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Abstract
Antibiotic resistant pathogen is one of the most urgent issues facing global health care. 
Zinc oxide nanoparticles (ZnO NPs) have demonstrated a strong antibacterial capacity 
against both gram-positive and gram-negative bacteria, according to a number of studies. 
In the present study, ZnO NPs were synthesized using laser ablation in water technique 
by various laser energies and wavelengths. The optical absorption study proves the high 
peak absorption and the blue shift at 1000 mJ laser energy and 1064 nm wavelength. UV 
visible spectroscopy shows an absorption peak seen at (255–342) nm and the estimated 
optical band gap was 3.8 eV. Fourier transform infrared spectroscopy confirms the appear-
ance of stretching mode Zn–O bond at 667  cm−1. The notice Raman peaks at 437 and 
380 cm−1 were assign to the E2 (high) and A1(TO) modes respectively. The broad band 
at 330 cm−1 is due to second order Raman scattering. X-ray diffraction shows a hexagonal 
wurtzite phase of ZnO at 2θ ≈ (32.5°, 33.9°, 37.1°, 57.24°, and 63.6°) correspond to the 
diffraction planes of (100), (002), (101), and (110), (103), respectively. Chemical composi-
tion using Energy Dispersive X-Ray analysis ensured the high purity sharp peaks for Zn 
and O. High-Resolution Transmission Electron Microscope HR-TEM showed the creation 
of hexagon-shaped ZnO nanoparticles with average particle diameter of the produced ZnO 
nanoparticles was found to be 35 ± 5.1 nm. Dynamic light scattering shows particle size of 
35 nm and zeta potential of − 37 mV which means high dispersity. Bacterial sensitivity test 
shows interesting antibacterial activity in concentration dependent manner and there is a 
remarkable effectiveness of ZnO NPs against negative gram Escherichia coli than positive 
gram strain Staphylococcus aureus.
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1  Introduction

Nanotechnology is the field of science takes care of studying the materials in size ranging 
1–100 nm (Anu et al. 2020). There are several methods for synthesizing the nanoparticles 
lies in this range (Govindasamy et  al. 2023a). The manufactured particles have different 
morphologies, such as nanospheres, nanorods, nanoribbons, nanobelts, and nanoplate-
lets (Thakur and Thakur 2023). Because of their size, shape, and large surface area, the 
NPs have special chemical and physical characteristics (Thakur and Thakur 2023; Govin-
dasamy et  al. 2023b; Balkrishna et  al. 2021). Nanotechnology can be used for a variety 
of novel applications, such as advanced medical procedures, food processing, innovative 
fabric compounds, and agricultural productivity (Sahoo 2010; Pal et al. 2007; Ashe 2011; 
Batros et  al. 2023). Their unique characteristic makes them potentially useful in a vari-
ety of sectors, including biosensors, nano-medicine, and bio-nanotechnology (Sirelkhatim 
et al. 2015; Kumar et al. 2023a).

It has been discovered that metals oxide nanoparticles have interesting antibacterial 
action (Sukhdev, et al. 2020; Basosila, et al. 2023; Kumar et al. 2023b). Zinc oxide NPs 
one of the most significant functional nanomaterial have a broad band gap energy (3.37 
eV) and a substantial excitation binding energy (60 meV) (Tanna et  al. 2015; Thakur 
et al. 2021). ZnO nanostructures in a variety of forms hold great potential for use in gas 
sensors,  electrochemical sensors, light emitters,  paints, personal hygiene products, cata-
lysts, paints, display windows, and solar cell windows (Atrazina et al. 2011; Abbas et al. 
2023). ZnO NPs can be utilized as an antibacterial agent since it possesses a number of 
qualities, such as strong antimicrobial activity, excellent thermal stability, and exceptional 
biocompatibility(Abebe et  al. 2020). Different ZnO nanostructure morphologies show 
antibacterial activity against a variety of bacterial species that have been studied by many 
researchers (Zhu et  al. 2016; Hosseini VeleshKolaei et  al. 2023). Antibacterial activity 
can be defining as the process that stops or restricts the growth of bacteria. It can also be 
explained as a consequence of the surface area that is in touch with the microbes. When 
an antibacterial substance stops bacteria from growing or kills them, it is referred to as 
bacteriostatic. Several studies suggest that zinc oxide (ZnO) is a highly effective antibacte-
rial agent against both gram positive (Escherichia coli) and gram negative (Staphylococcus 
aureus) bacteria (He et al. 2002; George et al. 2010; Yudasari et al. 2019).

ZnO NPs produced using different methods such as chemical, physical, and biological 
techniques. These methods include sol–gel, chemical process, thermal plasma, hydrother-
mal techniques, green synthesis, and laser ablation etc. (Jurablu et al. 2015; Madathil et al. 
2007; Ko et al. 2006; Thakur and Kumar 2020; Haider et al. 2018).

Pulsed laser ablation in water (PLAW) approach may create high-purity nanomaterials 
in an easy and affordable preparation procedure without the need of a hazardous chemical 
mixture (Khashan 2016; Abdulwahid et  al. 2023a). It is a physical top-down production 
technique based on the idea of splitting metal ion bulk precursors into the atoms of metal 
(Haider, et al. 2023; Ahmed et al. 2023). Researchers are interested in the PLAW because 
it is a good and modern way to create different kinds of nanomaterial. The success of the 
pulsed laser approach in creating various sized and shaped NPs that are utilized in several 
applications highlights its significance in a liquid environment (Abdulwahid et al. 2023b; 
Haider et al. 2021a).

Most notably, it has been shown that several parameters, including the wavelength of 
the laser, the fluence, laser pulse duration, solution pH, surfactant addition, and solution 
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temperature, may all be used to influence the size of synthesized material (Ishikawa et al. 
2006; Solati et al. 2013; Drmosh et al. 2010).

In the presented study, the optimum condition of manufacturing ZnO NPs and its anti-
bacterial activity against the both gram strains bacteria (positive and negative). the syn-
thesizing of ZnO NPs by laser ablation method was environment friendly and a suitable 
method. In the subsequent sections, we have discussed extensively the physical properties 
of ZnO NPs in terms of morphology, optical properties, chemical composition, crystallin-
ity, dispersity, and bonding energy. Then tested the antibacterial activity and the minimum 
inhibitory concentration (MIC) of different zinc oxide concentration comparing with silver 
nitride as a control agent.

2 � Experimental work

2.1 � Materials and methods

In the present study zinc oxide NPs produced using laser ablation in liquid method. A 
high purity zinc sheet (99.999%, BDH chemical Ltd pool, England) cutting to a small tar-
get (1 × 1 × 0.1) cm and cleaned with ethanol, acetone and distilled water to leftover any 
unwanted organic impurities. XRD pattern of the pure zinc sheet employed in this work 
showed in Fig. 1.

The target placed in a small glass vessel contain 5ml of distilled deionized water (DW) 
at room temperature. Applying Nd:YAG laser Q-switched (Huafei Tongda Technology-
DIAMOND-288 pattern EPLS) of a specific characterization: (532 nm, 1064 nm) wave-
length, (600, 800, 1000) mJ laser energy, 25 min exposure time, and 10 ns pulse width. 
The laser beam was focused on the target using convex lens of 10 cm focal length. As a 
first insight of producing NPs the water color varied and tend to turbid brown. The PLAW 
process represent in Fig. 2.

Previous research has classified the reactions involved in the production of ZnO nano-
structures by PLAW into two categories: chemical and physical responses (Abbas et  al. 

Fig. 1   XRD of the zinc sheet 
used in our work (inset:target 
dimension)
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2023; Al-Kinani et al. 2021). The temperature of the illumination spot quickly rises when 
the laser beam concentrates on the solid target material’s surface in the liquid media, evap-
orating the target material (Yousif et al. 2012; Haider et al. 2022). A dense zinc plasma 
zone forms on the liquid–solid boundary when a laser beam is ablated onto the zinc metal 
surface. In this experiment, the liquid medium is distilled water. This adds extra pressure 
to the plasma and limits its expansion, making it denser than the plasma created in the 
absence of liquid environment (Khashan and Abbas 2019). Zinc clusters are created when 
the plasma extinguishes after expanding adiabatically and rapidly. A cavitation bubble is 
created when the plasma vanishes and grows gradually till it collapses at its largest size 
(Khashan and Abbas 2016; Haider et al. 2021b). It is thought that the collapse of the cavi-
tation bubble, which releases high pressure and temperature into the surrounding environ-
ment, aids in the creation of ZnO NPs. In the meantime, zinc hydroxide, Zn(OH)2 will 
further break down to make ZnO are formed when the zinc clusters generated by plasma 
react with the surrounding water medium (Al-Obaidy et al. 2023).

2.2 � Characterization of ZnO

The ZnO NPs were identified by using a twin beam UV–VIS spectrophotometer (Shi-
madzu UV-1800), the optical absorption of colloidal NPs was determined between 200 
and 800 nm. Using Shimadzu 8000 Series Fourier transform infrared (FTIR) spectroscopy, 
the bond vibrations of NPs in the 400–4000 cm−1 range were detected. Raman scatter-
ing measurements of ZnO NPs, were performed in the backscattering geometry by Raman 
microscope (LabRAM Aramis, Horiba Jobin Yvon S.A.S, Lille,  France), equipped with 
a laser source operating at 532 nm at room temperature, in the air. Using CuK at 1.5406 
Å wavelengths, X-ray diffraction (XRD) studies were carried out at 40 kV and 30 mA 
(AERIS PAN analytical, Japan). Using increments of 0.05°/s, the samples were examined 

Fig. 2   pulsed laser ablation in water (PLAW) process
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at intervals of 2θ between 20 and 80°. High-Resolution Transmission Electron Microscope 
(JEM-2000 EXII, JEOL, Tokyo, Japan) at 120 kV are used for study the morphology of the 
nanostructures. For HR-TEM, the sample solution placed on a 200 mesh formvar carbon-
coated copper grid (TABB Laboratories Equipment). The sample’s chemical composition 
disperses X-ray energy (Axia Chemi scanning electron microscope). Zeta potential and 
particle diameter are confirmed by dynamic light scattering (DLS) (Malvern Zetasizer ZS, 
Malvern, UK).

2.3 � Antibacterial study

A variety of techniques have been used to evaluate and research antibacterial activity 
in vitro. Agar dilution, the microtiter plate-based technique, disk diffusion, and broth dilu-
tion are some of these techniques (Premanathan et al. 2011). Using the experiment of agar 
disc diffusion, the antibacterial activity of five different doses of ZnO NPs were observed. 
In order to make sure there is no contamination, the agar plates used for the antibacterial 
test were incubated for the entire night. After being removed from the agar plates, the iso-
lated bacteria were put into 100 ml of nutritional broth. The Orbital Shaker Incubator was 
used to incubate the bacterial suspension overnight at 37 °C and 100 rpm. With a sterile 
glass spreader that was 90 degrees bent, 100 μl of bacterial suspension was applied to the 
nutritional agar surface. For 48 h, the plates containing ZnO NPs and bacteria were incu-
bated at 37 °C. Using a meter ruler, the diameter of each inhibition zone was measured 
after the inhibition zones of each sample were examined. Antibacterial examination was 
performed on two bacterial strains positive gram (Staphylococcus aureus, ATCC 25922, 
NCTC 8532 [IAM 12544, R. Hugh 2605]) and negative gram (Escherichia coli, ATCC 
25922, FDA strain Seattle 1946 [DSM 1103, NCIB 12210]).

2.4 � Statistical analysis

The mean ± standard division (SD) was used for the statistical analysis of our results. SPSS 
version 27 was used to evaluate statistical significance. Results p < 0.05 and p < 0.01 are 
defined as the criteria for statistical significance.

3 � Results and discussions

3.1 � Choose optimized parameter

The use of UV–vis spectrum can be considered as a first indication of NPs properties. In 
this study two parameter of laser altered: laser energy (600, 800, and 1000) mJ and wave-
length (1064 and 532) nm. The generation of ZnO NPs via PLAW is confirmed by the 
strong absorption peak seen ranging from (255–342) nm. It is clear that a sizable abrupt 
absorption of ZnO signifies that the dispersion of NPs is mono-dispersed. The characteris-
tics absorption peak of hexagonal wartizite ZnO was less than 400 nm (Umar et al. 2022). 
Because of ZnO’s direct bandgap, this distinctive peak of absorption is a consequence of 
various factors including doping, surface imperfections, crystallinity, and particle size. 
The absorption peak shifts to the blue as a result of increased quantum confinement effects 
caused by ZnO nanoparticle size reduction. These results make a good agreement with 
the previous reported (Talam et al. 2012; Goh et al. 2014). The excitonic absorption of the 
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produced ZnO NPs showed a notable blue-shift when compared to the bulk ZnO (373 nm) 
(Xin-Hua et al. 2006; Debanath and Karmakar 2013).

Regarding the laser pulse energy, earlier studies have demonstrated that an increase in 
laser pulse energy resulted in an increase in the number of particles ablated (Solati et al. 
2014). This explained in high productivity and raise in the absorbance peak. A substance’s 
absorbance is correlated with its concentration. This term explains as the amount of light 
which is absorbed depends on the number of molecules that the light interacts with. This 
concept is evident from our findings which is preview in Fig.  3a and b. Comparing the 
value of absorbance as a function to the laser energy, it is found maximum absorbance in 
the sample prepared at 1000 mJ. This behavior was apparently for both wavelengths used.

The effect of wavelength can be explained as a function of photon energy. The number 
of particles reduces with increasing photon energy when the pulse energy stays constant. 
This could be the reason why photon energy is less important to the ablation rate than pho-
ton number. A lower absorbance amount clearly demonstrates that there are less particles 
in samples created by a 532 nm laser pulse.

Figure 4a comparing the effect of changing wavelengths (1064 and 532) nm at a con-
stant laser energy 1000 mJ. The peak absorbance at 1064 nm was little shift towards 

Fig. 3   UV–vis absorbance of different laser energy (1000, 800, and 600) mJ (a 532 nm, b 1064 nm)

Fig. 4   a UV–vis absorbance of different laser wavelength at 1000 mJ laser energy. b Band gap of the opti-
mum ZnO NPs
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blue region. The excitation absorption’s blue-shift amply demonstrates NPs’ quantum 
confinement feature. The absorption edge shifted to a lower wavelength when the par-
ticle size shrank in the quantum confinement range due to a rise in the particle’s band 
gap.

From the results shown above, it can clearly see that using the highest laser power, 
which is 1000 mJ and the wavelength 1064 nm, gave the best results. These best results 
will apply for all the next analysis.

The band gap estimated using Tauc plot study for the sample of the optimum condi-
tion was presented in Fig. 4b. The optical band gap was 3.8 eV this was compatible with 
earlier findings(Debanath and Karmakar 2013; Almaary et al. 2023).

3.2 � FTIR analysis

FTIR spectroscopy concedered as a flexible method for examining chemical interactions 
in a range of substances, including liquids, solids, and gases. Researchers can aquire 
important information about molecule structure, bonding, conformational dynamics, 
and intermolecular interactions within the sample by examining the spectrum patterns 
and changes shown in FTIR data. Figure 5 illustrates the ZnO NPs’ prepared using the 
optimum ablation results which was identified via FTIR spectroscopy. O–H stretching 
vibrations is the fundamental mode vibration caused considerable absorption band at 
3435 cm−1. The peak observed at 2075 cm−1 referred to the presence of C=O stretching 
mode due to the existence of carbon in the environment. There is another peak located 
at 1634 cm−1 correspond to bending stretching mode of O–H. The fingerprint area, or 
below 1000 cm−1, is where metal oxides typically display absorption bands caused by 
interatomic vibrations (Khan, et al. 2016). Peak at 667 cm−1 indicate that ZnO NPs are 
in a stretching vibration mode which is in good agreement with (Sagar Raut 2015; El-
Gammal 2016).

Fig. 5   FTIR spectra of ZnO NPs prepared by PLAW
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3.3 � Raman shift

The Raman signals exhibit high sensitivity to both crystal defects and crystal structure. 
ZnO has a wurtzite (hexagonal) crystal structure, which is a related to the C4

6v
 space group. 

Each primitive cell in this group has two formula units, and all of the atoms occupy the 
C3v sites (Khan 2010). The vibration phonons are usually divided into eight sets: the polar 
A1 and E1 mode divides into longitudinal optical (A1L and E1L) and transverse optical 
(A1T and E1T) phonons, and the E2 mode consists of two Raman-active low-frequency 
and high-frequency phonon modes (E2L and E2H) (Junlabhut et al. 2014). The irreducible 
representations Ӷopt = A1 + E1 + 2E2 + 2B1 can be used to categorize the zone-center opti-
cal phonons. The A1 and E1 modes are polar and both Raman and infrared active, while 
the B1 modes are silent. The E2 modes are nonpolar and only Raman active (Cuscó et al. 
2007).

Figure  6 shows Raman scattering spectra at room temperature. The most prominent 
sharp peak, denoted as E2 (high), was detected at 437 cm−1. This peak is recognized as the 
Raman-active optical phonon mode and is typical of the wurtzite hexagonal phase ZnO. 
The Raman processes of second ordered are responsible for the peak observed at 330 cm−1 
(Zhou et al. 2013).The peak appeared at 380 cm−1 belongs to A1(TO). The peak at 331 
cm−1 referred to Ehigh

2
− Elow

2
 (Šćepanović et al. 2010).

3.4 � XRD analysis

The produced ZnO NPs’ XRD pattern was obtained as illustrated in Fig.  7. As men-
tion above, the sample prepared using (1000 mJ, 1064 nm). According to the electron 
diffraction data, the XRD pattern shows that the hexagonal wurtzite phase of ZnO has 
formed. The hexagonal wurtzite phase is significant in the field of antibacterial activ-
ity because it has a high surface area-to-volume ratio that facilitates better contact with 
bacterial cells. Also, wurtzite phase can improve ZnO NPs’ ability to enter bacterial 
cells and hence increase their antibacterial action. The XRD pattern’s peak broaden-
ing amply demonstrates the presence of tiny nanocrystals in the samples. No indica-
tions of impurities or bulk residual materials are present. The produced particles’ good 
crystallinity is indicated by the strong diffraction peaks. Zinc atoms occupy half of 

Fig. 6   Room temperature Raman 
spectra of ZnO NPs
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the tetrahedral sites in ZnO crystallizes in the wurtzite structure, where oxygen atoms 
are organized in a hexagonal close-packed form. A number of peaks at 2θ ≈ (32.5°, 
33.9°, 37.1°, 57.24°, and 63.6°) are visible in the figure, which correspond to the dif-
fraction planes of (100), (002), (101), and (110), (103), respectively, representing zinc 
oxide hexagonal nanostructure (JCPD 00–036-1451). Table 1 shows the important XRD 
parameter. Using the data of XRD analysis, the estimated ZnO NP size was determined 
via the use of Debye–Scherrer’s (Khashan and Abbas 2019; Haider et al. 2019) formula, 
which yields the following equation:

where β is the full width half maximum (FWHM) and λ is the X-ray wavelength, which is 
equivalent to 1.5406 Å. Consequently, it is possible to determine that the ZnO NPs’ typical 
crystallographic size is 42nm. Wang et al. and Dash et al. have both produced findings that 
are comparable (Dash et al. 2019; Wang et al. 2015).

(1)D =
0.9λ

βCosθ

Fig. 7   XRD patterns of ZnO NPs with standard (JCPDS card NO 36–1451)

Table 1   summarized XRD 
analysis details of ZnO NPs

Pos. [°2θ] Crystallite size 
[Å]

d-spacing [Å] Orientation

32.5 451 2.7527 (100)
33.9 182 2.63945 (002)
37.1 456 2.4218 (101)
57.24 198 1.60813 (110)
63.6 204 1.46212 (103)
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3.5 � Morphological analysis

More information of studying ZnO NPs morphology obtained by TEM analysis presented 
in Fig. 8a. TEM micrographs showed the creation of hexagon-shaped ZnO nanoparticles, 
with sizes ranging from 10 to 80 nm. This confirms the results obtained from the XRD 
analysis. Our findings match with those of Flemban (2023), who verified the environmen-
tally friendly synthesis of ZnO nanoparticles using laser ablation that had spherical and 
hexagonal shapes. The mean particle diameter of the produced ZnO nanoparticles was 
found to be 35 ± 5.1 nm, according to the particle size distribution (Fig. 9b).

The elemental composition of ZnO NPs generated by laser was investigated using EDX, 
as shown in Fig.  9a. ZnO NP production is indicated by the sharp peaks for Zn and O, 
which are shown to be 39.2% and 53.5%, respectively, in the EDX spectra. The presence of 
small peak of 7.3% of carbon can be attributed to the laboratory circumstances. The high 
purity of the prepared ZnO NPs as antibacterial agent is very important manner. confirm-
ing the high purity of ZnO NPs is crucial for maximizing their antibacterial effectiveness, 
biocompatibility, and accuracy in various applications, such as wound healing.

Figure 9b–d shows ZnO NPs film provided the elemental maps (C, Zn, and O) for EDX. 
The relative intensity scale (0–2) for C, Zn, and (0–3) in O case. the color presentation of 
each element in bright (element-rich) and black (element-deficient) states, respectively, are 
used to depict each map. Over the entire measured region, the elements exhibit a consistent 
and homogeneous distribution.

3.6 � Dynamic light scattering

The average particle size of the produced ZnO NPs was established by dynamic light scat-
tering (DLS) analysis. The particle size distribution vs. intensity presented in (Fig. 10a). 
DLS examination yielded an average particle size of 35 nm, which is agreement with the 
result presented from HR-TEM study revealed.

The polydispersity index (PDI) of the NPs can be found out via the DLS analy-
sis. Important information about the homogeneity of particle sizes throughout the NP 

Fig. 8   a HR-TEM of ZnO NPs b histogram of ZnO NPs size distribution
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sample is provided by the PDI. The range of the PDI scale is 0 to 1. Suspension homo-
geneity is indicated by a PDI score of less than 0.4. Conversely, a PDI score above 1 
indicates a high degree of heterogeneity in the suspension (Danaei et al. 2018). In this 
study the PDI estimated was 0.197 which represent the particle size distribution is very 
narrow.

The ZnO NPs’ zeta potential measurement is shown in (Fig.  10b). One commonly 
utilized measure to predict the stability of colloidal suspension of produced ZnO NPs 
is the zeta potential. Since alterations to these characteristics have a substantial impact 
on a NPs’s biological function, this analytical tool is dependable and easy to use for 
examining the electrostatic charge on the surfaces of NPs in a colloidal dispersion. It 
also offers insights into the stability and aggregation of NPs. It indicates the strength 
of the repulsion between particles in the dispersion medium that have similar charges. 
The negative charge of the NPs is related to their increased stability; that is, NPs with 
a higher negative charge (< − 30) demonstrated stronger stability (Drmosh et al. 2010). 
Particle aggregate and poor dispersity may result from reduced repulsive interactions 
between particles, as indicated by a low or nearly zero zeta potential. Aggregation can 
cause irregular performance because it produces bigger particle clusters that settle out 
of solution more easily. The ZnO NPs’ zeta potential values in the current investigation 
were (− 37 mV). While the values of highly stable dispersions exceed approximately 30 
mV, this outcome demonstrates the high stability of the NPs ablated by pulsed laser.

Fig. 9   a EDX analysis of ZnO NPs, b, c and d EDX analysis map of elements: O, Zn, and C, respectively
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3.7 � Antibacterial activity

In the medical field, antibiotic resistant pathogen, are a serious problem. The complex 
mechanisms possessed by these antibiotic resistant pathogen strains enable them to resist 
the effects of antibiotics, thereby increasing the difficulty of treating and managing their 
infections (Salman et  al. 2018). Scientists are continuously researching new active com-
pounds like NPs, which have unique properties such their large surface area, compact size, 
and ability to penetrate bacteria, in order to improve their antimicrobial effect (Fouda et al. 
2023). In comparison to its bulk material properties, ZnO demonstrates notable antibacte-
rial capabilities at the nanoscale (Rashid et al. 2022). Because small particles have a larger 
surface area than larger ones, which can alter the biological functionality of some cells, 
particularly strains of bacteria (Ismail et al. 2018). The concentration of the NPs and the 
starting bacterial concentration have a considerable impact on the antibacterial activity of 
the particles (Abbas et  al. 2023). Therefore, in this work, the concentration of the NPs 
is the primary determinant of their antibacterial activity. Because the NPs’ vast surface 
area increases with decreasing particle size, their antibacterial activity increases as well, 
increasing their membrane permeability. It is thought that the process by which ZnO’s 

Fig. 10   illustrate ZnO NPs (a particle size distribution, b zeta potential)
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surface produces hydrogen peroxide, which stops bacterial growth, is what breaks down 
bacterial cells.

Here, ZnO NPs manufactured by employing the PLAW technique and choosing the 
optimum condition. In this work, the antibacterial activity of zinc oxide NPs against both 
strains gram-positive (S. aureus) and gram-negative (E. coli) bacteria is interesting. It was 
found that the level of inhibition of bacterial growth observed in this study varied and was 
concentration-dependent. The antibacterial activity of ZnO NPs against S. aureus and E. 
coli is displayed in Fig. 11. In this work various concentrations were employed (25, 50, 
100, 150, and 200)  µg/ml in antibacterial assay. The use of clean distilled water is rep-
resented by the first column (DW), and the usage of silver nitride (AgNO3) is shown by 
the last (control agent). The effect of high concentration NPs exceeded the effect of the 
control agent AgNO3. The values of the affectivity recorded in details at Table 2. There 
is a remarkable difference in the antibacterial activity of ZnO NPs against negative gram 
than positive gram strain. The results of this work in good agreement with previous study 
(Azam et al. 2012). The electrostatic interaction between the positive charge of NPs and 
the negative charge of bacterial cell surfaces is generally what drives NPs’ antibacterial 
activity, and it is essential to NPs’ ability to function as bactericidal agents (Maqbool, et al. 
2016). The release of ROS onto the NPs’ surface, which binds to the surface and damages 
the bacteria via electrostatic forces, could account for the proposed inhibitory mechanism. 
Furthermore, it was proposed that the mechanical contact between the bacteria and the 

Fig. 11   Antibacterial activity of ZnO NPs against E. coli and S. aureus. (DW: distilled water, AgNO3: con-
trol agent). Data are presented as (mean ± SD (*p < 0.05; **p < 0.01; ***p < 0.001); n = 3)

Table 2   Antibacterial activity of ZnO NPs

Bacterial strain Inhibition zone (mm)

Concentration 
µg/ml

DW 25(MIC) 50 100 150 200 AgNO3

Positive-gram S. aureus 0 5 6 10.25 14.5 17.2 10
Negative-gram E. coli 0.2 5 10 11 15 18 10.2
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ZnO surface, caused by free Zn+2, largely led to an antibacterial effect (Cruz et al. 2020). 
Table 3 shows various shapes ZnO NPs produced using different methods from previous 
publications as a detailed comparison study.

4 � Conclusion

The synthesize of ZnO NPs with varying laser ablation energies and laser wavelengths was 
investigated. The prepared ZnO NPs’ size and concentration are influenced by the energy 
of the PLAW. It can be concluded at higher laser energies and wavelengths; the concen-
tration rises and the particle size decreases. The optimum laser parameter was 1064 nm 
wave length at 1000 mJ laser energy. The manufactured ZnO NPs was wurtzite, hexago-
nal shape, high disparsity − 37mV, narrow range particle size 35±5.1 and high stability. 
HR-TEM, EDX results, Raman scattering, and XRD diffraction peaks all demonstrate the 
formation of high-quality ZnO NPs free of impurities and other secondary phases. Anti-
bacterial activity assay of ZnO shows concentration dependent results with a good value 
of inhibition zone findings (18 mm for E.coli and 17.2 mm for S.aureus). The ZnO NPs 
synthesis by PLAW have a very good value of antibacterial assay results against the most 
popular pathogen (E. coli and S. aureus) which make it possible to be utilized in wound 
healing field.
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