric can be an indication of the successful interaction between the cellulose
chain of cotton fabric with the ligand and its metal complexes.
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Figure 5. XRD analysis of unmodified and modified cotton fabric with ligand and their metal
complexes via, (T2) technique 2 and (T1) technique 1.

The peak of 2θ value around 21◦ in technique 2 (in situ) is more intense than in
technique 1, and this may be due to the nano size causing more cutting of the cellulose
crystalline structure. This interaction between cellulose and ligand or its metal complexes
is due to the hydrogen bond formation. The interaction was formed by cutting off the
cellulosic intermolecular hydrogen bond and formation of a new hydrogen bond between
N and O (terminal –OH and–NH2 of ligand or its metal complexes) and the hydrogen atom
of the primary –OH groups of the cellulosic fabric [39,42,43].

3.2.3. SEM of Nanometal Complex Modified Cotton Fabric:

SEM analysis of the cotton fabrics was used to characterize the changes in the surface
morphology of the surface of cotton fabric [44]. Figure 6a–f are the SEM of the blank cotton
fabric, ligand, and nanometal complexes Schiff base treated cotton fabric, respectively. In
Figure 6a, the blank cotton exhibits a smooth and flat surface structure. In contrast, the
surface of cotton fabric coated with ligand in Figure 6b has fine particles and the surface
represents more rough. In comparing to figures (a and b), figures (c, d, e, and f) represented
the increase in surface roughness on the surface of the coated cotton fabrics. This result is
evidenced by the successful deposition of all metal-complexes Schiff base on the surface of
cotton fabrics.
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Figure 6. SEM images of (a) blank cotton fabric, (b) ligand modified cotton fabric, (c) Co-complex
Schiff-base-modified cotton fabric, (d) Ni-complex Schiff-base-modified cotton fabric, (e) Cu-complex
Schiff-base-modified cotton fabric, and (f) Zn-complex Schiff-base-modified cotton fabric.
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3.2.4. Antimicrobial Properties

Antimicrobial activities of synthesized HL modified cotton fabric and its metal Nano
complexes modified cotton fabric via technique 1 and technique 2 were studied for antibac-
terial and antifungal properties by disc diffusion method. The results were recorded by
measuring the growth inhibition (zone of inhibition) surrounding the disc of the fabric. The
result mentioned in Table 2 and Figure 7 indicated the antimicrobial effect for all treatments
is ranging from 13 to 31 mm of a clear zone of inhibition depending on the type of metal
complex used.

Table 2. Antimicrobial efficiency of unmodified cotton fabric, ligand, and ligand metal.

Complexes

Bacterial Species Inhibition Zone (mm)
Fungal Species Inhibition Zone (mm)

G+ G−

S. aureus E. coil Candida albicans Aspergillus flavus

Technique
2

Technique
1

Technique
2

Technique
1

Technique
2

Technique
1

Technique
2

Technique
1

Unmodified
Cotton Fabric 0 0 0 0 0 0 0 0

Ligand Modified
Cotton Fabric 10 10 9 9 0 0 0 0

Co Complex- Modified
Cotton Fabric 26 13 31 0.0 17 0 0 0

Ni Complex Modified
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Figure 7. Images of antimicrobial results of modified cotton fabric by nanometal complexes of Co(II),
Ni(II), Cu(II), and Zn(II) (a) Technique 2 and (b) Technique 1.

Cotton modified ligand (HL) has a weak effect on bacteria species and is not effective
on fungus species. Ligand metal complexes modified cotton fabric (from technique 1) show
moderate effect against S. aureus and E. coli bacteria except for Co (II) complex modified
cotton fabric has no effect. This may be due to variations in bacterial cell wall organization
structure. On the other hand, all the metal complexes modified cotton fabrics have no
effect against both Candida albicans and Aspergillus flavus except Ni (II) complex modified
cotton fabric.

In comparing with technique 1, nanometal complexes modified cotton fabric (from
technique 2) show high activity against both bacteria S. aureus and E. coli. In addition,
Co (II) and Ni (II) nanometal complexes modified cotton fabric show good efficiency against
Candida albicans but Cu (II) nanometal complexes give weak activity and Zn (II) has no effect.
All nanometal complexes modified cotton fabric show no effect against Aspergillus flavus.

The higher inhibition zone of ligand metal complex and nanometal complexes modi-
fied cotton fabric may be due to using the metal chloride and nanosize effect. It also can
be described according to the chelation theory and Overton’s concept. Overton’s concept
of cell permeability described that the lipid membrane surrounding the cell favors the
passage of only lipid-soluble materials due to which liposolubility is an important factor
that controls the antimicrobial activity.

According to chelation theory, when metal ion chelates with its ligand, the polarity
will be lowered to a higher extent because of the ligand orbital overlapping with the partial
sharing of the metal ion positive charge with the donor groups. This also increases the
delocalization of p-electrons across the whole chelate ring, which increases the lipophilicity
of metal complexes. This increased lipophilicity enhances the penetration of complexes
into lipid membrane and restricts the further multiplicity of microorganisms. The metal
complexes also affect the respiration procedure of the cell; hence, they block the synthesis
of proteins, which prevents the further growth of organisms [45,46].

The effectiveness variation of different compounds against different microorganisms
is determined by the impermeability of microorganisms’ cells or by differences in ribosome
of microbial cells. The results also depict that nanometal complexes modified cotton fabric
give higher activity against bacteria and fungus compared with metal–ligand complexes
coated cotton fabric. As illustrated from XRD and TEM analysis, all the complexes’ crystal
sizes are in the nano-domain. This nano character of the prepared complexes increased
the antimicrobial activity via facilitating penetration of nano-complexes into the microbial
cell [47]. The results of antibacterial demonstrated that the modified cotton fabric with
nanometal complexes will have potential applications in biomaterial and textile fields.
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3.2.5. UV Blocking

UPF values were measured to determine the UV-radiation protection characteristics
of untreated cotton fabrics and nano metal complexes modified fabrics. Three types of
protection can be found in textile materials, according to BS EN 13758-2: 2003: the excellent
protection (UPF range > 40), very good (UPF range 30–40), and good protection (UPF range
20–29) [37]. According to the results in Table 3, the calculated UPF value of unmodified
cotton fabric is 4.5. The calculated UPF value for nano complexes modified cotton fabric is
varied from 93.5 to 507.5, which is higher than for the unmodified fabric.

Table 3. UPF values of cotton fabric modified with ligand and its nanometal complexes.

Treatment UPF Value UV-A UV-B UV Protection

No. of washing cycle 1 10 1 10 1 10 1 10

Unmodified cotton fabric 4.5 4.1 26 28 18.8 20 Non-ratable Non-ratable

Ligand modified cotton fabric 117.5 115.3 0.6 0.64 0.9 0.95 Excellent Excellent

Co-complex modified cotton fabric 128.5 125.01 0.7 0.73 0.8 0.86 Excellent Excellent

Ni-complex modified cotton fabric 217.5 211.6 0.4 0.45 0.5 0.55 Excellent Excellent

Cu-complex modified cotton fabric 507.5 495 0.2 0.22 0.2 0.21 Excellent Excellent

Zn-complex modified cotton fabric 93.5 88 0.9 0.97 1.1 1.5 Excellent Excellent

The ligand modified cotton fabric has a 117.5 UPF value. On the other hand, there is a
significant increase in UPF values after the formation of nanometal complexes on cotton
fabric. It was noticed from the results in Table 3 that the value of UPF is varied according to
the type of metal used. The values of UPF of nanometal complexes modified cotton fabric
follow the order: Cu (II) > Ni (II) > Co (II) > Zn (II). The improving performance of ligand
modified cotton fabric and its nanometal complexes modified fabric could be attributed to
π–π* and n–π* transitions of the conjugated system [26].

The data of Table 3 shows the durability of the product during washing cycles. Ac-
cording to the obtained results, raising the number of washing cycles to 10 caused a small
decrease in the UPF values of the washed modified fabrics, and the fabric maintained
excellent rating. By this, we still have the protective property after several washing cycles.
This confirms the strong bending of nanometal complexes based on Schiff-base-modified
cotton fabric.

3.2.6. The Add-On (%) Loading and Tensile Strength

Table 4 shows the percentage of the values for add-on measurements and the mechan-
ical properties of chemically modified cotton fabric via two techniques used. The amount
of chemicals deposited on the cotton fabric during modification is indicated by the add-on
values. As presented in Table 4, the add-on values via technique 2 are higher than the
values via technique 1. The results present that the add–on values for modified cotton
fabric with the ligand is 2.01%, whereas a significant increase in add-on values varied from
3.71% to 6.99% for nanometal complexes modified fabrics via technique 2. Table 4 also
demonstrated the add-on values varied from 0.94% to 2.63% for metal complexes modified
cotton fabrics via technique 1. In contrast, Table 4 shows that there is a significant decrease
in the values of tensile strength for both techniques are used. This may be attributed to the
varied modification of cotton fabric.
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Table 4. Add–on measurements and tensile strength of the treated cotton fabric.

Treatment
Add On (%) Tensile Strength (Newton)

Technique 2 Technique 1 Technique 2 Technique 1

Unmodified cotton fabric 0 0 539 ± 1.04 539 ± 1.04

Ligand modified cotton fabric 2.01 ± 0.05 - 508 ± 0.2 -

Co-complex modified cotton fabric 4.02 ± 0.2 0.94 ± 0.2 484 ± 0.2 498 ± 0.3

Ni-complex modified cotton fabric 6.87 ± 0.3 1.59 ± 0.3 471 ± 0.3 493 ± 0.3

Cu-complex modified cotton fabric 6.99 ± 0.2 1.34 ± 0.2 469 ± 0.2 521 ± 0.2

Zn-complex modified cotton fabric 3.71 ± 0.3 2.63 ± 0.3 485 ± 0.3 494 ± 0.2

4. Conclusions

Co(II), Ni(II), Cu(II), and Zn(II) complexes from Schiff base (E)-4-(((4-aminophenyl)
imino)methyl)benzene-1,3-diol (HL) were successfully prepared. The structural features
of metal complexes have been proven. The ligand acts as monobasic bidentate. The
stoichiometry of the metal complexes is a 1:1 ratio with the general formula [M L Cl
(H2O)3] H2O. The magnetic susceptibility and UV-visible spectroscopy results support that
Co(II), Ni(II), Cu(II), and Zn(II) complexes have octahedral geometry. The synthesized
complexes from the Schiff base were also successfully deposited on the surface of cotton
fabric by the different two techniques of modification. Technique 2 (the in situ formation
of nano complexes) showed high efficiency against antimicrobial activity and durable UV
protection properties compared with technique 1.

The study revealed that the modification of the cotton with metal complexes caused
enhancement in antimicrobial properties with simultaneous improvement in the UV protec-
tive properties of the fabrics. The increased antibacterial properties of the modified fabrics
may be attributed to the effect of the metal chelation theory. The modified cotton fabric
showed acceptable antifungal against Candia albicans especially in the case of Co (II) and
Ni (II) complexes. The improvement of the UV protection values as a result to π–π* and
n–π* transition of the ligand and its metal complexes.

After the washing cycles, all the modified cotton fabric with metal complexes main-
tained UV protection properties. The results revealed that Schiff base divalent Co, Ni, Cu,
and Zn complexes are multifunctional textile finishes that could be promising as industrial
textile products.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/coatings12081181/s1, Figure S1: 1H NMR of Ligand (a) and
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Figure S5. TEM images of nano complexes (a) Co(II), (b) Ni(II), (c) Cu(II), and (d) Zn(II). Figure S6.
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