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ABSTRACT 

ZnO nanoparticles can have their size, crystalline phase and aggregation inhibited by the biocompatible polymer 

chitosan. The production of ZnO nanoparticles with chitosan assistance was carried out using Sol-gel methodology. The 

nanoparticles have been studied using XRD, TGA, Surface analysis and HR-TEM. According to the findings, ZnO 

nanoparticles have a hexagonal shape and a particle size of roughly 91 nm. The synthesized nanoparticles exhibit improved 

photocatalytic activity for reactive dyes for Congo red when exposed to sunlight. The Langmuir-Hinshelwood (L-H) model 

revealed that the kinetics followed a pseudo-first-order. Additionally, the antibacterial activity was tested against the gram-

negative Escherichia coli bacteria. 
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1. INTRODUCTION  

Water pollution is a major problem due to the 

rapid development of science and technology, 

particularly in developing countries (Jothivenkatachalam 

et al. 2015; Giri et al. 2011). Large amounts of water are 

needed by many industries, including the chemical, 

petrochemical, pharmaceutical, textile and printing 

sectors. Huge amounts of wastewater are also released 

into the environment. Dye waste is a major hazardous 

pollution that cannot be broken down by nature, 

irreversibly damaging the ecology. Moreover, standard 

conventional procedures are inadequate for treating dye 

effluent due to the vast quantity of aromatic compounds 

and the stability of dye molecules (Lv et al. 2011; Suresh 

et al. 2013). Due to the production of active hydroxyl-

free radical (•OH) as a primary byproduct of the 

irradiation of semiconductor materials, heterogeneous 

photocatalysis has been demonstrated to be a successful 

advanced oxidation technology for the full mineralization 

of hazardous organic compounds. Zinc oxide is a kind of 

wide band gap semiconductor (3.37 eV) having higher 

electron mobility as well as higher strength among the 

metal oxides (Xiao et al. 2014). The main advantage of 

ZnO lies in its appreciable good gas-sensing property, 

photocatalytic activity, antibacterial activity, optical 

property, low cost, etc. (Lv et al. 2011; Giri et al. 2011). 

The photocatalytic mechanism is mainly based on the 

formation of electron and hole pairs that are capable of 

removing organic dyes upon light illumination. Efforts 

have been made by many researchers to effectively 

increase the catalytic activities of semiconductors 

(Rajbongshi et al. 2015). The literature survey has shown 

that semiconductor-supported materials widely enhance 

photocatalytic activity because of their controllable pore 

space and surface chemistry, as well as photo stability 

(Suresh et al. 2013; Ambrozic et al. 2011). Congo red is 

an anionic azo dye and its IUPAC name is disodium 4-

amino-3-[4-[4-(1-amino-4-sulfonato-naphthalen-2-yl) 

diazenylphenyl] phenyl] diazenyl-naphthalene-1-

sulfonate.    

 

Fig. 1:  Structure of Congo red 

Congo red’s molecular formula is 

C32H22N6Na2O6S2 with a molar mass of 696.66 g/mol, 

and its molecular structure is shown in Fig. 1. Congo red 

is water soluble, giving a red colloidal solution; its 

solubility is better in organic solvents. It has a strong 

affinity towards cellulose fibers (Gao et al. 2015). 

However, the use of Congo red in the cellulose industries 

such as cotton textile, wood pulp and paper has long been 
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abandoned, primarily because of its toxicity and 

metachromatic property. Chitosan (CS) is an interesting 

biopolymer for immobilization due to its excellent film-

forming ability, high permeability, good mechanical 

strength, nontoxicity, biocompatibility, low cost and easy 

availability (Jayaseelan et al. 2012; Han et al. 2015; 

Zhang et al. 2007). The binding ability of chitosan was 

attributed to the chelating groups such as –NH2 and –OH 

with metal. The different chitosan composite materials 

such as Chitosan/TiO2 (Yang et al. 2014; Han et al. 2015; 

Gao et al. 2015; Rajbongshi et al. 2014; Marschall et al. 

2013; Zhang et al. 2007; Rajbongshi et al. 2015; Ali et 

al. 2012), Chitosan/Cuprous oxide (Chen et al. 2008), 

Chitosan/CdS (Xu et al. 1997)  and Chitosan/ZnO (Xu et 

al. 1997; Chatti et al. 2007; Lin et al. 2014; 

Jothivenkatachalam et al. 2014; Nithya et al. 2014; 

Sudheesh et al. 2012; Zainal et al. 2009; Nawi et al. 

2010) were prepared for the application of antibacterial 

agent, biosensor and photocatalyst to remove organic 

pollutants. The present investigation deals with the 

synthesis of Zinc oxide nanoparticles using a Chitosan 

biopolymer, its characterization and application on 

photocatalysts and antibacterial activity. The 

photocatalytic experiment on the degradation of 

Rhodamine B (RhB) and Methyl orange (MO) was 

carried out under irradiation of solar and visible light. 

Antibacterial activity for the nanoparticles was 

performed using the gram-negative Escherichia coli 

bacteria (Ru et al. 2009). 

2. EXPERIMENTAL METHODS 

2.1 Materials 

Zinc acetate dihydrate, tungstic acid, chitosan, 

glacial acetic acid, sodium hydroxide, glacial acetic acid 

and sodium chloride used were of analytical grade. All 

the solutions were prepared with double distilled water. 

Congo red (anionic dye, MW=696.66 g/mol) of 

analytical grade was used for photocatalytic reaction. 

Nutrient Agar (NA) and Mueller–Hinton Agar (MHA) 

for the cultivation of bacteria were obtained from Hi-

media, India. Standard microbial strains of E. coli 

(MTCC 1687) were procured from the Institute of 

Microbial Technology, Chandigarh, India. 

2.2 Synthesis 

The ZnO was prepared by Sol-gel method using 

zinc acetate and sodium hydroxide precursors. 50 ml of 

0.12 M Zinc acetate was added into 50 ml of 0.5 M 

sodium hydroxide solution under constant stirring at 

room temperature for 2 h. The obtained white precipitate 

was centrifuged and washed several times with water to 

remove unreacted precursors and then dried at 80 °C for 

5 h. Chitosan-ZnO (CS-ZnO) nanocomposite was 

prepared by mixing 20 ml of 1 % chitosan in 0.1 M of 

CH3COOH and 8 ml (0.2 M) NaCl and stirring 

continuously overnight to dissolve the chitosan. As-

prepared ZnO (0.2 M) was kept in contact with the 

viscous solution and stirred continuously for about 24 h 

at 700 rpm. Then, the mixture was centrifuged and the 

supernatant was separated. The solid residue was filtered 

and washed several times with water to avoid excess 

acetic acid, and then dried at 80 °C for 5 hrs. 

2.3 Characterization 

Powder XRD data was collected via Philips PW 

1710 Diffractometer with Cu-Kα radiation (k = 1.5406 

A˚) and graphite monochromator, operated at 45 kV; 30 

mA and 25 °C. The amount of free water was determined 

by TGA, which was performed on a Mettler TA 3000 

Thermal analyzer under a nitrogen atmosphere at a 

heating rate of 5 °C min-1 with a sample weight of 3–5 

mg. DSC measurements were performed on a Mettler 

Toledo STARe system to scan the synthesized material 

under a dry nitrogen atmosphere in an unsealed alumina 

pan. The size and shape of the nanocomposites were 

analyzed using TECNAI T20 HRTEM operating at 200 

keV and the phase analysis was done by observing the 

SAED pattern. The Photocatalytic experiments were 

carried out in the photo reactor Heber Visible Annular 

Type Photo reactor equipped with a 300 W tungsten 

halogen lamp (8500 lm). The antimicrobial potential of 

the synthesized nanocomposite was tested against 

standard microbial strains. 

2.4 Photocatalytic Activity 

Photocatalytic experiments were carried out in 

the Heber Visible Annular Type Photo reactor equipped 

with a 300 W Tungsten Halogen lamp (8500 lumens). 

The solution was illuminated with a light source at the 

center of the solution reservoir, covered and separated by 

cylindrical quartz glass housing. Air was bubbled 

through the reaction solution to ensure a constant supply 

of oxygen and to give an agitation effect to achieve the 

equilibrium state of the model pollutant and 

photocatalyst. At given irradiation time interval, an 

aliquot amount of the samples was taken and analyzed by 

UV-Visible spectrometer at the wavelength of maximum 

absorbance for CR (kmax = 497 nm). 

2.5 Antibacterial Activity 

The antimicrobial activity of as-prepared ZnO 

and ZnO (CS) were tested against gram-negative bacteria 

E. coli (ATCC 8739). The test samples were prepared by 

dispersing them in sterile distilled water using an 

ultrasonicator. Standard antibiotic streptomycin was used 

as positive control and sterile distilled water as negative 

control. Well diffusion technique was followed to 

perform the antimicrobial test for which freshly grown 

cultures were used as inoculums in an NA medium. 

Approximately 20 ml of NA medium was poured into 

sterilized Petri dishes. The plates were left overnight at 

room temperature to check for contamination. The test 
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organisms were grown in selected broth for 24 h. Wells 

of 5 mm diameter were made on NA plates and were gel-

punctured using sterile pipette tips. Using a micro-

pipette, 20 ml was poured into the wells. After incubation 

at 37 °C for 24 h, the different levels of zone of inhibition 

of bacteria were measured. 

3. RESULTS AND DISCUSSION 

3.1 Powder XRD 

The XRD pattern of CS-ZnO nanoparticles was 

shown in Fig. 2. The peaks appeared with 2θ values of 

31.8◦, 34.5◦, 36.4◦,47.6◦, 56.5◦, 63◦, 66.5◦, 68.1◦ and 69.1◦ 

corresponds to (100), (002), (101), (102), (110), (103), 

(200), (112) and (201) crystal planes of hexagonal 

geometry, and the lattice parameters were determined to 

be a = 3.2420 and c = 5.1845 that matches with the 

JCPDS file no. 79-2205. The average crystalline size, 

calculated by Debye Scherrer’s equation, was 48 nm; the 

sharp peak of XRD pattern revealed that there is no 

impurity present in the sample and the structure was 

highly crystalline. 

 

Fig. 2:  XRD pattern of CS-ZnO nanocomposite 

 

Fig. 3: TGA analysis of CS-ZnO nanocomposite 

3.2 Thermal Analysis 

TGA analysis of CS-ZnO nanocomposite result 

is presented in Fig. 3. Four weight losses were observed.  

Weight loss of 5% was observed at 62.78-112.64 ⁰C, 13% 

of weight loss at 223.98-261.85 ⁰C, 11% of weight loss at 

261.85-359.73 ⁰C and then 9% of weight loss at 359.73-

397.99 ⁰C. The weight loss around 100 ⁰C was due to 

moisture vaporization and the loss up to 397.99 ⁰C was 

due to the degradation of CS in the nanocomposite. The 

total weight loss of CS-ZnO nanocomposite was about 

43.11% at 800 ⁰C. Therefore, it can be concluded that CS-

ZnO shows better thermal stability than pure chitosan due 

to the presence of ZnO in the nanocomposite. 

3.3 Surface Area and Surface Charge Analysis 

The N2 adsorption-desorption isotherms were measured 

using N2 Adsorption-Desorption Analyzer. CS-ZnO 

nanocomposite shows a type IV isotherm indicating the 

formation of micropores and the hysteresis loops were 

observed in Fig. 4. Surface area was calculated by 

multiple BET analysis and was found to be 32.4 m2g-1. 

The total pore volume obtained at P/Po was 0.1808 ccg-1 

and the pore size was 18 nm, as calculated by BJH 

method. Surface charge of CS-ZnO nanocomposite was 

analyzed for the stability of nanocomposite. The zeta 

potential analysis is shown in Fig. 5 and was found to be 

-2.0 mV.  

 

Fig. 4: N2 adsorption-desorption isotherm of CS-ZnO 
nanocomposite 

 

Fig. 4: Zeta potential analysis of CS-ZnO nanocomposite 
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3.4 HR-TEM 

HR-TEM image implies the presence of 

hexagonal nano-structured particles of length 475 nm and 

width 234 nm, as shown in Fig. 6 (a). The dark spots 

observed in the SAED pattern were shown in Fig. 6 (b), 

which can be indexed to be hexagonal structures. 

 

Fig. 6: (a) HR-TEM image and (b) SAED pattern of CS-ZnO 
nanocomposite 

3.5. Photocatalytic Activity 

The potential application of CS-ZnO 

nanoparticles towards the treatment of dye in wastewater 

can be done by heterogeneous photocatalysis route. In 

this present study, reactive dyes of Congo red (CR) were 

considered as a pollutant. The effect of photocatalysts on 

the removal of dyes was monitored by the changes in the 

absorption spectrum of the respective dye in different 

time scales. To study the activity of the catalyst, control 

experiments for CR were done under visible light 

irradiation for 180 min. No considerable change was 

observed in the absorption spectra of dye molecules, 

indicating that the dye molecules remained stable during 

the reaction time.  

3.6 Effect of Catalyst Amount 

The photocatalytic activity was again carried 
out for a Congo red dye. Likewise, the aqueous solution 
of CR (5.74168 x 10-5 M) dyes were subjected to 
photocatalytic studies and the amount of catalyst was 
taken in the range from 0.1 to 0.4 gL−1. The UV-Vis 
absorption spectrum of CR has shown that the maximum 
absorbance occurred at 494 nm which is λmax for CR dyes. 
Among the various amounts of catalyst from 0.1 to 0.4 
gL−1, 0.3 gL−1 has shown 97% decolorization for CR dyes 
under visible light irradiation. However, when the 
amount of catalyst was increased beyond the limit of 0.3 
gL−1, the photocatalytic activity decreased owing to the 
inner filter effect. The increase in the catalyst amount 
beyond the limit did not have a noticeable positive effect 
on the decolorization of reactive dyes because of the 
enhancement of light reflectance and light blocking by 
excessive catalyst and decrease in light penetration. The 
kinetic plot of ln (Co/C) vs irradiation time under visible 
light illumination is presented in Fig. 7 (a). The higher 
rate constant (k) value of 0.01471 min-1 was obtained for 
0.3 gL-1 concentration of catalyst for CR dye. The 
correlation coefficient value (R2) was found to be greater 
than 0.95, which showed that all the values were highly 
significant and also confirmed the proposed kinetic 
model for the decolorization of reactive dyes. The 
corresponding absorption spectrum for decolorization of 
CR dyes under visible light irradiation is shown in Fig. 7 
(b). 

 

 

Fig. 7:  (a) Kinetic plot of ln (Co/C) Vs Irradiation time of CS-
ZnO nanocomposite at catalyst concentration variation 
under visible light irradiation for CR dye and (b) Time 
dependent absorption spectra of CR dye at 0.3 gL-1 of CS- ZnO 
nanocomposite under visible light irradiation 
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3.7 Effect of pH 

The pH of the dye solution plays a predominant 

role in the decolorization of dyes, it determines the 

electrostatic interaction of the surface charge of the 

catalyst with the dye molecules. The dye concentrations 

of RhB (1.04 x 10-5 M), MO (3.05502 x 10-5 M) and CR 

(5.7416 x 10-5 M) and the catalyst concentration of 0.3 g 

L-1 were used to study the effect of pH by varying from 3 

to 11. The pH of the solution was adjusted with the help 

of HCl or NaOH by measuring using the pH meter. The 

kinetic plot for CR for pH variations was presented in 

Fig. 7. The rate constant values obtained from the slope 

of the plots were tabulated at the insets of Fig. 8. The 

greater degradation rate of 0.00399 min-1 was monitored 

at a basic pH for CR dye. In the case of CR, at acidic pH 

3.0, the colour of the dye solution changed to blue and 

the λmax also shifted to 577 nm which showed that CR 

molecules possessed aggregation in an acidic aqueous 

solution. 

3.8 Adsorption Study 

The adsorption study of CR dyes on the surface 

of CS-ZnO nanocomposite was carried out under dark 

conditions. CR dye concentration of 5.7416 x 10-5 M and 

the optimized catalyst concentration of 0.3 gL-1 were 

used. The decrease in absorption peak was mainly due to 

the powerful adsorption capability of CS-ZnO 

nanocomposite. The adsorption percentage towards CR 

dyes was 40%.  

3.9 Antimicrobial Activity 

The antimicrobial activity of the synthesized 
CS-ZnO nanocomposite was tested against five standard 
strains comprising of two gram-positive bacteria 
(Staphylococcus aureus, MTCC 96 and Streptococcus 
pneumonia, MTCC 1936), two gram-negative bacteria 
(Pseudomonas aeruginosa, MTCC 2642 and Proteus 
vulgaris, MTCC 7299), and one fungal (Candida 
albicans, MTCC 3959). The synthesized CS-ZnO 
nanocomposite showed antimicrobial activity against 
standard microbes, as depicted in Fig. 9 and Fig. 10. The 
zone of inhibition for gram-positive and gram-negative 
bacteria and fungal pathogens were represented as a bar 
diagram in Fig. 11. The antimicrobial activity of CS-ZnO 
nanocomposite increased with the increase of 
concentration from 10 to 100 µg. The CS-ZnO 
nanocomposite with 100 µg of concentration showed the 
maximum zone of inhibition ranging between 2.66667 ± 
0.57735 and 25±1 (mm). The positive results were 
observed for both gram-positive and gram-negative 
bacteria with S. aureus - 17.66667± 0.57735 (mm), S. 
Pneumoniae - 25±1 and P. vulgaris - 20.66667± 0.5773 
(mm). The fungal C. albicans did not show activity at a 
lower concentration, but it posed 3 ± 1 (mm) at 100 µg of 
CS-ZnO nanocomposite. 

 

 

 

Fig. 8: Kinetic plot of ln (Co/C) Vs irradiation time of CS- ZnO 
nanocomposite at pH variation under visible light 
irradiation for CR dye 

  

0 20 40 60 80 100 120 140 160 180

0.0

0.5

1.0

1.5
(a) Sample Rate (min-1) Adj. R2

pH-3 1.45986E-4 0.98307

pH-7 0.00346 0.99504

pH-11 0.00107 0.97525

 

 

 pH-3

 pH-7

 pH-11

ln
 C

o
/C

Time (min)

0 20 40 60 80 100 120 140 160 180

0.0

0.5

1.0
(b) Sample Rate (min-1) Adj. R2

pH-3 2.02934E-4 0.98965

pH-7 0.00303 0.9984

pH-11 3.29617E-5 0.97167

 

 

 pH-3

 pH-7

 pH-11

ln
 C

o
/C

Time (min)

0 20 40 60 80 100 120 140 160 180

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
(c) Sample Rate (min-1) Adj. R2

pH-7 0.00342 0.98442

pH-11 0.00399 0.99224

 

 

 pH-7

 pH-11

ln
 C

o
/C

Time (min)



K. Jothivenkatachalam et al. / J. Environ. Nanotechnol., Vol. 12(4), 09-16 (2023) 

14 

 

 

Fig. 9: Antimicrobial activity of CS-ZnO nanocomposite against gram-positive bacterium (a) Staphylococcus aureus  (MTCC 
96) and (b) Streptococcus pneumonia  (MTCC 1936)– (A) Distilled Water 100 µL, (B) Chitosan 10 µg, (C) CS-ZnO nanocomposite 
10 µg, CS-ZnO nanocomposite 50 µg and (D) CS-ZnO nanocomposite 100 µg 

 

Fig. 10: Antimicrobial activity of CS-ZnO nanocomposite against gram-negative bacterium (a) Pseudomonas aeruginosa 
(MTCC 2642), (b) Proteus vulgaris (MTCC 7299) and (c) Fungal Candida albicans (MTCC 3959) – (A) Distilled Water 100 µL, 
(B) Chitosan 10 µg, (C) CS-ZnO nanocomposite 10 µg, CS-ZnO nanocomposite 50 µg and (D) CS-ZnO nanocomposite 100 µg  

 

Fig. 11: Antimicrobial activity of CS-ZnO nanocomposite 

4. CONCLUSION 

The ZnO nanoparticles were synthesized using 

a biopolymer and characterized by analytical techniques. 

The band gap of ZnO (CS) was calculated using 

reflectance spectra and was found to be 3.1 eV, which 

was less than the band gap of as-prepared ZnO. CS-ZnO 

showed better thermal stability than pure chitosan due to 

the presence of ZnO in the nanocomposite. The N2 

adsorption-desorption isotherms were measured using N2 

adsorption-desorption analyzer and the Zeta potential 

analysis was also done. The results revealed that the ZnO 

(CS) has a potential application in the decolorization of 

CR dyes. Studies on heterogeneous photocatalysis with 
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utilization of natural sunlight. The decolorization 

experiment followed a pseudo-first-order rate constant 

using the L–H model and the correlation coefficient 

values were highly significant. The photocatalytic 

activity showed that the decolorization was much faster 

in solar light than in visible light and also exhibited 

enhanced antibacterial activity against the gram-negative 

E. coli bacteria. 
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