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Short Title: Characterization and antibacterial activity of ZnO 

Abstract. In first part of this study, acrylic acid (AA) hydrogels were produced by free radical 
reaction. Chemical and morphological structure of AA-hydrogels were specified by using 
Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) 
techniques. In the second part of the study, ZnO nanoflower were synthesized on AA-
hydrogel by using Chemical Bath Deposition (CBD) technique for the first time in literature. 
AA-hydrogel acted as substrate in CBD process. Deposition time effect on the morphological 
properties of ZnO nanoflower was determined by applying Scanning Electron Microscopy 
(SEM). According to the SEM results, it is obtained that deposition time in the production of 
ZnO nanoflower has a vital role in surface morphology. Chemical, morphological and ther-
mal properties of ZnO nanoflower were determined by applying FTIR, Scanning Electron 
Microscopy-Energy Dispersive X-Ray Spectroscopy (SEM-EDX) and thermogravimetric anal-
ysis (TGA) techniques. Elemental mapping of ZnO nanostructures were carried on using 
SEM. The antibacterial activity of ZnO nanoflower deposited AA-hydrogel was determined 
against gram-negative and gram-positive bacteria. Escherichia coli (E. coli) and Staphylococ-
cus aureus (S. aureus) were used as test microorganisms. Gram-negative bacteria were more 
resistant to hydrogel and ZnO nanoflower than gram positive bacteria.  
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1. INTRODUCTION 

Nanoparticles are the most important group of materials 

with its usability in extensive application area [1]. These 

materials have unique properties in comparison with their 

bulk size counterparts [2, 3]. This unique property pro-

vides an opportunity for development of nanoparticles for 

use as antibacterial agents. 

In recent years, there is an increasing interest about inor-

ganic compounds in nano-size. Due to their high surface 

area and unique chemical and physical properties, inor-

ganic compounds in nano-size show strong antibacterial 

property even if they used low concentrations [4]. Higher 

surface area of nano-size particles provides probable in-

teractions with biologic systems existing on the viable 

cell surface [5]. The other advantage of nano-size particle 

is being more stable in high temperature and pressure 

conditions [6]. Some of the nano-particles are nontoxic 

and they can involve mineral elements essential to the 

human body [7]. ZnO, MgO, TiO2 and SiO2 has substan-

tial antibacterial property and their selective toxicity to 

biological systems provides their potential application as 

therapeutics, diagnostics, surgical devices and nanomedi-

cine based antimicrobial agents [6, 8-11]. 

Hydrogels are also another important material in these 

applications with its biocompability property. Hydrogels 

are three dimensional materials which have critical cross-

link provided by covalent bonds, hydrogen bondings and 

van der Waals interactions. Interest about to use hydro-

gels as antibacterial material or substrate is increasing 

due to its superior biomedical relevance [12]. Through 

the biocompatible hydrogels, the metal oxide doped 

nanocomposite hydrogels are particularly promising to 

decrease bacterial growth.  

ZnO nano-particles are one of the most important multi-

functional inorganic nanoparticles with their chemical 

and physical stability, high catalysis activity, effective 

antibacterial activity as well as intensive ultraviolet and 

infrared adsorption with broad range of applications as 

semiconductors, sensors, transparent electrodes, solar 

cells, etc. [1, 13].  ZnO nanoflower doping on biode-

gradable hydrogel is an alternative way to widely used 

over-priced nano-partices such as silver. However, there 

are only a few studies about ZnO nanoflower on biode-
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gradable hydrogels [12].  

In this study, ZnO nanoflower was deposited on acrylic 

acid (AA) hydrogel by chemical bath deposition tech-

nique (CBD). ZnO nano-particles can be produced via 

Amiri followed by Nosaka [3], biosynthesis [14, 15], sol-

vothermal [16] or sol-gel [17] methods. Among these 

various techniques of production ZnO nano-particles, 

chemical bath deposition technique is vacuum-free, safe, 

environmental friendly, economic and an easy technique. 

In literature, there is no study about production of nano-

flower like ZnO on hydrogel substrate. The novelty of the 

study is characterization and specification antibacterial 

property of nano flower like ZnO on hydrogel via CBD. 

2.  EXPERIMENTAL PROCEDURE  

The biodegradable hydrogel and ZnO nanoflower synthe-

sized in this study are described in this section, as well as 

the techniques that were used for their preparation and 

the characterization of their properties. 

2.1  Preparation of AA Biodegradable Hydrogel 

The cross-linked biodegradable hydrogels were prepared 

via in situ free radical reaction. Acrylic acid (AA), N,N’-

methylene-bis-acrylamide (MBA) and ammonium per 

sulfate (APS) were used as monomer, cross-linking agent 

and initiator, respectively. Experimental details were giv-

en in previous study [18].  

2.2  Deposition of ZnO nanoflower on AA Biodegrada-

ble Hydrogel 

ZnO nanoflower was deposited on AA biodegradable 

hydrogel by chemical bath deposition technique. Zinc 

nitrate hexahydrate Zn(NO3)2.6H2O (Sigma Aldrich) 

were used as zinc source. pH was fixed to 10 with adding 

ammonia solution (%28 v/v) (Merck) drop by drop. To 

observe the time effect on the ZnO nanoflower structure, 

the bath solution was stirred by temperature-controlled 

magnetic stirrer at 85 °C for 15 min, 30 min, 45 min and 

60 min. Experimental details were given in previous stud-

ies [19, 20]. 

2.3  Characterization Techniques 

Thermal stability of the produced AA biodegradable hy-

drogel and ZnO nanoflower deposited hydrogel were de-

termined by using thermogravimetric analyser (Seteram, 

LabSys-Evo). A sample mass of 10±3 mg in the Al2O3 

crucible was used for each run. The samples were heated 

from 25 °C to 900 °C with the heating rate of 10 °C/min. 

Nitrogen (20 mL/min) was used as carrier gas.  

FT-IR analysis (Perkin Elmer, Spectrum 100) were per-

formed to indications of various surface functional 

groups of samples in the transmission mode between 

4000 and 400 cm-1.  

To specify the morphologies of the samples, sputter coat-

er (Quorum-Q150R) was used to provide sample conduc-

tivity. Images were taken using a Supra 40VP Scanning 

Electron Microscopy (SEM) operated in 15 kV voltages 

using a secondary electron (SE) detector. Zinc and oxy-

gen distributions in AA biodegradable hydrogel were 

identified by applying the mapping method (Bruker EDX 

detector). 

2.4  Test of Antibacterial Activity 

The antibacterial activity tests were carried out in accord-

ance with ASTME2149 (Determining the Antimicrobial 

Activity of Antimicrobial Agents Under Dynamic Con-

tact Conditions) with the bacteria Staphylococcus aureus 

ATCC 6538 and Escherichia coli ATCC 8739. 

3.  RESULTS AND DISCUSSION 

In this section, results from the characterization of hydro-

gel as well as ZnO nanoflower on hydrogel are presented 

and discussed. 

3.1  Characterization of ZnO nanoflower on AA biode-

gradable hydrogel in various deposition times 

The morphology of ZnO nanoflower on AA biodegrada-

ble hydrogel was determined by SEM pictures. Fig.1 rep-

resents the SEM micrographs of ZnO nanoflower 

synthesized at different deposition time. The high resolu-

tion SEM images show the presence of ZnO nanoflower 

at 15 min is not fully developed. The SEM images repre-

sent the particles obtained in 30 min is full flower-shape 

with narrow particle size distribution. It is also seen that 

the samples synthesized at 45 min and 60 min are broken 

down and dispersed disorderly on AA hydrogel surface. 

According to the SEM results, it was decided to compare 

the AA biodegradable hydrogel and ZnO nanoflower on 

AA biodegradable hydrogel which was synthesized in 30 

min. 

Elemental analysis and mapping results of ZnO 

nanoflower on AA biodegradable hydrogel were given in 

Fig 2. Fig 2 (a) shows the mapping scanning area, Fig 2 

(b) shows the elemental content of the sample. ZnO 

nanoflower on AA biodegradable hydrogel contains car-

bon, oxygen and zinc by atomic percentage of 39.36%, 

45.45% and 15.19%, respectively. Fig 2 (c) and Fig 2 (d) 

prove that zinc and oxygen disperse on the hydrogel sur-

face homogeneously. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 

 

3 

3.2  Characterization of AA Biodegradable Hydrogel 

and ZnO nanoflower on AA Biodegradable Hydrogel 

FT-IR spectroscopy was used to establish the presence 

or absence of the various vibrational modes present in 

the samples. FT-IR results of AA biodegradable hy-

drogel and ZnO nanoflower on AA biodegradable hy-

drogel were summarized in Table 1. According to the 

Table 1, both AA biodegradable hydrogel and ZnO 

nanoflower on AA biodegradable hydrogel have the 

characteristic vibrational modes incident to AA (2942-

293 cm-1, 1695 cm-1, 1452-1404 cm-1, 1162-1155 cm -1, 

795-788 cm-1). The FT-IR result of ZnO nanoflower 

clearly shows that the characteristic absorption peaks 

of Zn-O are nearer to 1541 cm-1, this sharp characteris-

tic peaks suggesting the high crystalline nature of ZnO 

nanoparticles. The peaks at 3835 cm-1, 2152 cm-1 and 

2000 cm-1 also authenticates presence of ZnO. 

The thermal analysis of ZnO nanoflower on AA biode-

gradable hydrogel was performed to prove that ZnO 

nanoflower have not influence of AA biodegradable 

hydrogel negatively. TGA thermogram of the sample 

showed that the stability of the hydrogel substrate to 

200 °C. Since the produced ZnO nanoflower on AA 

biodegradable hydrogel intended to be used in biologi-

cal systems as a biomaterial, and applications are nor-

mally carried out at physiological temperature 37 °C, 

the produced sample is stable in the vicinity of room 

temperature which normally varies between 27 and 38 

°C. According to the DSC thermogram, the produced 

sample has characteristics peaks of acrylic acid at the 

temperature 218 °C and 230 °C. Due to the crystalliza-

tion of ZnO an exothermic peak is observed at 390 °C. 

3.3  Antibacterial Activity of AA Biodegradable Hy-

drogel and ZnO nanoflower on AA Biodegradable Hy-

drogel 

Antibacterial activity tests were conducted on AA bio-

degradable hydrogel and ZnO nanoflower on AA bio-

degradable hydrogel. The results were given in Figure 

4, Figure 5 and Table 2. The antibacterial tests indicat-

ed that the bacterial activity with Escherichia coli on 

the AA biodegradable hydrogel and ZnO nanoflower 

on AA biodegradable hydrogel decreased by 57.03% 

and 97.14%, respectively. Antibacterial activity with 

the bacterium Staphylococcus aureus on the AA biode-

gradable hydrogel decreased 79.45% while ZnO 

nanoflower on AA biodegradable hydrogel decreased 

99.99%. 

In previous studies, antibacterial activity of nano-ZnO 

particles on Escherichia coli and Staphylococcus aure-

us has been discussed by various researchers. Zhang et 

al. [21], have found that antibacterial behavior of ZnO 

can be classified as chemical or physical interaction 

between ZnO and microorganism cell envelope. The 

antibacterial mechanisms of microorganism were spec-

ified depending on to ZnO morphology: (i) H2O2 gen-

eration, (ii) Zn2+ release from ZnO, and (iii) the 

existence of oxygen vacancies onto surface [22]. 

Thereby, the antibacterial property of ZnO was estab-

lished amenable to the generation of H2O2, while max-

imum Zn2+ release as bactericide mechanism was 

registered in the case of ZnO nano-flowers. According 

to physical interaction, Zn+2 penetrates through to cell 

wall and react with inner constituent, then effects on 

viability of the cells. Chemical interaction between 

ZnO and microorganism cell envelope causes H2O2 

generating.  

In this study, it is also reported that ZnO in nano-size 

can penetrate through cell wall easily, so using of ZnO 

nanoparticles as antibacterial agent is more efficient 

than micro-ZnO particles. 

4.  CONCLUSION 

In this study, AA biodegradable hydrogel were synthe-

sized by using in situ free radical reaction.  Produced 

hydrogel were used as substrate to deposit ZnO 

nanoflower by chemical bath deposition technique for 

the first time in literature. Deposition time plays a key 

role to obtain nano-ZnO particles in flower-shape. Sig-

nificant differences of morphological characteristics 

were observed by applying deposition time of 15, 30, 

45 and 60 min. The SEM images represent the particles 

obtained in 30 min is full flower-shape with narrow 

particle size distribution. According to characterization 

studies, zinc and oxygen disperse on the hydrogel sur-

face homogeneously. Both AA biodegradable hydrogel 

and ZnO nanoflower on AA biodegradable hydrogel 

have the characteristic vibrational modes incident to 

acrylic acid and the thermal analysis of ZnO nanoflow-

er on AA biodegradable hydrogel proved that ZnO 

nanoflower have not influence thermal stability hydro-

gel negatively. Moreover, the deposited ZnO 

nanoflower on biodegradable hydrogel exhibited high 

activity against Escherichia coli and Staphylococcus 

aureus. As, zinc is appeared in human body in trace 

amount, ZnO doped biodegradable nanocomposites can 

be used in the pharmaceutical, medical and food pack-

aging industries. 
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performed in Bilecik Seyh Edebali University Central 

Research Laboratory. The antimicrobial activity tests 

were performed at Egemikal Environmental Health 

Laboratory. TG measurements were performed in 

Hacettepe University Advanced Technologies Applica-

tion and Research Centre. 
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