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Abstract 

Nowadays, zinc oxide (ZnO) has attracted attention in research and development because of its re-

markable antibacterial properties. Chitosan/ZnO nanoparticles were successfully synthesized via mi-

crowave heating. The objectives of this work were to investigate the effect of stabilizer, power heating 

and time heating on size of chitosan/ZnO nanoparticles and to determine antibacterial activity against 

pathogenic bacteria, where chitosan was used as a stabilizing agent. Chitosan/ZnO nanoparticles were 

analyzed  by Fourier Transform Infra Red (FTIR), X-ray Diffraction (XRD), Field Emission Scanning 

Electron Microscopy (FESEM), and Zetasizer instrument. The power heating and time heating were 

varied from 400 to 800 Watt and 4 to 8 minutes, respectively. The presence of chitosan has role on pre-

venting the nanoparticles from agglomeration by producing a milky solution of chitosan/ZnO nanopar-

ticles without any suspensions. The increase of power  and time heating improved the size of nanopar-

ticles. The peak in FTIR spectrum at around 427 cm-1 was confirmed the existence of the ZnO phase. 

XRD patterns showed that the chitosan/ZnO nanoparticles materials were pure phase with average 

crystalline size is 130 nm. FESEM revealed that chitosan/ZnO nanoparticles were uniformly distribut-

ed with the mean value of size is 70 nm and spherical shaped. Further impact of power and time heat-

ing on the size of the chitosan/ZnO nanoparticles can be shown by a nanoparticles size distribution 

with the average of 30 to 90 nm. The results showed that chitosan/ZnO nanoparticles have displayed 

an antibacterial inhibition zone against Gram-positive S. aureus and Gram-negative E. coli which 16.0 

and 13.3 mm, respectively. Chitosan/ZnO nanoparticles were synthesized in this work presented have 

potential application to prevent bacterial infections. Copyright © 2019 BCREC Group. All rights re-

served 
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1. Introduction 

Zinc oxide (ZnO) has gained the attention of 

the researches due to its potential properties in 

the application of electronic and optical device 
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[1,2]. Until now, many conventional methods 

such as hydrothermal, sol-gel or precipitation 

method have been developed for the production 

of ZnO nanoparticles. However, these methods 

show a difficulty in controlling the size of nano-

particles [3].  

This work is developed the ZnO nanoparti-

cles using microwave-assisted as it was offered 
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the best possibility of being environmentally 

friendly and an economic by consuming short 

period of processing [4,5]. Microwave-assisted 

synthesis is the best method compared to the 

conventional method such as hydrothermal and 

sol-gel method [6], as it provides higher reac-

tion rates, faster volumetric heating, higher se-

lectivity and higher yields of products [7]. Con-

sider the advantage of this method, the micro-

wave heating was adopted in this work to syn-

thesis chitosan/ZnO nanoparticles. Previous 

studies by Thirumavalavan et al. [8], Rajen-

dran & Sivalingam [9], and Barreto et al. [10], 

used zinc nitrate hexahydrate (Zn(NO3)2.6H2O) 

as a metal salt with chitosan as stabilizing 

agent to synthesis chitosan/ZnO nanoparticles 

using facile preparation, hydrothermal process 

and ultrasonic treatment, respectively.       

However, the used of Zn(NO3)2.6H2O as a metal 

salt was not found in the formation of chi-

tosan/ZnO nanoparticles using microwave heat-

ing method. Most of the previous studies used 

either zinc acetate dihydrate [11,12] or com-

mercial ZnO [10,13-16] as metal salt for micro-

wave heating method. There were no studies 

related to  the  formation of chitosan/ZnO nano-

particles using chitosan as stabilizer  at  select-

ed  power  and  time heating. 

Chitosan as a natural copolymer plays im-

portant role in stabilizing the nanoparticles by 

coating the surface [17], and prevent the nano-

particles from oxidizing to the surrounding as 

their structure that almost resembles to the 

cellulose [18]. In this work, the chitosan was 

prepared in solution form as it is possessing ex-

cellent biocompatibility and ease process. Plus, 

they also tend to swell and dehydrate depend-

ing on composition and environment [19]. 

 A reason of using chitosan compared to 

other conventional stabilizing agents is that it 

possesses good antibacterial properties [20]. 

Plus, there appear to be no published studies 

on the synthesis of chitosan/ZnO nanoparticles 

using chitosan with microwave heating at se-

lected power and time heating. The synthesized 

chitosan/ZnO nanoparticles were expected to be 

achieved in only a few minutes. Herein, the im-

pact of chitosan/ZnO nanoparticles also been 

tested on Gram-positive and Gram-negative 

bacteria. 

 

2. Materials and Methods 

All chemicals used in this experiment were 

of analytical grade and were used without fur-

ther purification. Zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O, 98%, Aldrich) and sodium hy-

droxide (NaOH, 98.9%, Bendosen) were used as 

the zinc cation and hydroxide agent, respec-

tively. Acetic acid was used to dilute chitosan 

flakes into solution. Chitosan acts as stabiliz-

ing agent and distilled water is used for the 

preparation of solutions. 

 

2.1 Synthesis of Chitosan/ZnO Nanoparticles 

Chitosan solution (1.0% w/v) was prepared 

by dissolving chitosan in 1% v/v of an acetic ac-

id solution. After the fully dissolved, 50 mL of 

Zn(NO3)2.6H2O and 50 mL of NaOH were 

mixed with 5 mL of chitosan. Following the re-

duction process of zinc ions, the color of the so-

lution turns to a milky solution. After the re-

duction process is complete (when the color re-

mains unchanged), the products were then sub-

jected to microwave irradiation at the power of 

irradiation of 400, 600, and 800 watt for the se-

lected time of irradiation of 4, 6, and 8 

minutes. 

 

2.2 Characterization of Chitosan/ZnO Nano-

particles 

Chitosan/ZnO nanoparticles were character-

ized by FTIR, XRD, FESEM, and Zetasizer in-

strument. The result of FTIR, XRD, and 

FESEM discuss the effect of stabilizer, while 

the result of Zetasizer analysis explains on the 

effect of time and power heating. After that, 

the nanoparticles were tested for antibacterial 

activity using Gram-positive S. aureus and 

Gram-negative E. coli bacteria. 

 

2.2.1 Fourier Transform Infrared Spectroscopy 

(FTIR) 

The FTIR spectra are the best analysis to 

screen and optimized the functional group of 

nanoparticles using FTIR model: iD7 Attenuat-

ed Total Reflectance (ATR) Nicolet iS5 Spec-

trometer (Thermo Fisher, USA). The FTIR 

spectra of ZnO nanoparticles which was ana-

lyzed on ATR diamond crystal was compared 

with the FTIR spectra of chitosan and water. 

The FTIR spectra were obtained at the room 

temperature at the wavelength from 400cm-1 to 

4000 cm−1. FTIR was performed using OMNIC 

software with an average of 32 scans. The spec-

tral resolution used for the recording of the IR 

spectra was 2 cm−1. 

 

2.2.2 X-ray Powder Diffraction (XRD) 

XRD diffraction was used to measure the 

various crystalline form of nanoparticles. XRD 

patterns recorded on a Philips PW 3050/10 

model. The samples were recorded on a Philips 

X-Pert MMP diffractometer. The diffractometer 
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was controlled and operated by a PC computer 

with the programs P Rofit and used a MoK 

(source with wavelength 0.70930 Å, operating 

with Mo-tube radiation at 50 kV and 40 mA.). 

 

2.2.3 Field Emission Scanning Electron Micro-

scope (FESEM) 

The surface morphology of the nanoparticles 

was examined by FESEM instrument operated 

at an accelerating voltage at 5 kV using a JSM-

7800F (JEOL, USA) field emission scanning 

electron microscopy (FESEM). 

 

2.2.4 Particles Size and Zeta Potential Analysis 

The mean particle size and zeta potential of 

ZnO nanoparticle were measured using a 

Zetasizer instrument (Model ZEM5002, Mal-

vern Instruments Ltd, Malvern, UK) using UV 

Grade cuvettes after treatment in an ultrasonic 

water bath (Model FB11012, Fisherbrand) for 

30 min to break up any aggregates present. 

 

2.3 Zone of Inhibition Testing 

A disk of filter papers was impregnated with 

chitosan/ZnO nanoparticles and was put onto 

tryptone soya agar (TSA) plates that had been 

spread with 100 µL of the bacterium. The 

plates were then incubated in the incubator at 

37 °C overnight. Triplicate experiments were 

carried out for each sample. The diameter of in-

hibition zone was measured using a ruler to the 

nearest millimeter. This procedure was applied 

for a zone of inhibition testing with testing 

with S. aureus and E. coli. 

 

3. Results and Discussion 

3.1 Synthesis of Chitosan/ZnO Nanoparticles 

The chitosan/ZnO nanoparticles was turn 

from colorless to a milky solution as showed in 

Figure 1. The first attempt has been carried 

out to synthesis ZnO nanoparticles by reduc-

tion of zinc nitrate with sodium hydroxide 

(NaOH) only without a stabilizing agent. There 

was an agglomeration occurred and non-

homogenous solution was obtained.  

This phenomenon can be explained which 

the addition of zinc nitrate to an initial solu-

tion of NaOH produces a milky precursor solu-

tion. This is the first stage of the zinc nitrate 

reduction reaction, which is dissociated into 

Zn2+ and NO3¯ ions. Then, after a few minutes 

of stirring, the suspensions were formed in the 

solution because of the agglomeration process. 

When there is no coverage of the stabilizing 

agent on the nanoparticles surface, the agglom-

eration started to form [21]. If the reduction 

process precedes the interaction, the nanopar-

ticles growth cannot be properly controlled. Ag-

glomerates of Zn2+ ions formed are called clus-

ters.  

Mahmudin et al. [22] were stated that the 

preparation of  nanoparticles in solution should 

consist of reduction of the ions and stable poly-

mer of the metal. This reveals that the needs of 

stabilizer are important in the synthesized of 

ZnO nanoparticles. In this study, chitosan was 

used as a stabilizing agent and reacts with H+ 

to produce protonized chitosan with NH3+ func-

tional groups. Then, NaOH solution was acts 

as a hydroxide agent, it will produce the white 

precipitate of chitosan/ZnO nanoparticles. The 

exposure of solution to the microwave power 

dissolves the precipitate into the supersaturat-

ed aqueous solution [23]. A formation of the 

colloids was revealed by coloration of the solu-

tion. The solution was spontaneously changed 

to a milky solution without any suspensions 

upon mixing with the protonized chitosan. 

 

3.1.1 Effect of Stabilizer on Chitosan/ZnO Na-

noparticles 

Chitosan/ZnO nanoparticles have a compel-

ling tendency to flocculate due to their van der 

walls forces. However, the agglomeration can 

be hindered by introducing a repulsive force 

between the particles. In this light, the use of a 

stabilizer as a repulsive force came into the pic-

ture. The use of chitosan as a stabilizer was re-

ported elsewhere [24]. Chitosan contributed 

the steric hindrance to stabilize the nanoparti-

cles which the amino group presence in its pol-

ycationic structure activates steric hindrance, 

thus ensuring strong stability over long [25].  

Remarkably, chitosan possesses similar 

ability as proteins and manipulations of its 

properties have not been fully extended for nu-

merous applications. Chitosan is accessible for 

cross-linking through its boundless amino 
Figure 1. Chitosan/ZnO nanoparticles solution  
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group and its cationic features allowing the ion-

ic crosslinking to take place with multivalent 

elements. The most promising features of chi-

tosan are its solubility in aqueous acidic solu-

tions [5]. The description of chitosan agrees 

with the aims of the research to manufacture a 

readily biocompatible and nontoxic chitosan 

capped ZnO nanoparticles. 

 

3.1.2 FTIR analysis 

FTIR quantitative analysis was performed 

to trace any impurities and to determine the 

functional groups species of chitosan/ZnO nano-

particles. The absorption spectra all samples 

were identified and shown in Figure 2. The 

spectrum of synthesized chitosan/ZnO nanopar-

ticles present a acute band below 600 cm-1 

which related to the stretching vibration of Zn-

O bond and broad peak between 3341 and 2912 

cm-1 associated to the vibration of O-H bond of 

the chemosorbed water. Besides that, the ab-

sorption bands centered at about 1981, 1640, 

1556, and 1375 cm-1 that exist on all the cases 

of FTIR spectrums can be designated to the O-

H stretching vibrations, CO2 mode, and asym-

metric and symmetric C=O stretching modes, 

respectively [26]. As mentioned by Pandiselvi & 

Thambidurai [27], a broad absorption peak for 

the vibration of the O-Zn-O group was in the 

range of 580 to 400 cm-1. Thus, in comparison 

with the FTIR spectrum of chitosan, the new 

peak was displayed at 427 cm-1 represented the 

stretching mode of ZnO as the result attained 

in this analysis are in compromise with past 

research [13,23,28]. 

 

3.1.3 XRD analysis 

This analysis is to analyzed the size of vari-

ous crystallite forms of nanoparticles. Figure 3 

shows the patterns of all samples. It was 

proved from the patterns that the chi-

tosan/ZnO nanoparticles were well crystalline 

ones. All peaks of XRD spectra were compared 

with the standard peaks in JCPDS files result-

ing in excellent matching all samples. Further-

more, there are no impurities were observed in 

the characteristic peaks.  
By applying the Debye Scherrer formula, 

the average size of ZnO nanoparticles without 

chitosan was calculated to be 327 nm. This is 

because of interparticle attraction which small 

particles in a liquid have the tendency to ag-

gregate without the presence of a stabilizer 

[10]. This is the reason for selection of why chi-

tosan as the stabilizing polymer in order to 

prevent aggregation and sedimentation. 
The average crystallite size of the chi-

tosan/ZnO nanoparticles calculated using the 

Debye Scherrer formula (Equation (1)). 

         

   (1) 

 

Where,  represents the X-ray wavelength of 

Cu-Kα radiation source (1.5418 Å);  is the full 

 

Figure 2. FTIR spectra of chitosan/ZnO nano-

particles. 

Figure 3. XRD powder pattern of chitosan/ZnO 

nanoparticles  

Sample name 2θ (°) 
FHWM 

(β) 

Average crys-

talline size 

(nm) 

Lattice parameter (Å) 

a c 

ZnO nanoparticles 36.338 0.2952 327 3.2540 5.2200 

Chitosan/ZnO nanoparticles 36.300 0.5139 130 3.2540 5.2200 

Table 1. The average size of chitosan/ZnO nanoparticles and ZnO nanoparticles by XRD measurement  
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width at half maximum (FWHM) intensity of 

the diffraction peak located at 2θ; and θ is the 

Bragg angle. The average crystalline size of 

chitosan/ZnO nanoparticles is found to be 130 

nm at 36.30°. It was evident that the presence 

of chitosan as a stabilizer reduced the agglom-

eration rate in the synthesis of ZnO nanoparti-

cles, thus reduced the crystallite size of nano-

particles. 

 

3.1.4 FESEM analysis 

The FESEM image of chitosan/ZnO and ZnO 

nanoparticles covered by platinum is presented 

in Figure 4. The synthesized chitosan/ZnO na-

noparticles are presented in Figure 4 (b) were 

uniformly distributed and most particles were 

from 50.6 to 61.7 nm with the mean value of 

56.0 nm. While, as evident from Figure 4 (a), 

the ZnO nanoparticles were agglomerated and 

the particles-shaped were transformed into 

sheet-shaped as the particles were attached to 

each other. The absence of stabilizing agent 

formed the non-discrete nanoscale particles 

with the floc-like structures of ZnO nanoparti-

cles [29]. Similar results have been shown by 

Singh & Surinder [16], which the ZnO nano-

particles produced by the spray dried method 

were coagulated and rod type with average size 

was 215.4 nm. However, the presence of chi-

tosan as a stabilizer in their study has reduced 

the size of ZnO nanoparticles to 167.2 nm. 

 

3.1.5 Mean particle size distribution of chi-

tosan/ZnO nanoparticles under microwave 

heating 

It is a fact that the microwave heating has a 

major impact on citizen/ZnO nanoparticles size 

distribution. The mean particle size of chi-

tosan/ZnO nanoparticles prepared at different 

power and time heating is in the range of 30 to 

90nm in size as shown in Figures 5 and 6, re-

spectively. Chitosan/ZnO nanoparticles was 

synthesized under different heating power 

which from 400 to 800 W. As increasing in 

heating power tends to increase the tempera-

Figure 4. FESEM image of (a) ZnO nanoparti-

cles and (b) chitosan/ZnO nanoparticles. 

Figure 6. Histogram of the chitosan/ZnO 

nanoparticles size distribution prepared under 

different time heating. 

Figure 5. Histogram  of the chitosan/ZnO na-

noparticles size distribution prepared under 

different power heating. 
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ture rate in chitosan/ZnO nanoparticles solu-

tion. From the result in Figure 5, the particle 

size distribution of chitosan/ZnO nanoparticles 

was increased as the heating power increased 

which from 30 to 80 nm.  

Nanoparticles synthesized by conventional 

heat transfer tend to be larger than the one 

produced by microwave heating. When the chi-

tosan/ZnO nanoparticles were produced by mi-

crowave heating, the dipoles tends to align in 

the direction of the applied electric field; in 

such a way energy is lost in the form of heat, 

through dielectric loss and molecular friction. 

Also, microwave heating produces efficient in-

ternal heating, creating numerous “hot spots” 

which could trigger multiple nucleation events 

throughout the solution. However, increasing 

in temperature rate will cause  to coagulation 

and shorten the period growth [30]. This shows 

that power heating give an impact to the chi-

tosan/ZnO nanoparticles.  
Figure 6 revealed that the increase of the 

heating time from 4 min to 8 min increases the 

size of nanoparticles. The temperature of chi-

tosan/ZnO nanoparticles samples was risen 

rapidly during the process and drops gradually 

after the process. Wojnarowicz et al. [31] stated 

that increasing the heating time could increase 

the temperature of chitosan/ZnO nanoparticles 

which may be reached up to the boiling point of 

the solution.  

In this study, a vapor was observed from 

chitosan/ZnO nanoparticles when the heating 

time was increased. This resulted because the 

solution is boiled up to the boiling point. Dur-

ing the boiling time, the metal nanoparticles is-

grow so that the average size of chitosan/ZnO 

nanoparticles is increased as the heating time 

increase [30]. Then, heating time also has an-

give an effect on the formation of particles. 

 

3.1.6 Zeta potential analysis 

The stability of nanoparticles also can be 

determined by the zeta surface charge. Suspen-

sions of ZnO are stable in the neutral pH range 

[32]. The zeta potential was found to be -29.6 

mV for ZnO nanoparticles treated at 800W for 

6 minutes of heating time which indicated the 

higher degrees of stability. It has been reported 

that the value of zeta potential within the 

range of −30 mV to +30 mV represent the sta-

ble nanoparticles with low possibility of ag-

glomeration [34-36]. 
The result suggested that the size and zeta 

potential vary with the applied conditions for 

heating which help in fast reduction of ZnO na-

noparticles and chitosan. These results support 

the heating effect to form ZnO nanoparticles 

with varying size and higher stability due to 

the chitosan adsorption as donor and nanopar-

ticles surface as accepter. The negative values 

obtained for zeta potential indicated that the 

nanoparticles surface was negatively charged. 

Also, the stability of nanoparticles was influ-

enced by the size of nanoparticles. Nanoparti-

cles with large surface area give the more neg-

ative charge on nanoparticles [37]. The in-

crease in particle size can be attributed to ag-

gregation of ZnO nanoparticles. 

Yamamoto [38] and Sirelkhatim et al. [39] 

were stated that the nanoparticles with a sta-

ble surface charged potential and smallest size 

below 70 nm would give the best antibacterial 

effect towards pathogenic bacteria. They were 

concluded that the decreasing in size would in-

crease the antibacterial activity of nanoparti-

cles. Thus, the chitosan/ZnO nanoparticles syn-
Figure 7. Inhibition zone testing of chi-

tosan/ZnO nanoparticles against bacteria 

Samples 
Concentration of zinc 

salt (M) 

Concentration of 

chitosan(% w/v) 

Power 

(watt) 

Time 

(minutes) 

Zeta potential 

(mV) 

1 0.1 1.0 400 6 -20.9 

2 0.1 1.0 600 6 -27.8 

3 0.1 1.0 800 6 -29.6 

4 0.1 1.0 600 4 -25.6 

5 0.1 1.0 600 8 -27.2 

Table 2. Zeta potential of synthesized chitosan/ZnO nanoparticles by microwave-assisted method. 
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thesized at 600 watt of power heating and 6 

minutes of time heating was chosen to be fur-

ther study for the antibacterial properties. The 

size of this sample is 51.66 nm with -27.1 mV of 

surface charged potential which considered be-

ing the most stable chitosan/ZnO nanoparticles 

compared to the others nanoparticles. 

 

3.1.7 Antibacterial activity of chitosan/ZnO na-

noparticles 

The antibacterial activity of chitosan/ZnO 

nanoparticles was presented in Figure 7. Chi-

tosan/ZnO nanoparticles showed an inhibition 

towards S. aureus and E. coli of the tested mi-

croorganism. The larger zone was seen at S. 

aureus culture which is 16 mm compared to the 

E. coli culture with 13.3 mm of inhibition zone. 

Based on the results obtained, it can be sug-

gested that Gram-negative bacteria is more re-

sistance to chitosan/ZnO nanoparticles com-

pared to the growth of Gram-positive bacteria. 

This fact was supported by Jin et al. [40] and 

Premanathan et al. [41] that chitosan/ZnO na-

noparticles showed an efficient antibacterial 

properties on Gram-positive than on Gram-

negative bacteria because there is a major dif-

ference in the cell wall of bacteria could deter-

mine the resistance of bacteria. S. aureus are 

composed of thick wall with size 20-80 nm as 

surface layer. Meanwhile, E. coli are composed 

of  thin layer below 10 nm [42]. 

Farouk et al. [11] has studied the effect of 

ZnO and chitosan/ZnO nanoparticles towards a 

Gram-negative bacterium, and a Gram-

positive. According to Padmavathy and Vijaya-

raghavan [44], the chitosan/ZnO nanoparticles 

have an abrasive surface texture which influ-

ences the antibacterial mechanism, which in 

sequence destroys the bacterial membrane. The 

results show that the presence of chitosan has 

enhanced the antibacterial properties of ZnO 

nanoparticles [43]. 

 

4. Conclusions 

In conclusion, the chitosan/ZnO nanoparti-

cles was synthesized by microwave-assisted 

method by using chitosan as a stabilizing 

agent. The presence of a new peak at around 

427 cm-1 in the FTIR spectrum confirmed the 

existence of the ZnO phase. XRD patterns show 

that the chitosan/ZnO nanoparticles materials 

are pure phase with good crystallinity and com-

pletely matched the standard peaks. FESEM 

revealed that chitosan/ZnO nanoparticles were 

uniformly distributed in the range of 50.6 to 

61.7 nm with spherical shaped. The increasing 

power and heating time resulted in the increas-

ing of the size due to the nucleation of nano-

particles. Surface zeta potential was negative 

for all the nanoparticles. The results showed 

that chitosan/ZnO nanoparticles have dis-

played an antibacterial inhibition zone against 

S. aureus and E. coli which 16.0 and 13.3 mm, 

respectively. 
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