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Abstract 

Functionalize nano-architecture CaO/Ag-chitosan bio-nanoparticles were prepared by the acetic acid sol-gel process and were 

loaded into the chitosan nanocomposite. The so prepared bioactive nano-CaO/Ag-chitosan nanocomposite was characterized 

using XRD, TEM, FE-SEM, optical, and the antimicrobial activity was evaluated. The antibacterial evaluations implied that 

chitosan, nano-CaO, and nano-CaO/Ag-chitosan are exhibited subtle antimicrobial activities against both Gram-positive 

(Staphylococcus aureus) microbes and Gram-negative (Escherichia coli).Ag doping of CaO produces an oxygen vacancy, 

defects, and improved light scattering and so leads to transmission increase and absorption increase which in turn lead to 

increase of the bandgap energy. The optical conductivity of the nanocomposites decreased with Ag addition as a direct result 

of the bandgap increase. These prefatory investigations of the bio nanocomposites will open a good platform for their use in 

various bio-industries. 
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1.Introduction 

Metal oxide (MO) nanoparticles have recently gotten 

a lot of interest because of their potential applications 

in optoelectronics, catalysts, adsorbents, and 

bactericides [1–3].  

Because of their plentiful supply of raw materials, 

good thermal stability, low biological toxicity, and 

bio-degradability, MO nanoparticles have a wide 

range of applications [4, 5]. Nanostructures metals are 

a course of functional materials that have discrete 

physical and chemical properties that are subjective by 

their relative composition, scale, and structure. 

Generally, metal structures nano-sized have 

distinctive optical properties which makes them an 

ideal applicant for numerous applications [1]. 

Metal-organic composite (M-OC) can be obtained 

with the optimum combination of the high molecular, 

high oxidation resistance, and low density of the 

organic and the hardness of the metal oxides [6, 7]. 

Therefore, the M-OCs are accredited as applicants for 

water treatment, sensors, biomaterials, and catalysts 

applications [8, 9]. The use of metal oxide 

nanoparticles for drug delivery and water treatment is 

getting a lot of attention now [10, 11]. 

  As photocatalysts, metal oxides are desirable 

because of their cost-effectiveness, reliability, 

recyclability, and environmental friendliness [12]. 

The operation of metal oxides as an active 

photocatalytic is significantly improved by their 

structural compositions and surface defects. This due 

to that the doping of metal oxides with metal and/or 

metals raises surface defects, improves optical and 

electronic properties, and transfers optical absorption 

into the visible region[13–15]. To evolve the metal-

organic composites as good platforms for various 

applications, alkaline metal oxides have been well 

purposed as organic linkers with metal-organic 

composites because of their excellent structural, 

catalytic, and antimicrobial activities. 

The alkaline earth metal oxides working for the 

various chemical reaction and transesterification 

reaction survey the mandate of their activity:- BaO, 

AgO, CaO, SrO, MgO; …etc [16–19].  

Unique metal oxides either establish low activity 

and/or leaked out into the reaction combination to 

cause the uniform contribution in the catalytic 

activity[16]. To improve both the reactivity well as 

stability, mixed metal oxides of various alkali earth 
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oxides were synthesized and employed for the active 

chemical reactions. The active centers in the catalysts 

reactions are either oxide ion or permeated metal 

oxide or the different defects created because of metal 

impregnation [16]. 

Silver is probably considered the most noteworthy 

material in biological and plasmonics. It offers 

numerous advantages over Cu, Pd, Au, and other 

metals to maintenance surface plasmons in the visible 

and the near-infrared regions of the electromagnetic 

spectrum [20].Ag, as related with other metals, is 

exclusive for its excellent features in terms of 

available nanostructures, plasmonic ability, 

conductivity, eco-friendly, and material cost. Silver 

has the best thermal and electrical conductivity 

amongst all metals, which makes it an ideal applicant 

for electrical interconnection. Silver can produce a 

region of electric field and enhance the electrical 

properties through surface Plasmon,s optical 

vibration[21]. 

Ag doping of MO matrix causes oxygen vacancies, 

crystal faults, and increased light scattering, and all of 

which lead to an increase of MO NPs' electrical, 

optical, and photocatalytic performance[1]. Since the 

radius of Ag+(0.126 nm) is greater than that of most 

other metals, Ag atoms can occupy substitutional 

instead of interstitial sites if doped within the MO 

matrix [1]. Furthermore, since Ag dopant has a 

detrimental effect on metal oxide grain growth [22, 

23], Ag doping can result in a reduction in particle 

size. So, a nanocomposite with smaller particle sizes 

can be obtained, and then a greater interaction 

between MO and the whole matrix will exist [1].  

Chitosan is one of the abundant bio-polymers is based 

on their linear bio-polyamines-charade obtained by 

alkaline deacetylation of chitin [24]. 

Chitosan (CS) is a promising organic biomedical 

natural polymer with a variety of applications due 

to its non-toxicity, water-solubility, 

cytocompatibility, bio-adhesive, and absorption-

enhancing features[25]. CS is solvable through the 

acidic solutions, and its complete solubility is affected 

by the degree of the deacetylation, used acid, and the 

molecular weight to protonate their amino group. CS 

easily interacts with surfaces with negative charges 

such as proteins and anionic polysaccharides due to its 

linear polyelectrolyte chain with a high cationic 

charge level[19]. The structure of CS is close to that 

of hyaluronic acid and glycosaminoglycans found in 

the human body. Because of the abundance of strongly 

reactive –NH2 groups, CS is highly vulnerable to 

chemical functionalization[26]. The CS 

biocompatibility is asserted by the certainty that it is 

tainted in vivo by the lysozyme, which yields N-

acetylglucosamine, an important constituent of casing 

keratin protein. Because of its strong aqueous 

solubility, CS can be made into several structural 

types such as nanoparticles, nanofibers, and gels[27]. 

The aldehyde and hydroxyl groups in the loaded metal 

sols may form a Master base with the amino group of 

chitosan and the phenolic hydroxyl might format 

hydrogen chains with chitosan to found adherence 

network structures of nano or microspheres [27–29]. 

A nanocomposite is a type of advanced material that 

incorporates nanosized particles into the matrix to 

improve its properties[30]. This is because nanoscale 

building blocks can be used to develop and produce 

new materials with unparalleled precision and 

enhanced properties[6]. Polymer nanocomposites 

have a variety of uses in recent decades, the majority 

of which are in the automotive field. In comparison to 

pure polymer, adding nanoparticles to the polymer 

matrix improves the properties of the 

nanocomposites[31]. 

 

CaO nanoparticles are one of the successful nano-

filler employed in the fabrication of hybrid 

nanocomposite arrangements, owing to their 

homogenous nanoparticles size and sizeable 

penetration within the polymer layers [32].  The 

chemical polymerization sol-gel route is the strategic 

technique for the fabrication of films, nanoparticles, 

and porous ceramics based on inorganic molecules 

[11, 14, 33]. For fabrication of the chitosan 

nanocomposite with nano-Ca and nano-Ca/Ag ions-

promising properties, the nanofillers should offer a 

small distribution in diameter size and highly 

dispersed in the chitosan matrix[34]. 

This study was expected to develop a nano-CaO-

chitosan nanocomposite and loaded with Ag 

nanoparticles prepared via the acetic acid sol-gel 

process. The insertion of nano-CaO and nano-

CaO/(0.0-0.6 wt.%) Ag into a chitosan matrix using 

the acetic acid sol-gel is an amended study. Then, the 

nano-architecture of CaO/Ag-chitosan 

nanocomposites is characterized with XRD, TEM, 

and FE-SEM. It is thought that the variation in a 

surface polarity match between CaO and chitosan can 

observe the proper bio-compatibility of nano-CaO/Ag 

NPs with chitosan matrix. Finally, both the optical 

property and antimicrobial tests of the as-prepared 

nano-CaO/Ag -chitosan nanocomposites are studied 

in detail. 

 

2. Experimental work 

2.1.  Materials 

Chitosan (deacetylation degree =90 %, viscosity=50– 

800 mPa·s; Mw =193 kDa, China) Calcium and silver 

nitrates (Ca(NO3)2 and AgNO3) were purchased 

from Sigma. Acetic acid (CH3CO2H, 

Sigma),ethylamine (C2H5NH2, ≥97.0%, Sigma)and 

Distilled water. 
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2.2. Preparation of nano-CaO/Ag NPs-chitosan 

nanocomposites 

The nano-CaO/Ag NPs-chitosan composites were 

prepared by a chemically acetic sol-gel process at 50 
oC. 

(a)  The nano-CaO/(0.0-0.6 wt.%) Ag was 

prepared at first. Typical amounts of calcium nitrate, 

silver nitrate, and acetic acid were dissolved in the 

used solvent of ethylamine (20 mL) distilled water (25 

mL) under magnetic stirring for 35 min at 50 oC. Then 

the nano-CaO and nano-CaO/Ag sols were aged into 

dark glass potters at 50 oC for 24 h before insertion 

into the chitosan matrix. 

(a)   3 g chitosan was dissolved in 150 mL of distilled 

water/ 5 mL acetic acid under vigorous stirring at 50 
oC, followed by adding 0.6 mL of freshly prepared 

nano-CaO sol under magnetic stirring for 30 min. 

Then, the formation of nano-CaO-(0.2-0.6)Ag was 

loaded in the chitosan matrix at 50 oC. Upon, the 

addition of Ag NPs, the reaction mixture was 

converted to a nearly unclear yellow color, indicating 

the formation of nano-CaO/Ag NPs-chitosan 

composite. After the continuous stirring for 30 min, 

the solution was cooled to room temperature and 

casting in Petri dishes. Finally, the prepared 

nanocomposites were dried at 50 oC, washed with 

distilled water, and dried at 50 oC for 15 min. 

 

2.4. Characterization 

X-ray diffraction (XRD, MPDDY-2094, Netherlands) 

measurement was used to study the phase assembly of 

the nano-architecture of CaO/Ag-chitosan 

nanocomposites samples, performed on an X-ray 

diffractometer at (30 kV and 25 mA) with copper (Kα 

at λ = 1.5406 nm). The occurrence of phases has been 

branded with the JCPDS data files in Pcpdfwin-

software.  

Transmission electron microscopy (TEM) was willful 

at a quicker voltage of [200 kV] by transmission 

electron microscopy using (Tecnai(F20 S)-Twin). The 

nanocomposites were isolated in ethanol/ glycerin 

(1:1), and small droplets of suspensions were placed 

on the carbon-coated copper grids for direct 

observation. 

Scanning electron microscopy (SEM) images were 

passed out through a Philips [EM 420 (200 kV)] to 

investigate the local surface morphology. The samples 

were placed in the specimen holder, sputter-coated 

with a thin layer of gold, and checked using a scanning 

electron detector at an accelerated voltage of 15 kV. 

 

The optical reflectance and transmission spectra were 

considered by a Jasco V-570 spectrophotometer over 

the wavelength range (0.2-2.5 µm). Refractive index 

(n) up 500 nm of nano-CaO-chitosan and nano-

CaO/Ag-chitosan nanocomposites samples were 

calculated optically.  

 

Antimicrobial Activity  

The antibacterial activity for the prepared 

nanocomposites was carried out via the agar diffusion 

method through employed various pathogenic 

microorganisms such as (Staphylococcus aureus) as a 

model of Gram-positive Bacteria, (Pseudomonas 

aeruginosa) as the model of Gram-negative Bacteria 

and (Candida albicans and Aspergillusniger) as 

models of fungal species. The Antibacterial efficacy 

media used for the antibacterial testing of the chitosan 

nanocomposites under study have the following 

compositions (g/l):- Nutrient agar medium:- peptone 

5.0, D-glucose 5.0,  NaCl 5.0, meat extract 5.0,  and 

agar 20, pH was adjusted to 7, exerted for the growth 

of bacterial strains. 

 

Antimicrobial potential Assay  

The antibacterial activity of Ag/Ca chitosan 

nanocomposites was evaluated through the disc 

diffusion method by using the above test organisms. 

Ag/Ca chitosan nanocomposite samples were formed 

into disc shapes of 15 mm diameter and UV sterilized 

for 2 hours, then placed over the agar surface plates 

freshly inoculated with the test microorganisms 

(Nutrient agar medium for bacterial strains). The 

Petri-dishes were saved in a refrigerator for one hour 

to authority the homogenous diffusion of the 

antibacterial agent before the growth of the test 

microorganisms and then plates were incubated at 37 

°C for 24 hours. The surface of the solidified agar 

plates was allowed to dry in an incubator before the 

streaking of microorganisms onto the surface of the 

agar plates. This test was repeated three times. The 

presence of a clear inhibition zone around the 

nanocomposite sample in the immunized Petri-dishes 

is a signal of the antibacterial activity of nano-Ag/Ca 

chitosan nanocomposite[35–37]. 

 

3.Results and discussion 

3.1. Electrostatic attraction during acetic sol-gel 

polymerization 

The chemical strategy for making nano-CaO/(0.0-0.6 

wt.%) Ag introduced in the nano-CaO-chitosan matrix 

is offered in Fig.(1). The two-steps chemical 

procedure was used, outset from the nano-CaO/Ag 

nanoparticles followed by in-situ polymerization in 

the chitosan solution. 

The loading of nano-CaO and nano-CaO/Ag inside 

chitosan walls was formed using the in-situ 

polymerization via the poly-condensation in the acetic 

sol-gel process. The preparation of nano-CaO and 

doped with Ag NPs through the formation of covalent 

and -OH linkages from the reaction of Ca with Ca or 

Ag in the sol-gel reaction at 5o0C [4, 15, 38, 39], as 

manifested in Fig. 1. 

The reactions of Ca and Ca/Ag cross-linking are may 

be due to the formation of a good cyclic hydrate 

intermediate between adjacent (Ca-O-Ca-O-OH), 



 Amany M. El Nahrawy et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7396 

(Ca-O-OH), and (Ca-O-Ag-O-OH) groups in liquid 

sol as a function of changes in Ag concentrations [40].  

Additionally, the introduction of a higher 

concentration of Ag NPs will lead to ionic substitution 

by incorporation of Ag atoms in the Ca structure and 

form ions into the form of Ag-O-Ca and Ca-O-Ag-O-

OH. These tendencies in the preparation of various 

nanoparticles formed by the sol-gel method were 

reported[41–44]. 

Generally, the doping method is thought the more 

effective way to increase and proved highly efficient 

nanosystems with structural, optical, and bio-

responses [25, 45]. 

Then, the nano-Ca and Ca/Ag sols are familiarized to 

allow the multi-reactions of the hydroxyl groups of the 

chitosan as a polysaccharide through their ring-

opening and/or the inner-collapses, followed by 

rearrangement and formation of a homogeneous 

crosslinking with the elimination -OH groups via the 

loading Ca and Ca/Ag NPs in chitosan matrix. The 

chitosan matrix played an essential role in the 

formation reaction allows the chemical reduction of 

Ag, and it similarly served as a good stabilizing agent 

for nano-Ca/Ag NPs during the polymerization. 

Firstly, both nano-Ca and nano-Ag ions were chelated 

to the (-NH2) groups into the chitosan chain, and 

subsequently were formed complex nano-architecture 

nano-CaO/Ag-chitosan nanocomposites a company 

with excess of -OH and -NH2  groups during the 

polymerization condition, as illustrated in Fig.1. 

Herein, Both Ca and Ca/Ag ions are the hydrophilic 

segments of the surfactant arranged along its chitosan 

chains,  thus, were associated with the elimination of 

water molecules, and others solvents cover the 

surfaces of the nanocomposites with hydrophobic 

segments. 

Consequently, the bio nano-CaO NPs were activated 

by the interactions between the nano-Ca/Ag and the 

functional groups of chitosan molecules with 

increasing Ag atoms on the nanocomposite surface. 

 

 

 
Fig 1.Schematic illustration of the procedure for the preparation of nano-CaO sol and nano-Ca/Ag-chitosan 

nanocomposites. 

 

3.2. XRD 

The crystalline phase of the prepared nano-

architecture CaO-chitosan and loaded with (0.4, 0.6 

wt%) Ag nanocomposites were predictable by the X-

ray diffraction through comparing their X-ray results 

to the standards with the collective Committee on 

Powder Diffraction Standards; JCPDS. From the X-

ray observation in Fig. 2, the common X-ray pattern 

of chitosan matrix showing broad peaks for its 

crystalline nano-CaO-chitosan nanocomposite, nano-

architecture CaO-Chitosan nanocomposite, and 

loaded with (0.4, 0.6 wt%) Ag show broader peaks at 

2θ = 11°, 23°, 32 and 42°, indicating higher cross-

linkage between chitosan and nano-CaO/Ag and good 

crystalline phase [18, 39, 46]. 

The primary crystalline at (32.4◦) for CaO was 

increased upon loading Ag indicating structural 

ordering[32]. The transformation in XRD spectra for 

nano-Cao-chitosan undergo the effect of Ag loading 

can be ascribed to orthorhombic phase- calcium oxide 

(78-0649) and Chitosan (40-1517). Where the 

crystalline structure of chitosan-based 

nanocomposites depends on their degree of 

deacetylation[47]. 

Also, when the affine content of nano-CaO is 

supported with Ag NPs within the chitosan matrix,  

the evaporation of -OH and solvents results in a higher 

degree of semi-crystallization of the formed phases. It 

is observed that semi-crystalline phases of the CaO-

chitosan nanocomposites the internal structure with 

amorphous structure trend were in agreement with 

reported modified chitosan-based systems [48–50]. 
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Fig. 2. XRD spectra of nano-CaO-chitosan nanocomposite loaded with Ag NPs. 

 

3.3.TEM/SEM  

Both pure nano-CaO-chitosan and loaded with nano-

CaO-0.4 Ag-chitosan are chosen as the two 

representative samples to study the morphological 

characteristics by TEM and Fe- SEM, as manifested 

in Fig.(3). The main evidence of the internal structure 

of nano-CaO and nano-CaO- 0.4 Ag into chitosan 

polymer matrix are confirmed with TEM images Fig. 

3(a, b), which are appears the existence of Ca and 

Ca/Ag nanoparticles. Fig. 3(a, b) seen that the formed 

sol-gel Ca and Ca/Ag NPs are uniformly dispersed in 

the entire chitosan matrix with a spherical shape. Also, 

there is some nano-Ca/Ag NPs agglomeration is 

observed in the TEM images. 

The two FE-SEM images of the nano-architecture 

CaO-chitosan without Ag and with 0.4 Ag are 

manifested in Fig. 3 (c, d) at 15 Kv. The micrographs 

of the two nanocomposites samples confirmed the 

smooth and homogeneous intromission of nano-CaO 

and nano-CaO/0.4 Ag into the graft chitosan 

biopolymer matrix with the fine distribution. 

 

3.4. Optical discussion 

As stated by the band principles of solids, only 

discrete energy levels are possible for electrons in 

isolated atoms, but after the atoms are got alongside 

as in crystalline materials, such degenerate energy 

states are modified to many individual levels on 

account of atomic connection. Since the levels are so 

tightly segregated, they could be viewed as a 

continuous band of allowable energy states. The two 

bands with the top energy are the valence band and the 

conduction band. These bands are apart by a zone that 

shows the prohibited energy levels in the solid known 

as the gap or bandgap[51]. It also shows the energy 

change among the optimum energy of the valence 

band and the minimum energy of the conduction band. 

The energy of the forbidden band can be determined 

by measuring the absorption of light as a function of 

the energy of the photon (hv) [52]. Light is only 

strongly absorbed if it is greater than the energy gap. 

The energy from the absorbed photons is used to 

create a pair of electrons and holes. If hv is lowered 

below the energy gap, the sample becomes transparent 

to light [53]. 

The measured transmittance (T) and the reflectance of 

the samples are presented in Fig.  41. It shows that the 

transmittance nearly didn’t affect by wavelength 

change. The addition of Ag ions leads to an increase 

in transmittance. The addition of 0.4 Ag led to an 

increase of it by about 7 times from its original value. 

However, at the same time the reflectances (R) exhibit 

a neglected value with no change by wavelength 

change. Semiconductors doping with gold (Au), 

palladium (Pd), silver (Ag), etc. gets a significant 

outcome on their photoactivity[54]. Silver (Ag) 

doping is the most effective choice to obtain the 

demanded benefits due to its strength to develop an 

electric field site and boosted electrical properties 

through surface Plasmon optical vibration [54]. Ag 

doping produces a vacancy (oxygen vacancy), defects, 

and improved light scattering that increase the 

efficiency of photoactivity of semiconducting 

nanoparticles[54]. 

Accordingly, the absorption coefficient (α) can be 

calculated from the measured T and R values [55].  



 Amany M. El Nahrawy et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7398 

 
Fig. 3.TEM images of (a) nano-CaO-chitosan, (b) nano-CaO/0.4 Ag-chitosanand(c, d) FE-SEM at 15 Kvfor the 

same samples. 

 
 

Fig. 4. Transmittance and the reflectance spectra of nano-CaO-chitosan and loaded with Ag-NPs. 

 

 

The absorption coefficient (α) specifies how much 

light of a given wavelength can pass into a substance 

before being absorbed. The absorption coefficient is 

determined by the substance as well as the wavelength 

of energy absorbed. For all of the films analyzed, the 

absorption coefficient was measured at the absorption 

edge at varying photon energies and known the 

thickness (d) employing the next formula [56]: 

α = (1 𝑑⁄ ) ln((1 − R)2 T⁄ ) 
The absorption coefficient, Fig. 5 (a), shows a value 

decrease with Ag addition. An absorption peak is 

observed at about 284 nm and it slightly shifts to a 

lower wavelength with Ag addition, i.e. shifted to 281 

and 279 nm with the addition of 0.2 and 0.4 wt.% Ag. 
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This shift in absorption peak position is attributed to 

the addition of Ag in the composite matrix [57]. This 

will lead to an increase of the nanocomposites 

bandgap with Ag addition as shown in Fig. 5(a, b (I, 

ii, iii, and v)) [57].  

This increase of the optical bandgap of the composites 

with silver incorporation is owing to the induced 

bandgap renormalization effect [58]. The 

renormalization of the bandgap is developed because 

of the happened exchange interaction (sp-d) in-band 

electrons and contained d-electrons of (Ag+) [54]. 

After the promising exchange interaction, there will 

be a modification in the bandgap of Ag-doped 

composites concerning pure one [54]. Lopez-Badillo 

et al. [59] observed that as the Ag content increase, the 

amount of absorbed oxygen is accordingly increased, 

and this increase of absorbed oxygen causes leakage 

of oxygen-vacancies which strenuous the path of 

electrons from the valance band; VB to the conduction 

band; CB[59]. When the concentration of oxygen 

vacancies is decreased, impurity states become less 

delocalized and this leads to an increase in the 

composite bandgap [54].  

 
Fig. 5 (a). The absorption coefficient of nano-CaO-chitosan and loaded with Ag-NPs. 
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Fig. 5. (b) Indirect and (c) direct gap transition of nano-CaO-chitosan and loaded with (i) 0.0 wt.%, (ii) 0.2 wt.%, 

and (iii) 0.4 wt.% Ag, respectively. (v) shows the change of bandgap energy with Ag content. 

 

Tauc's extrapolation technique is used to quantify the 

energy bandgap. The absorption coefficient is related 

to the energy band gap by Tauc's relation defined as 

[60]:  

(𝛼ℎ𝜈) = 𝐵(ℎ𝜈 − 𝐸𝑔)
𝑎 

Here, B is a constant factor, a is an index that defines 

the origin of the electronic change accounting for 

optical absorption whereas direct or indirect (1/2 and 

2), hv is the photon energy, and Eg is the optical band 

gap, and hv is the light energy [61].  

Also, Fig. 5 (b, c) indicates that the prepared 

nanocomposites undergo both direct and indirect gap 

transition and the direct type is the more probable type 

[62, 63].  

As a result of the bandgap increase with Ag addition, 

the optical conductivity (or the photoconductivity) of 

the nanocomposites shows a decreasing behavior as 

represented in Fig. 6. 

The refractive index, n, shows no change with 

wavelength increase as in Fig. 7. Also, the figure 

shows a slight increase of refractive index with Ag 

addition. 

 

 
Fig. 6. Photoconductivity spectra of nano-CaO-chitosan and loaded with Ag-NPs. 
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Fig. 7. Refractive indices of nano-CaO-chitosan and loaded with different concentrations of Ag-NPs. 

 

3.5. Bacterial sensitivity of Ag/Ca chitosan 

nanocomposites 

Table (1) presents the clearing inhibition zoon caused 

by Ag/Ca chitosan nanocomposite. The diameters 

zone around samples (CS, CS/Ca 0.2 Ag, CS/ Ca 0.4 

Ag AndCS/ Ca 0.6 Ag) are:- (10, 11, 13 and 14 mm) 

for Staphylococcus aureus, (13, 12, 15 and 14 mm) for 

Pseudomonas aeruginosa, (9, 10, 11 and 10 mm) for 

Candida albicans and (2, 3, 2 and 2 mm) for 

Aspergillusniger. 

The table demonstrates the inhibition zones that 

resulted in the agar plate later 24 h. The formed 

diameters of the inhibition zones were changes with 

Ag contents in the nano-CaO/Ag-chitosan 

nanocomposites. The antimicrobial activity of the 

synthesized Ag/Ca chitosan nanocomposite was 

confirmed by the presence of a clear inhibition zone 

appears around the sample, in which consequently the 

pathogenic microorganisms were attacked by 

nanoparticles and enhanced the antimicrobial activity 

against different microbial species. Generally, the 

influence of the samples on the (gram-positive, gram-

negative) bacteria and fungal species is comparable in 

terms of Ag/Ca chitosan nanocomposite samples. 

Substantially, for Ag/Ca chitosan samples, the 

increase in Ag/Ca concentration lead to an increase in 

the clearing inhibition zone around samples, while the 

clearing inhibition zone was slightly decreased in (CS/ 

Ca 0.6 Ag) sample which has the maximum 

concentration of Ag/Ca. This behavior was mainly 

attributed to the resistance feedback mechanism 

formed by microorganisms against the Ag/Ca after a 

certain concentration. 

 

Table (1): Bacterial sensitivity of Ag/Ca chitosan nanocomposite. 

 

 

Chitosan is a linear polysaccharide consist mainly of 

randomly distributed poly(b-1-4)-2-amino-2-deoxy- 

D-glucopyranose, and it can be earned from the 

deacetylation process of chitin. Each glucosamine 

monomer has amine and two hydroxyl groups act as 

active functional sites. Therefore chitosan is 

considered as a natural biopolymer that possesses 

good antimicrobial performance versus many 

  zone (mm)  
Sample  

 
Aspergillusni

ger 

Candida albicans Pseudomonas 

aeruginosa 

Staphylococcus aureus 

2 

3 

2 

2 

9 

10 

11 

10 

13 

12 

15 

14 

10 

11 

13 

14 

CS 

CS/Ca 0.2 Ag 

CS/ Ca 0.4 Ag 

CS/ Ca 0.6 Ag 

 

https://en.wikipedia.org/wiki/Polysaccharide
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microorganisms such as Gram-positive and Gram-

negative bacteria, fungi, and yeast. Many 

modifications such as physical and chemical 

modifications can be carried out to chitosan to 

increase its antimicrobial performance. Various 

possibilities responsible for antimicrobial activities 

have been recommended for chitosan, from junction 

to bacterial DNA which results in an inhibition of 

mRNA, to interact with surface molecules [64, 65]. A 

different hypothesis suggests that chitosan adheres to 

the membrane of bacteria and perturb it [66]. Several 

mechanisms responsible for antimicrobial activities 

have proposed but the most acceptable one is that the 

polycationic constitution of chitosan is owing to the 

occupancy of amine groups presented in glucosamine 

and might be a key feature to its capability to associate 

with negatively charged surface components of 

various microorganisms, making large changes to the 

cell exterior, reaching to damage of intracellular 

substances which cause cell death [67]. M Mesgari et 

al reported that the composition of chitosan and 

metallic nanoparticles (Titanium dioxide) can be 

utilized as a functional approach in antimicrobial 

packaging systems [68]. C. López-Badillo et al 

reported that CaO nanoparticles doped with  Ag at 

different concentrations can increase the antimicrobial 

activity of the CaO nanoparticles toward S. aureus and 

E. coli for Growth kinetics [69]. S Mallakpour and M 

Okhovat synthesis a set of biocompatible 

nanocomposites composed of hydroxyapatite, 

chitosan, and tragacanth gum with different 

percentages of ZnO NPs and ZnO Ag NPs as fillers 

into the chitosan and tragacanth gum blend. they 

aimed to evaluate the antibacterial activity of these 

composite against Staphylococcus 

aureus and Escherichia coli bacteria. Commonly, the 

antibacterial activity of the biocompatible 

nanocomposites including ZnO/Ag NPs is more major 

than that containing ZnO NPs [70]. 

 

Conclusions 

A successful study on the nano-CaO–chitosan and 

nano-CaO/Ag–chitosan nanocomposites have been 

made that are resulting from the acetic sol-gel process 

and polymerization. The Ag NPs concentration 

leverages on these nanocomposites are accomplished 

and their configurations are also characterized based 

on XRD, TEM, and FE-SEM techniques. The 

prepared nanocomposites undergo both direct and 

indirect gap transition and the direct type is the more 

probable type. The indirect energy gaps values were 

3.01, 3.14, and 3.36 eV, and the direct energy gap 

values were 1.99, 2.17, and 2.71 eV for 0, 0.2, and 0.4 

Ag+ loading, respectively. The refractive index has a 

value of about 1-1.1 with nearly no change with the 

wavelength change. A slight increase of refractive 

index with Ag addition was observed. Antimicrobial 

assay and clearing inhibition zone around Ag/Ca 

chitosan samples shows the influence of the 

synthesized samples against the growth of various 

pathogenic microorganisms such as (Staphylococcus 

aureus) as a model of Gram-positive Bacteria, 

(Pseudomonas aeruginosa) as a model of Gram-

negative Bacteria and (Candida albicans and 

Aspergillusniger) as models of fungal species. 

Antimicrobial assay results confirmed that the sample 

(CS/ Ca 0.4 Ag) from the prepared Ag/Ca chitosan 

nanocomposite samples can be used successfully as an 

Antimicrobial agent. 
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