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ABSTRACT

In this study, zinc oxide was synthesized through wet chemical method at room temperature (RT), 40 °C and 60 °C
without surfactant and at the presence of cetyltrimethylammonium bromide (CTAB), sodium dodecyl sulfate (SDS) and
polyethylene glycol (PEG 6000) as cationic, anionic and non-ionic surfactants, respectively. Field emission scanning
electron microscopy (FESEM) was used to investigate the effect of temperature and type of surfactants on the
morphology of zinc oxide. FESEM images showed that the morphology of zinc oxide changed from rod-like at room
temperature with increasing temperature. The morphology of zinc oxide samples synthesized by CTAB, SDS, and PEG
surfactants was worm-like, nut-like and rod-like, respectively. The results of X-ray diffraction spectroscopy (XRD)
analysis indicated the presence of zinc oxide phase in all samples. Zn(OH), phase was also detected in the sample
synthesized with PEG 6000. Fourier-transform infrared spectroscopy (FTIR) analysis was used to evaluate the functional
groups. Antibacterial activity of zinc oxide samples against Staphylococcus aureus (S. aureus) and Escherichia coli (E.
coli) strains was evaluated by using disc diffusion technique and colony-forming unit (CFU) method. Both methods
confirmed the antibacterial activity of all samples. Moreover, the highest antibacterial activity was shown for the sample
synthesized in the presence of PEG as a surfactant.
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1. INTRODUCTION

Zinc oxide (Zn0) has received more attention in various applications such as varistors [1], solar cells [2], gas
sensors [3], sun creams [4], skin cosmetics along with medical applications [5] like burn treatment and skin
diseases such as eczema due to their unique properties including wide energy band gap [6], excellent chemi-
cal and thermal stability [7], specific electrical and optoelectronic properties [8], excellent antibacterial effect
[9, 10], UV light adsorbent [11], as well as non-toxicity [12].

Various methods including thermal decomposition [13], hydrothermal method [14], solution-

combustion method [15], sol-gel [16], spray pyrolysis [17], sonochemical synthesis [18], microwave-assisted
synthesis [19], wet chemical [20], etc. have been used to produce different morphologies of ZnO such as
wire, tube, rod, ribbons and spheres [21]. Chemical synthesis methods such as wet chemical, precipitation,
sol-gel, etc., are among the popular methods due to their ability to control morphology, purity, crystallinity,
composition and particle growth at relatively low temperature as well as their simplicity and inexpensiveness
[22].
Surfactants play an important role in the morphology and particle size of ZnO. IQBAL, et al. [23] reported
the synthesis of needle-like and plate-like ZnO nanoparticles using cetyltrimethylammonium bromide
(CTAB) as a cationic surfactant and sodium dodecyl sulfate (SDS) as an anionic surfactant. DEBANATH
and KARMAKAR [24] reported the synthesis of zinc oxide nanoparticles using polyvinylpyrrolidone (PVP).
ZARE, et al. [25] synthesized flower-like nanoflakes zinc oxide using oleic acid (C,gH340,) surfactant.

Aqueous ZnO suspension enhances reactive oxygen species (ROS), hydroxyl radicals ((OH), hydrogen
peroxide (H,0,), and peroxide (O,?), which contribute to the antibacterial activity of ZnO [26]. In this re-
gard, SIRELKHATIM, et al. [26] presented a theory on the antibacterial properties of ZnO nanostructures.
Antibacterial behavior of ZnO nanostructures against E. coli and S. aureus with rod, sphere and flower shape
obtained through different solvents was investigated by TALEBIAN, et al. [27]. CHITRA and ANNA-
DURAI [28] reported the antibacterial activity of spherical ZnO nanoparticles against two bacteria, E. coli
and Pseudomonas aeruginosa. Growth inhibition of C. albicans bacteria by flower-like and mulberry-like
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ZnO structures was reported by MA, et al. [29]. RAMANI, et al. [30] reported the antibacterial effect of
plate-like and rod-like ZnO against S. aureus, S. typhimurium, P. vulgaris and K. pneumoniae. On the other
hand, using various types of surfactants can also affect the antibacterial properties of ZnO. The antibacterial
effect of ZnO nano-drums synthesized with fructose as a nonionic surfactant was investigated by IQBAL, et
al. [23]. Similarly, ZARE, et al. [25] investigated the antibacterial properties of flower-like nanoflakes ZnO
synthesized with oleic acid (C1gH340,) surfactant. Moreover, the antibacterial properties of nanoflake and
nanoflower zinc oxide synthesized with cationic surfactant HY (alkyl (hydroxy-ethyl) dimethyl ammonium
chloride) as well as zinc oxide nanosheets synthesized with anionic surfactant SDS were studied by EL-
NAHHAL et al. [31].

As mentioned before, there are many reports regarding the synthesis of ZnO structures with different
methods. Many of these methods have been used toxic and expensive materials, long reaction time, and high
temperature. However, there are rare reports on the synthesis of ZnO structures through simple wet chemical
method using cationic, anionic, and nonionic surfactants with their effects on the antibacterial activity of
ZnO. In this study, ZnO was synthesized by wet chemical method at room temperature (RT), 40 °C and 60
°C and using different surfactants (CTAB, SDS, polyethylene glycol (PEG)). Systematic studies have been
done to investigate the effect of different surfactants on the morphology and antibacterial properties of ZnO
structures.

2. MATERIALS AND METHODS

2.1 Synthesis of ZnO

Zinc nitrate (Zn(NO3),.6H,0, >99.5%, Sigma Aldrich), sodium hydroxide (NaOH, >99%, Merck), ammonia
(NH3, Merck), ethylene diamine (EDA, >98%, Merck), cetyltrimethylammonium bromide (CTAB, Merck),
sodium dodecyl sulfate (SDS, Merck), polyethylene glycol (PEG 6000, Merck), pure ethanol (>99.99%,
Merck) and deionized water were used in this experiment. All the reagents used were of analytical grade
without further purification.

Certain amount of Zn(NOs),.6H,O and NaOH were dissolved in deionized water, separately. The
Zn(NOs),.6H,0 solution was then added drop-wise to the aqueous solution of NaOH under the stirring to
obtain a clear solution. The resulting solution was transferred to a 250 mL plastic beaker and then certain
amount of pure ethanol and EDA were added to the above solution, respectively. The room temperature (RT)
was monitored using a thermometer and the average temperature was 30 °C. The final mixture was kept at
RT, 40 °C and 60 °C respectively for 24 h. After the reaction, the precipitate was filtered and washed several
times with deionized water and alcohol and then dried at 60 °C in air overnight.

Table 1: Process variables and synthesized samples

sample SAMPLES CTAB-RT SDS-110 PEG-70
WITHOUT SUR-

Parameters FACTANT (WS)
Final temperature RT, 40 °C, 60 °C RT 110 °C 70 °C
Zinc nitrate 1478 g 29749 5.229¢g 1.405¢g
Sodium hydroxide |69 8¢ 3.839¢ -
Ammonia - - - 25 cc
Pure ethanol 100 cc 100 cc - -
Deionized water 10 cc 20 cc 78 cc 250 cc
EDA 30 cc 10 cc - -
CTAB - 049 - -
SDS - - 0.288 g -
PEG - - - 059

Products were signed as WS-RT, WS-40 and WS-60, respectively. CTAB, SDS and PEG were used to
investigate the role of cationic, anion and nonionic surfactants on the morphology and antibacterial activity of
ZnO. Similar procedure was adopted for samples containing surfactants with minor changes. For synthesis
of sample containing CTAB (CTAB-RT), a certain amount of CTAB was added to the NaOH solution. For
the sample containing SDS surfactant (SDS-110), a certain amount of SDS was dissolved in deionized water
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and then the SDS solution was added to the mixture of Zn(NO3),.6H,O and NaOH. In the case of the sample
containing PEG (PEG-70), instead of using NaOH solution, a solution of PEG and ammonia was added to the
Zn(NO,),.6H,0 solution. The detailed information about the synthesis condition of ZnO is given in Table 1.
Schematic of the preparation of the ZnO samples are shown in Figure 1.
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Figure 1: Schematic of the preparation of the ZnO samples.

2.2 Characterization

Crystal structure of the samples was performed by X-ray diffraction spectroscopy (XRD) model ETOE made
in Germany using a CuKa lamp with 40 kV voltage and 40 mA current over the range of 26 = 20°-80°. The
morphology of the samples was investigated by field emission scanning electron microscope (FE-SEM)
HITACHI S-4160 model made in Japan. For the FE-SEM analysis, the ZnO samples were dispersed in pure
ethanol in an ultrasonic aqueous bath before testing. Fourier-transform infrared spectroscopy (FTIR) analysis
was performed to investigate the functional groups existed at the ZnO surface.

2.3 Antibacterial assay

Antibacterial activity of ZnO samples against strains of S. aureus (gram positive) and E. coli (gram negative)
was evaluated by disc diffusion and colony-forming unit (CFU) methods. All materials were sterilized in an
autoclave before testing. The nutrient broth (NB) and nutrient agar medias were used to culture the S. aureus
and E. coli bacterias at 37 °C with shaking (200 rpm) in the incubator. In the disc diffusion method
(antibiogram disc diffusion), 10 mg of each ZnO sample were incubated at 37 °C for 24 h after being placed
in the culture medium. It should be noted that Gentamicin discs (10 pg antibiotics) were used as a control
sample. After 24 h, the antibacterial activity of the samples was evaluated by the measuring the diameter of
the inhibitation zone formed around the specimens. In CFU method, for microbial suspension preparation,
100 pl of suspension of each bacteria with a concentration of 107 CFU/mI was put adjacent to the liquid
growth medium (Nutrient Broth) and after vortex, was incubated at 37 °C with shaking (200 rpm) for 24 h.
Then, 1 ml of the growth medium containing the bacteria cultured adjacent to the specimen, was removed
and diluted using 9 ml double distilled water at ODgyq = 0.8 (optical density), which is the suitable optical
density of cells and then ZnO samples were added into the solution. Solution dilution was performed once
more with a 1 to 10 ratio. Finally, 10 pl of the said solution was cultured in a solid nutrient agar medium and
then incubated for 24 h to grow bacterial colonies. After 24 h, the number of bacterial colonies was counted
by a colonometer. ZnO-free culture medium, under the same reaction conditions, was used as control sample
after culture [26].



= BAZARI, M.; NAJMODDIN, N. et al . revista Matéria, v. 27, n.2, 2022.

3. RESULTS AND DISCUSSION
3.1 Morphology analysis

3.1.1 Surfactant-free samples

The morphology of the ZnO samples without surfactants at RT, 40 °C and 60 °C are shown in Figure 2.
FESEM images showed the WS-RT sample had rod-like morphology. As the temperature increased, it was
observed that the ZnO morphology deviated from the rod-like to irregular and agglomerated state.

The mechanism of ZnO formation is through the following route:

Zn** +40H~ — Zn(OH)* @

Zn(OH)?" — ZnO +H,0+20H" )

It has been reported that the molar ratio of Zn?/OH" during synthesis should be at least 1:4 for the
reaction to proceed [32]. For Zn**/OH" higher than 1:40, no precipitate is formed due to the high amount of
OH’ in the solution [32, 33]. Since the molar ratio of Zn?/OH" in this synthesis was 1:30, ethanol was used to
deactivate the OH" ions. Therefore, the reaction (2) moved to the right (ZnO formation). In alkaline synthesis,
the zinc anionic species Zn(OH),* is strongly adsorbed on the (0001) face of the ZnO crystal, which in this
case, growth along the (002) direction (c axis) increases, which leads to better growth and increase the aspect
ratio of ZnO [27]. On the other hand, EDA was added as an adsorbing ligand [34] that binds to Zn*" cations,
thereby reducing the radial growth of the rods. It has been revealed that increasing temperature over 60 °C
may accelerate agglomeration phenomenon and facilitate the particle growth which consequently influences
the ZnO morphology and particle size [35-37]. Moreover, the lowest temperature for formation of ZnO
powder has been reported to be 25 °C [36, 37].
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Figure 2: FESEM images of synthesized ZnO samples at different reaction temperatures: room temperature, 40 °C and
60 °C. Images of the WS-40 and WS-60 samples were taken at x30K and x60K magnification and the WS-RT sample at
x20K and x40K magnification, respectively.

3.1.2 Surfactant-containing samples
In order to investigate the role of surfactant on the growth of ZnO structures, CTAB-RT, SDS-110 and PEG-

70 were synthesized in the presence of cationic, anionic and nonionic surfactants. The FESEM images
(Figure 3) showed that the morphology of the samples changed significantly with the type of the surfactants.
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Moreover, all samples showed distinct, homogeneous and non-agglomerated structures.
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Figure 3: FESEM images of synthesized ZnO samples in the presence of CTAB, SDS and PEG surfactants. Images of
the SDS-110 and CTAB-RT samples were taken at magnification of x20K and x40K and images of sample PEG-70 at
x30K and x40K, respectively.

As can be seen, the CTAB-RT sample had worm-like morphology. Due to the presence of surfactant,
the surface tension of the solution decreases thereby reduces the energy needed to form a new phase [38].
Therefore, ZnO crystals can form at lower saturation [38]. In addition, one of the important factors affecting
the growth rate and crystal orientation is how the units of growth are adsorbed on the crystal surfaces [38],
which is a function of the type of surfactant interaction with the growth unit. In the ZnO growth process,
CTAB surfactant absorbed to the negative charge Zn(OH),>, due to its positive charge and could be
considered as a carrier for Zn(OH),*. As shown in Figure 4, these ion pair form a film on the surface of the
ZnO crystal and the growth process continue by releasing the growth units onto the crystal surface. Also, in
the crystallization process, the surfactant molecules prevented the agglomeration by controlling the growth
process by forming this film on the ZnO crystal. CTAB can also accelerate the reaction rate [38]. RANA, et
al. [39] reported spherical morphology for ZnO synthesized in the presence of CTAB. The discrepancy
between their results and ours could be related to the reaction temperature and the step of adding CTAB
surfactant during synthesis.
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Figure 4: The mechanism of ZnO formation in the presence of CTAB surfactant.
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In the SDS-110 sample, the addition of anionic surfactant resulted in ZnO structures with nut-like
morphology. This could be attributed to the type of interaction between SDS surfactant and the surfaces of
ZnO crystals. SDS is known as a gemini surfactant, which can be described as two independent surfactant
molecules connected by a bridge [40]. The SDS molecule contains SO,* which is absorbed by (0001) face of
ZnO crystal due to the presence of positive charge Zn?* ions on this face. As shown in Figure 5, in fact, each
germinal SDS can simultaneously absorb two ZnO nuclei on the (0001) face due to the Columbus force
function. Therefore, SDS can adhere two (0001) faces. As a result, growth is restricted to the c-axis direction
and can only occur in the (0001) face, with the lowest growth rate. As a result, twin nut-like structure of ZnO
was formed. WANG, et al. [41] synthesized ZnO nanorods in the presence of SDS, which differs with the
morphology of the SDS-110 in this study. The reason for this difference may be due to the use of Zn(OH), as
the main reactant instead of zinc nitrate in their work.

Sodium dodecyl sulfate (SDS) ZnO crystal
o ;
o\s/ — 5042' + Geminal
o/ Do nNat o properties of SDS
2"10
znlt
0,2

So,% '

Figure 5: Formation of nut-like ZnO in the presence of SDS.

In the sample containing PEG (PEG-70), in addition to Zn(OH),*, Zn(NH3),*" could also be formed
as a growth unit according to the following reactions:

Zn** +4NH, — Zn(NH,)** 3)
Zn(NH,)? +20H~ — ZnO +4NH, + H,0 4)

By adding PEG, these growth units are easily absorbed by the O atom in the C-O-C chain. In fact,
PEG can act as a carrier for these ions and transport them to the site of crystalline ZnO particles. Therefore,
growth occurs at active sites around the surface of the ZnO core [42]. In this case, the growth of ZnO crystals
occurs in the [0001] direction. Temperature increment to 70°C, increases the rate of production of
Zn(NH,),** growth units in the reaction system. When the growth rate corresponds to the rate of formation of
the ZnO core, only rod structures are formed at 70 °C. The mechanism of the efficacy of this surfactant is
shown in Figure 6. Therefore, PEG-70 had rod-like morphology with higher dispersion and quality than the
WS-RT sample. SUDHA, et al. [43] reported nanospheres ZnO in the presence of PEG, which differs from
the morphology of PEG-70 in this paper. The reason can be attributed to the use of ammonia instead of
sodium hydroxide in our research and also the synthesis temperature.
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Figure 6: Formation of ZnO rods in the presence of PEG.

3.2 Structural analysis

The XRD spectra of ZnO structures are shown in Figure 7. In all samples, sequences of structural peaks:
31.77° (100), 34.42° (002), 36.25° (101), 47.53° (102), 56.60° (110), 62.86° (103), 66.38° (200), 67.96°
(112) and 69.10° (201) were seen, which were in agreement with the ZnO structure (JCPDS#36-1451) [32].
In the PEG-70 sample, in addition to the above peaks, the structural peaks 20.21° (110), 20.91° (101), 25.10°
(011), 27.84° (201), 42.17° (112), 47.83° (302), 57.40° (110), 59.59° (421), 60.66° (302) and 62.85° (119)
were observed respectively, which were consistent with the structure of Zn(OH), (JCPDS#48-1066). All
three CTAB-RT, SDS-110, and WS-RT samples exhibited the same diffraction pattern without any impurity,
suggesting the formation of ZnO with hexagonal phase. SDS-110 sample spectrum had a higher peak
intensity than the other two samples. EADI et al. reported that SDS has a positive effect on the crystallinity
of ZnO powders. In this procedure, (SO,%) unit was absorbed to the (0001) face of ZnO from a nut-like
structure and the (SO,*) unit was sandwiched between two (0001) faces and ZnO crystal growth happened
along (0001) faces [44]. The difference between the pattern of PEG-70 and other samples could be due to the
presence of the Zn(OH), along with ZnO [41].
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Figure 7: Powder X-ray diffraction pattern of synthesized ZnO samples.
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3.3 Fourier-transform infrared spectroscopy analysis (FTIR)

The functional groups of the samples were analyzed by FTIR spectroscopy. The FTIR spectra of WS-RT,
CTAB-RT, SDS-110 and PEG-70 in the range of 600-4000 cm™ are shown in Figure 8. The major peaks of
WS-RT samples were observed at (3669 and 3421), (2976 and 2920), 1388, 1250 and 890 cm™, which were
related to O-H stretching, C-H stretching, C-H bending, C-O stretching and formation of tetrahedral
coordination of Zn, respectively [45].

The CTAB-RT sample spectra showed characteristic peaks (3646 and 3391), (2922 and 2908), 1377,
1176, and 867 cm™, which were related to O-H stretching, C-H stretching, C-H bending, C-N stretching, and
formation of tetrahedral coordination of Zn, respectively. Higher intensity and peak broadening were seen at
3391 cm™ and 1377 cm™ in the CTAB-RT sample compared to the WS-RT sample [23, 39].

The characteristic peaks of SDS-110 were observed at (3746 and 3437), (2924 and 2904), 1384, (1256
and 1102), 879 and 650 cm™ which were related to O-H stretching, C-H stretching, S=O stretching, C-O
stretching, formation of tetrahedral coordination of Zn and stretching vibration of ZnO band, respectively.
The band intensities also decreased in SDS-110 sample compared to WS-RT sample [23, 41].

In the PEG-70 spectra, the characteristic peaks appeared at (3744 and 3232), 1461, 1251, (1091 and
1030), and (849 and 773) cm™ were related to O-H stretching, C-H bending, C-O stretching, C-O stretching
and formation of tetrahedral coordination of Zn, respectively. Higher peak broadening related to O-H
stretching vibration of PEG-70 compared to the WS-RT sample could be due to the presence of OH group in
the structure of PEG along with OH group in Zn(OH), detected in the XRD pattern of this sample [46].
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Figure 8: FTIR spectra of ZnO structures.

3.4 Antibacterial analysis

The antibacterial ability of ZnO structures was examined by disc diffusion method, which involves the
destruction of the bacterial wall. Antibacterial agents are drugs with selective concentrations that are capable
of damaging or inhibiting bacterial growth and are not harmful to the host [47]. These compounds act as
chemicals to treat or prevent bacterial infections [23, 47]. The inhibition zone is an area where bacterial
growth is stopped due to the antibacterial property of the sample [23]. The diameter of the inhibitory zone
indicates the antibacterial activity of the sample [23]. Antibacterial activity of ZnO structures is attributed to
various mechanisms including direct contact of ZnO structures with bacterial cell wall, integrated destruction
of bacterial cells, release of antibacterial ions such as Zn** from ZnO, and formation of reactive oxygen
species (ROS) which can damage the bacterial cell wall [26]. ROS include superoxide anion (O,"), hydrogen
peroxide (H,0,), and hydroxide (OH"). The toxicity of these species involves the destruction of cellular
components such as lipids, DNA, and proteins. Another mechanism involved in the elimination of bacteria is
the release of Zn** from the ZnO sample. The released Zn** has an important role in inhibiting active
transport, as well as amino acid metabolism and disruption of the enzyme system.
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Figure 9 shows the extent of growth inhibition by WS-RT, CTAB-RT, SDS-110 and PEG-70 samples
against E. coli and S. aureus strains. All ZnO samples showed stronger antibacterial activity against S. aureus
(gram positive) strain than E. coli (gram negative) strain. The reason for this is attributed to the different cell
wall structure of these two species of bacteria. The cell wall of gram-positive strain is relatively simple and
has a cytoplasmic membrane with multi-layered polymeric peptidoglycans and a thick cell wall (20 to 80 nm)
[48]. Whereas, the gram-negative cell wall is composed of two cell membranes, one outer membrane and one
plasma membrane with a thin layer of peptidoglycan with thickness of 7-8 nm. Therefore, compared to gram-
positive bacteria, gram-negative strains are more resistant to antibiotics because of their impenetrable wall.
Among the synthesized zinc oxide samples, the PEG-70 showed the highest antibacterial activity in disc
diffusion test.

I: WS-RT 2:SDS-110  3: CTAB-RT  4: PEG-70

Zone inhibitation (mm)
~N w - o o ~

-

o

Figure 9: Inhibition zone for WS-RT, CTAB-RT, SDS-110 and PEG-70 samples against E. coli and S. aureus.

Figure 10 and Table 2 show the number of colonies formed by both E. coli and S. aureus strains for
WS-RT, CTAB-RT, SDS-110 and PEG-70 samples. Similar to the disc diffusion test, the activity of both
bacterial strains was restricted by all samples, and the number of colonies per sample was lower for S. aureus
than for E. coli. According to the growth inhibition test (the disc diffusion test) and the CFU method, the
antibacterial activity of the ZnO samples, from lowest to highest, was WS-RT < SDS-110 < CTAB-RT <
PEG-70, respectively. Factors affecting the antibacterial properties of ZnO include morphology, particle size
and concentration, surface properties, etc. The results showed that the antibacterial effect of the CTAB-RT
was greater than SDS-110, which may be related to the amount of ROS formation by the sample. According
to FTIR analysis, the CTAB-RT sample had a stronger O-H bond than the SDS-110 sample, which could
exacerbate ROS and antibacterial activity [26].

Table 2: Report on the number of colonies formed of all synthesized zinc oxide samples against S. aureus and E. Coli
bacteria.

Sample E. coli S. aureus
Control 869178 764145
WS-RT 245412 128+23
SDS-110 210+11 98+25
CTAB-RT 14+3 9+1
PEG-70 7+1 442
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According to data obtained from disc diffusion test and CFU method, the highest antibacterial activity
was related to the sample of PEG-70. According to XRD analysis, this sample contained Zn(OH), phase.
According to FTIR analysis, due to the presence of Zn(OH), as well as the presence of O-H bond in PEG
structure, stronger O-H bond was observed in this sample which could increase generation of ROS and in this
way, it improves antibacterial activity [26]. Moreover, it has been reported that the rod and wire shape of
ZnO penetrate into cell walls of bacteria more easily than spherical one [26]. Therefore, it is expected that
rod-like morphology of PEG-70 also contributes to the antibacterial activity of this sample. The antibacterial
effect of the ZnO sample in the presence of PEG was also reported by NAIR, et al. [49] using CFU assay. In
NAIR, et al. study, loss of E. coli membrane before and after ZnO exposure, was investigated by SEM. Thus,
the simultaneous antibacterial effect of PEG and Zn(OH), duo to the presence of OH group as well as rod-
like morphology of PEG-70, caused the highest antibacterial property of this sample among the other ones in
this study.

(2)

(b)

(d)

(e)

Figure 10: Colonies formed against S. aureus (left) and E. coli (right) for samples (a) PEG-70 (b) CTAB-RT (c) SDS-
110 (d) WS-RT (e) Control.
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4. CONCLUSIONS

In this study, different types of ZnO morphologies including worm-like, nut-like and rod-like were
synthesized by using the wet chemical method in the presence of cationic, anionic and nonionic surfactants,
respectively. Structural analysis showed that all the samples had ZnO phase. Based on XRD result, the PEG-
70 sample has some Zn(OH), in addition to ZnO. FTIR spectra showed that the PEG-70 sample had stronger
OH bond. Disc diffusion test and CFU method showed that the presence of surfactants in the synthesis of
ZnO structures influenced the antibacterial activity of the samples. All the samples showed antibacterial
activity. Moreover, PEG-70 sample showed the greatest inhibition against bacteria growth. Therefore, ZnO
has a high potential to use as surface coating at various areas for applications such as inhibiting the
attachment and growth of microorganisms and forming biofilms residing in medical devices.
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