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Abstract 

Nanostructured materials have garnered significant attention due to their remarkable chemical and physical 
characteristics. Because of their exceptional qualities and potential uses in technology. Nanostructured transition metal 
oxides are one of the many nanomaterials that need particular attention. The goal of this study was to synthesize nickel 
oxide and barium oxide nanostructures by the reaction of Nano powders: nickel sulphate NiSO4, barium chloride BaCl3, 
and molten sodium hydroxide, potassium hydroxide (NaOH: KOH) and examine their physical and biological properties. 
According to the results of UV–Vis, the gap band of the nanostructure was calculated with a range of 3.6–3.27 eV. 
Scanning Electron Microscopy (SEM) pictures appear to create aggregated nanoparticles with particle size of 29 nm 
according to Transmission electron microscopy (TEM) with a spherical shape. This results proved that NiO: Ba 
nanostructure an efficient and stable. It was observed that the diameter of the inhibition zone bacteria include E. coli 
and Klebsiella spp. (21,18) mm while inhibition zone of bacteria  S. aureus,S. epidermidisgram positive bacteria and yeast 
candida spp.(19,19 and 21)mm. As can be shown, the antibacterial activity of the (NiO: BaO), nanostructure increases 
with decreasing concentration and is more effective against E. coli gram-negative than it is against S. aureus and S. 
epedermidis gram-positive. This finding might be explained by the fact that, due to differences in their cell wall 
composition, gram-negative bacteria are more vulnerable to antibacterial medications than gram-positive ones. The 
synthesized NiO: Ba nanostructures had the potential for higher inhibition and killing of gram-negative than gram-
positive bacteria. 
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1. Introduction

   Owing to their remarkable chemical and physical characteristics, nanostructured materials have garnered significant 
attention. Because of their exceptional qualities and possible uses in technology (Djaja, N.F et al ., 2014 ). nanostructured 
transition metal oxides are one of the many nanomaterials that require particular attention. Specifically, anomalous 
electrical and magnetic properties, as well as unique catalytic capabilities, are displayed by nanoscale nickel oxide 
(Ahmed, K.B. et al ., 2018  ). Another important application of NiO is in battery systems due to its defective structure, a 
possible gas sensor for H2, and highly active in phenol degradation, phenolic derivatives, and non-stoichiometric nickel 
oxide is a strong P-type semiconductor and dyes (Adhikary et al., 2015). Nickel NPs have potential applications in 
various fields including electronics, magnetism energy technology and biomedicines because their high reactivity, 
operational simplicity and eco-friendly properties they are used to catalyze various organic reactions including the 
chemo-selective oxidative coupling of thiols, reduction of aldehydes and ketones, hydrogenation of olefins, synthesis of 
stableness from alcohol through Wittig-type olefination and 𝛼-alkylation of methyl ketone, catalyze some inorganic 
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reactions such as ammonia decomposition. Their position in the manufacture of carbon nanotubes is one of their latest 
applications (CNTs), which have cytotoxicity against malignant cells, as exhibited by the morphological changes these 
cells are knowledgeable following their exposure to Ni NPs. When Ni NPs are capped with biomolecules like glucose, 
their biocompatibility is greatly enhanced, and they can be utilized as heat nonmediators and biosensors for cancer. 
hyper thermal (Imran and Rani,2016) . ]. NiO nanoparticle is recognized as an efficient photocatalyst in the removal of 
dyes and organic contaminants from wastewater due to its capacity to successfully treat a field of bacterial infections 
(Khawlah Salah Khashan et al ., 2016). It is also good to impart cytotoxic activity on different cells such as human 
epithelial airway (HEp-2) and human breast cancer. More people are interested in nickel oxide nanoparticles because 
of their unique characteristics. It is a p-type semiconductor with a wide 3.6–4.0 eV band gap, chemical strength, and 
excellent electro-optical efficiency for a range of uses ) Ezhilarasi et al.,2017). The top of the valence band in NiO consists 
of O2p bands while the bottom of the conduction band comprises Ni3d states (Bonomo,2018). Nickel oxide nanoparticles 
are employed in a wide field of applications, such as gas sensors, adsorbents, catalytic agents, solar and fuel cells, 
magnetic materials, and antimicrobial substances. Small particle sizes—ideally less than (20 nm) must be achieved for 
NiO nanoparticles to maximize their potential applications' efficacy. The physicochemical properties are influenced by 
the size, shape, and strong crystallinity of the particles. The nickel oxide (NiO) nanostructure is of particular interest 
due to its superior chemical and thermal properties (Dcruz,2020). Additionally, NiO shows the least amount of non-
stoichiometry in its bunsenite form Ni1−xO (x<0.001). However, the introduction of dopants such as iron (Fe) creates 
defect formations within the NiO structure (Arfan et al.,2018). The composite-hydroxide-mediated (CHM) approach is 
a relatively new chemical synthesis pathway that has garnered significant attention in research because of its ease of 
use and versatility in creating a wide variety of nanomaterials. In contrast to other chemical processes, CHM is a very 
straight forward and eco-friendly method. The CHM technique is simple and relies on the usage of basic source material 
and molten hydroxides (NaOH: KOH). A range of nanostructures, including (BaTiO3, CdO, ZnO, and NiO), are created 
chemically ( Shahid et al.,2018( .Although confirmed oxides, such as BaNiO3, contain the nearby element nickel, similar 
high oxidation states of the transition metal are observed; however, these oxides have not been thoroughly studied. 
Chain units (NiO6/2)∞∞-oriented parallel to each other are produced by the NiO6 octahedral sharing faces, which can 
be used to define the metal/oxygen sublattice of BaNiO3 (Figure 1). Because they frequently stop bacteria from promote 
a resistance to them, nanoparticles are used as possible antibacterial agents..( Wang L et al ., 2017) Currently, silver and 
gold nanoparticles are widely used as antimicrobial agents.( Beyth N et al .,2015) But moreover research is needed to 
fully understand the antibacterial characteristic of NiO nanoparticles. (Panyala NR et al .,2009). Thus,this study was 
aimed to study the antibacterial effects of NiO nanoparticles on the P. aeruginosa, S. aureus, E.coli, K. pneumoniae, S. 
marcescens, S. epidermidis, M.luteus and B. subtilis. Additionally, the techniques used to synthesize NiO nanoparticles 
(e.g. hydrothermal,sol-gel, solid-state reaction, electrochemistry, micro emulsions, spray pyrolysis and precipitation 
methods) are usually complex and expensive.( Shanaj BR and John XR , 2016) Therefore, we also introduced a new 
simple and cheap method to produce NiO nanoparticles. 

 

Figure 1 Morphology and crystal structures of the BaNiO3 (Devamani and Alagar,2014) 
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2. Methods 

2.1. Synthesis NiO:Ba nanostructure using chemical method 

NiO: BaO Nanostructure was prepared by chemical wet method using nano powders,  nickel sulfate NiSO4, barium 
chloride BaCl3 with molten sodium hydroxide, potassium hydroxide (NaOH: KOH). The analytical grade was of all the 
chemicals and solvents used.. The solution consisting of (NiSO4, NaOH: KOH) with salt ratios (2, 0.1: 0.1) g. dissolved in 
50 ml deionized water (DDW) and 50 ml ethanol and put the mixture on the magnetic stirrer at room temperature 
through 10 min. to complete formation NiO. Then, added 2 g. of BaCl3 the diluted by deionized to solution and the 
mixture was stirred until was obtained a new Nanostructures (NiO: BaO) Nanostructure at one hour. A specific quantity 
of byproduct (NiO: BaO) Nanostructure has been dissolved in different volumes of deionized water. (10:5, 7.5: 2.5, 6:1 
mg/ ml). It was stored in plastic containers and later used to treat various types of cancer cells as shown in fig.(2). 

 

Figure 2 Synthesis NiO:Ba nanostructures using chemical method 

3. Results and Discussion 

3.1. Analysis UV-Vis characterization for nanostructures NiO: BaO 

Properties of NiO: BaO nanostructures optical such as transmittance, absorbance, and energy gap were measured by 
the UV–Vis absorption spectra as shown in figure (3) that the absorption gradually decreases with increasing 
wavelength. Thus, absorption edges can be determined for the samples synthesized at different molar ratios (10 
mg/ml,7.5 mg/ml, and 6 mg/ml) in the precursors within the wavelengths (290, 255, and 231 nm) respectively which 
correspond to the NiO: BaO Nano powders with optical band gap energies of (3.6, 3.41 and 3.27 eV) respectively. Figure 
(3) shows the relationship between the transmittance spectrum as a function of the wavelength of the (NiO:Ba) 
nanostructures sample that was measured by the UV absorption spectrum that the transmittance gradually increases 
at the concentrations (10 mg/ml,7.5mg/ml and 6mg/ml) with the increase in the wavelength (359nm, 380nm and 
390nm) respectively, then it takes the plane shape to saturation due to indirect electronic transitions and the occurrence 
of a change in the values of wavelengths with increasing concentrations (Jaisai, M. et al 2013). 

 

 

 

 

 

           Deionized water+ ethanol                     Deionized water+ ethanol      

 + +          

     NiSo4             NaOH+ KOH                BaCl3                 NiO: BaO Nanostructures 
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Figure 3 A- Ultraviolet-visible absorption spectra of NiO:Ba nanostructure synthesized at different molar ratios at 
room temperature and a constant reaction time (10 min) . B- Ultraviolet-visible absorption spectra of (NiO: BaO) 
Nanostructure synthesized at different molar ratios at room temperature   and a constant reaction time (10 min) 

3.2. FT-IR spectra analysis of (NiO: BaO) Nanostructure 

 Results in figure (4) show FT-IR transmission spectra were taken on a JASCO infrared spectrometer in the range of 
(4000–400 cm-1) at room temp. The peak around (3414 cm-1) on the FT-IR spectrum is related to the O-H bond. The 
absorption at (1632cm-1) attributed to hydroxyl groups. The absorption bonds at (1420 cm-1 and 1117 cm-1) indicate 
the existence of carbonates. As shown in Fig 4, the absorption bonds at (470 and 522 cm-1) are associated with NiO: BaO 
nanostructure vibration bond, but the absorption bond at (619 cm-1) is assigned to Ni-O-H stretching bond. The above 
information confirmed the formation of NiO: BaO nanostructure. Presence of Carbon impurity in the samples (B. 
Chinnappa Reddy et al ., 2022). 

 

Figure 4 FTIR spectra of (NiO: BaO) Nanostructure synthesized at various concentrations 
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Table 1 Assignment of characteristic IR absorption bands of (NiO: BaO) Nanostructure. 

Wavenumber (cm−1)               Functional group                                          Reference 

3414 OH stretching vibration (Q.A. Drmosh et al ., 2010) 

1632 C =C stretching vibrations (B. Chinnappa Reddy et al ., 2022) 

1420 C–O-C  stretching of epoxy groups (W. Qin, C et al.,2011) 

1117 C–O stretching of alkoxy group 

619 asymmetric epoxide bands 

522 OH out-of-plane bend (I. O. Faniyi et al ., 2019) 

   

3.3. Analysis SEM characterization for (NiO: BaO) Nanostructure  

Results in figure (5) shown the SEM images of the product NiO: BaO nanostructure synthesized which Nano colloidal 
samples were investigated morphologically are produce because of the aggregation of small particles that high surface 
free energy. The generate nanoparticles (NPs) were small size, indicating efficient synthesis. NiO surface is composed 
of oval nanoparticles which agglomerate and increase along the surface with Ba-doping. At 10% of BaO atoms, the 
substrate becomes completely covered with NiO particles exhibiting Nano agglomerations continue its formation in 
becoming micro agglomerations (Jiban Podder ,2015).  

 

Figure 5 The SEM image of (NiO: BaO) Nanostructure 

3.4. Transmission Electron Microscopy (TEM) analyses for NiO: BaO nanostructure 

The size and morphology of the nanoparticles were characterized by TEM. Typical images of the NiO :BaO nanostructure 
are shown in figure (6, 7). The TEM image of the clearly shows a particles with a oval shape having a diameter of about 
50nm. However, TEM image of NiO: BaO nanostructure reveal oval particles shape with smooth and uniform particle 
morphology, results show the particles are irregularly distributed and the average size between 0.29 and 0.55 nm with 
mean size of the obtained nanoparticles of 0.40 nm, as shown in the histogram. in addition notice that the mean particle 
size calculated by program(MBF Image) (Pratima R.Solank et al.,2015). 
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Figure 6 TEM images for (NiO :BaO) Nanostructure 

 

Figure 7 The size distribution histogram with curve of normal-log distribution, mean value 

3.5. Antibacterial activity 

The inhibitory zone (mm) assay was used to value the generate antibacterial activity (NiO: BaO) nanostructure at 
different doses. And to determine the extent of the sensitivity of bacteria to these nanocomposites,  the diffusion zone 
was measured for each petridish containing this substance.. It was observed that the diameter of the inhibition zone 
bacteria include E. coli and Klebsiella spp.(21,18)mm while inhibition zone of bacteria  S. aureus,S. epidermidisgram 
positive bacteria and candida spp.(19,19 and 21)mm. The final ZOI is displayed in table (1), and figure (8) provides a 
selection of the experimental petridish plate photographs. As can be shown, the antibacterial activity of the NiO: BaO 
nanostructure increases with decreasing concentration and is more effective against E. coli (gram negative) than S. 
aureus and S. epidermidis (gram positive). This finding might be explained by the fact that, due to differences in their 
cell wall composition, gram negative bacteria are more vulnerable to antibacterial medications than gram positive ones 
(Chithra MJ et al ., 2012). Either direct contact with cells or inferior products corroding microorganisms could be the 
source of the action. One possible mechanism is a synergistic interaction, involving the nanostructure (NiO:BaO), metal 
ions, reactive oxygen species, and NP form. Therefore, their capacity to generate dense metal ions that might interact 
with bacterial cell membranes and introduce them as possible antibacterial agents makes sense as an antibacterial 
activity of these ions (Shkir M and Abbas HM , 2021). 

Table 1 Zone of inhibition (mm) measurements for the five selected groups(Sarmad Ghazi Al-Shawi et al ., 2021) 

Inhibition zone diameter (mm) 

Staphylococcus aureus Staphylococcus epidermises Escherichia coli Candida albicans Klebsiella spp. 

19 19 21 21 18 
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Figure 8 Antibacterial activity against, A- S. aureus, B- E. coli, C- S. epidermidis, D- Candida albicons and E- Kiebsiella 
spp  

4. Conclusion 

 The size of the prepared NiO:Ba NPs ranged between 20–40 nm with a spherical shape.  
 UV-Vis spectroscopy show a sharper slope. 
 The synthesized NiO:Ba nanostructures had potential for higher inhibition and killing of gram negative than  

gram positive bacteria  where can be applied in the treatment of intestinal infections, inflammations by  
stomach and liver. (Khan, W. et al 2019). 
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