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ABSTRACT 

Highly pure nanostructured titanium dioxide was synthesized from a titanium foil via atmospheric-pressure 

plasma jet technique with electrolyte medium. The structures and morphology have been investigated and 

approved by X-ray diffraction, field emission scanning electron microscopy (FESEM) and energy dispersive x-

ray diffraction (EDX). X-ray diffraction shows approve the titanium dioxide nanoparticles have a domain peak of 

crystallinity structure (anatase and rutile phase). Application of Titanium dioxide has been actively explored 

during last several years, the products of this nanoparticles were used to decontaminate and inactivate of 

Escherichia coli, Staphylococcus strain, and Pseudomonas aeruginosa clinical isolates as the alternative 

sterilizing approach. The main constituents include reactive oxygen species. These species can be useful to 

synthesize biologically important nanomaterials or can be used with nanomaterials for various kinds of biomedical 

applications to increase human health. Escherichia coli, Staphylococcus strain, and Pseudomonas aeruginosa 

were verified by applying the disk diffusion method, with titanium dioxide nanoparticles addition and found that 

the inhibition zone. 
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INTRODUCTION  

In recent years, nanomaterials synthesized by plasma technology have received great attention due to their 

exclusive characteristics compared to their bulk counterparts. Atmospheric-pressure plasma jet is important for 

nanotechnology development for biomedical applications, which is gaining great attention as a prominent 

synthesis method for nanomaterials, due to its distinguishing properties when compared to solid, liquid and gas 

phase synthesis approaches [1, 2]. It is very suitable for inner surface modification in a needle since plasma can 

be generated inside the needle at atmosphere (1000 mbar), and it has several remarkable features. Non-equilibrium 

plasma is generated due to the large surface/volume ratio of the plasma. The densities are High (Ion and radical) 

because of the gas pressure discharge is extraordinary. In addition, the plasma can be localized under the excitation 

electrodes since the mean free path of the charged particles is reduced to be on the order of a submicron. The 

application of this technique for various oxide thin film coatings on the surfaces of the strip is very promising for 

developing novel functional devices.  

However, currently, there is very little knowledge of the reaction mechanism of PECVD using Atmospheric-

pressure plasma jet. Plasma usually consist of ultraviolet radiation, excited and charged particles species, which 

interact with the surface of electrolyte media. Plasma at liquid interface becomes a reaction region when the many 

particular chemical and physical processes occur under the electron and positive ion irradiation from the plasma. 

The plasma liquid process in atmospheric pressure represents a novel nanoparticle synthesis plan in previous years 

because of the simplicity and environmental friendliness at a low cost. Plasma is sustained at atmospheric pressure 

and room temperature by decreasing the dimensions under to micrometer range. Caused by several benefits 
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presented by titanium oxide nanoparticles, the interests in fabrication and characterization of such structures have 

recently increased and considered a has strong interest for its potential use in gas sensor [2-3], photocatalysis, 

solar cell [3, 4, 5,6], electrochromic devices [7, 8], water cleaning [9, 10] also biological improvements [11, 12]. 

The properties and performance of titanium oxide rely strongly on its structure and surface morphology like the 

nanoparticles [13,14,15] nanotubes, nano-rods [16], nanowires [17], nano leaves [18], in a mesoporous layer [19], 

and also it has tunable of fascinating characteristics such as shape, size, morphology and so on. In this work, it 

was reported a large scale and one step continuous flow atmospheric pressure plasma jet to prepare nanoparticles 

of titanium oxide. The influence of change electrolyte system concentration on the structure of titanium oxide 

particles size was investigated. The synthesis of nanoparticles may cause adverse environmental and health 

effects. There are different methods for the synthesis of TiO2 nanoparticles such as hydrothermal, plasma 

sputtering and so on. The production of nanoparticles was demonstrated practically using the above technique to 

employ in killing bacteria. The biological method for nanoparticle synthesis is simple, ecofriendly and allows for 

getting controlled size nanoparticles which can be used as catalysts with specific composition, which is not 

possible by classical methods. The inhibition zone of bacteria with addition titanium oxide nanoparticles was also 

studied. Titanium oxide nanoparticles and their antibacterial activity via using the atmospheric pressure plasma 

jet were not yet reported. It was exhibited good antimicrobial activities against selected microbes. Hence, biogenic 

synthesized of this nanoparticles can possibly be employed for diverse clinical applications [20]. 

 

Figure 1: The schematic diagram of an atmospheric plasma jet electrochemical synthesis of titanium oxide 

nanoparticles 

EXPERIMENT  

Titanium dioxide nanoparticles were synthesized by using atmospheric pressure plasma jet. Fig. 1 shows the set-

up and a photograph of an atmospheric plasma jet electrochemical synthesis of TiO2 nanoparticles. The tube acted 

as the cathode with length is 7 cm and the inner diameter is 0.6 mm which was made of stainless steel. The anode 

made of a titanium foil (6 cm length, 3 cm in width) and it was located 1.5cm onward from the cathode. The 

distance between the surface of the electrolyte medium and the needle was 4 mm. A discharge gas (Argon) was 

joined at the syringe by using a glass flow meter, to control the gas flow at 60 ml/min. The reaction was take 

placed in a glass petri dish (diameter is 5cm and depth is 2.5cm). The anode was submerged into an electrolytic 

medium that was involved in ethylene glycol (supplied by Sigma-Aldrich), hydrofluoric acid. Distilled water has 

been used at all times during the experiment. The first electrolyte was contained 10 wt. % HF and 5 wt. % ethylene 

glycol with different preparation time (5, 10, 15, 20 and 25 min), then and there the color of electrolyte was altered 

as presented in Fig. 2, which is shows changing color at different concentrations with different preparation times. 

2ml of titanium oxide liquid nanoparticles were added into Escherichia coli and Staphylococcus strain and 
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Pseudomonas aeruginosa, and then cultured on a plastic petri dish. After that, the inhibition zone of bacteria was 

measured.  

 

Figure 2. (Color online) at different concentrations with different preparation times 

RESULTS AND DISCUSSION 

The x-ray diffraction XRD patterns of the titanium dioxide nanoparticles formed on Ti surfaces at different 

preparation times with annealing temperature at 250 oC for 1 h are shown in Fig.3. The mixture of the anatase and 

rutile phase were observed in the XRD investigation of TiO2 NPs. The phase changes after increasing time at 15 

min, that is just anatase phase peaks. The increasing preparation time at 25 min, also rutile phase peaks were 

observed. The experimental XRD pattern agrees with the JCPDS card no. 21-1272 (anatase TiO2) and the XRD 

pattern of TiO2 nanoparticles other literature [21]. The 2θ at peak 25.4° confirms the TiO2 anatase structure [22]. 

Strong diffraction peaks at 72° indicating TiO2 in the anatase phase [22]. The intensity of XRD peaks reflects that 

the formation of nanoparticles are crystalline and broad diffraction peaks indicate very small size crystallite. The 

EDX measurements extracted from SEM results of samples prepared with TiO2 nanoparticles at different 

preparation times are shown in Fig. 4. As seen, the nanoparticles were composed of Ti and O which played a 

dominant in the structure of TiO2 NPs. EDX results displayed that the atomic ratio of oxygen cleared with 

increasing of titanium.  

 

Figure 3. X-ray diffraction patterns of TiO2 nanostructure after annealing at temperature 250 oC for 1 h, and different 

preparation time: (a) 10 min, (b) 15 min, (c) 20 min and (d) 25 min. 
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Figure 4. SEM based EDX spectra of the TiO2 nanoparticles at different preparation time 

    

(a)                                                                        (b) 

Figure 5: FESEM images of plasma-treated samples at annealing temperature 250 oC for (1 h) with different 

preparation times: (a) 5 min, (b) 25 min. 

  

 

Figure 6. Diffusion disks showing the antimicrobial activity of silver nanoparticles toward (a) Pseudomonas 

aeruginosa, (b) Staphylococcus, (c) Escherichia coli. 
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Explanations of the samples morphology anodized by using this technique at different preparation times (10, 15, 

20 and 25 ) min in an electrolyte system (ethylene glycol solvent, hydrofluoric acid and distilled water) have been 

examined with FE-SEM images as in Fig. 5 a and b. To achieve the procedures specific design to the work, it was 

used plasma jet at different times to examine the atmospheric pressure plasma assisted with electrochemical 

preparation of titanium oxide NPs, which are the suitable phases in the most photocatalytic activity of titanium 

oxide, whole samples have been annealed at 250 oC in the air for 1 hour. It is realized, the size of the nanoparticles 

increased from nearly 26– 68 nm to 34–46 nm when the preparation time increased from 10 min to 25 min . Fig. 

6 shows the antibacterial activity of titanium oxide nanoparticles. It was a flawless inhibition zone after 24 h 

incubation of a dish at 37 °C. The strains susceptible to titanium oxide nanoparticles show a superior inhibition 

zone for three types of bacteria (S.aureus , E.coli and Psudomonas aeruginosa). The inhibition zone for all samples 

against the declared micro-organisms is listed in Table (1). 

Table 1. Zone of inhibition in mm 

Psudomonas aeruginosa Staphylococcus Escherichia 

coli 

21mm 15mm 20mm 

 

CONCLUSIONS  

In this work, very good method to synthesize TiO2 nanoparticles, in a versatile, non-toxic and bio-safe approach, 

at room temperature, and this method is simple, economic and environmentally benign which will make it suitable 

for various applications. TiO2 nanoparticles can be synthesized via this technique, which can be offered a fast, 

low cost and simple to fabricate the large amount of TiO2 NPs in reasonably time. XRD patterns have confirmed 

that the synthesized particles are anatase phase TiO2. FE-SEM achieves a good morphology and distribution of 

TiO2 nanoparticles, it may be enter inside the membranes of bacteria.  To improve these results, its wanted serious 

hard work to use the plasma jet technique and examine many types of bacteria. Titanium oxide nanoparticles have 

a wide application, thus the result showed strong antibacterial against S.aureus, E.coli, and Pseudomonas 

aeruginosa. This work can be a good attempt to synthesize TiO2 nanoparticles by this technique as a new approach 

and invest TiO2 NPs in bioengineering and bacteriological application, and it is well expected that this synthesis 

technique would be extended to synthesize numerous other important metal oxide nanoparticles. 
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