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INTRODUCTION 

 

Nanotechnology is considered as new generation technology. This new field is greatly influencing the economy of the world by 

producing novel and great valued products, product usage and more efficient manufacturing methods. Nanotechnology is leading 

to the production of many types of nanoparticles such as metal, metal oxide, doped and un-doped metal and metal oxide etc. 

Moreover, nanoparticles show good antibacterial properties [1]. There has recently been a growing interest in developing 

antibacterial medical polymer materials. The reason for this attempt is the effort to reduce health complications caused by bacteria 

commonly found on various types of medical equipment. As the most types of the commonly applied polymers have no 

antibacterial action, they have to be modified to obtain polymer materials with the desired properties. The modification of virgin 

polymer with a bioactive agent is a possible method. In this case, the polymer is a carrier, providing transport and controlled 

release of bioactive substances into the environment where they are needed [2]. Poly (vinyl alcohol) is a bioadaptable, 

nonvenomous, water-soluble, and biodegradable synthetic polymer. Furthermore, PVA usually is used in biomedical fields [3]. 

Poly (vinyl alcohol), PVA, is a non-toxic, and has good physical and chemical properties and film-forming ability. The use of this 

polymer is important in many applications such as con- trolled drug delivery systems, membrane preparation, recycling of 

polymers and packaging. PVA has bioinertness and it has many uses in medical applications such as artificial pancreas, 

hemodialysis, nanofilteration, synthetic vitreous and implantable medical device [4].  

Titanium nitride (TiN) is a ceramic with great hardness (2,000 kg/mm
2
), high decomposition temperature (2,949°C), defect 

structure, i.e., deviation from stoichiometry, chemical stability at room temperature, superconductivity, and gold-yellow color. 

TiN is mainly used as a coating to enhance other materials. TiN shows encouraging blood tolerability properties with hemolysis 

percentage near zero. Therefore, TiN-coatings are used in cardiology for ventricular assist devices in patients with heart failure 

and for pacemaker leads. In neurology, TiN-coated electrodes are used in chronically implanted devices for the treatment of spinal 

cord injury. TiN-coating is also used in orthopedic implants, because of its excellent biological properties, such as the reduction of 

the release of cobalt-chromium-molybdenum ions, and the aesthetic appeal of the “golden color” [5]. Titanium nitride 

nanoparticles exhibit novel electronic, optical and mechanical properties such as high melting points and low sintering tendencies 

are beneficial for applications in high temperature catalysis [6]. Nanocomposites have unique properties that make them suitable 

for many different medical, industrial and environmental applications in fields: thermal energy storage and release [7-9], 

antibacterial [10-15], humidity sensors [16-20], pressure sensors and piezoelectric [21-26] and radiation shielding [27-30]. This 

work deals with synthesis of biofilms from biopolymer blend- metal nitride nanoparticles for antibacterial activity against E. coli. 
 

 

ABSTRACT 

Nanocomposites films of (polyvinyl alcohol - poly-acrylic acid) blend/ titanium nitride nanoparticles have been prepared by 

concentrations: polyvinyl alcohol (85 wt.%), poly-acrylic acid (15 wt.%) and titanium nitride nanoparticles were added to (PVA-PAA) 
blend with concentrations are (1.5, 3, 4.5, and 6) wt.%. The (PVA-PAA-TiN) nanocomposites were prepared by casting method for 

antibacterial application. The (PVA-PAA-TiN) nanocomposites were test for antibacterial against Escherichia coli (E. coli). The results 

showed that the (PVA-PAA-TiN) nanocomposites have antibacterial activity against Escherichia coli. The inhibition zone diameter 

increases with increase in TiN nanoparticles concentration.  
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MATERIALS AND METHODS 

       Biopolymers blend films of polyvinyl alcohol- poly-acrylic acid and films of polyvinyl alcohol- poly-acrylic acid doped with 

titanium nitride nanoparticles were prepared by casting method by dissolving 1 gm of polyvinyl alcohol and poly-acrylic acid in 

30 ml of distilled water by using magnetic stirrer to mix the polymers for 1 hour to obtain more homogeneous solution. The 

polymer blend was prepared with concentration (85 wt.% PVA, 15 wt.% PAA). The titanium nitride (TiN) nanoparticles were 

added to (PVA-PAA) blend with concentrations are (1.5, 3, 4.5 and 6) wt.%.  The samples were examined for antibacterial 

application by a disc diffusion method. The antibacterial test was done by using gram negative organisms (Escherichia coli). The 

disks of (PVA-PAA-TiN) nanocomposites samples were placed over the media and incubated at 37°C for 24 hours. The 

antibacterial test investigated by measuring the inhibition zone of nanocomposites samples.  

RESULTS AND DISCUSSION 

        Figure 1 shows the optical microscope images at magnification power (40x) for different concentrations of TiN 

nanoparticles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Photomicrographs (40X) for (PVA-PAA-TiN) nanocomposites:(A) for (PVA-PAA) blend, (B) for 1.5 wt.% TiN, (C) for 3 

wt.%TiN,(D) for 4.5 wt.%TiN, (E) for 6 wt.%TiN. 
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The figure shows that the TiN nanoparticles is aggregated as a cluster at lower concentrations. At high concentrations of TiN 

nanoparticles, the TiN nanoparticles form a paths network   inside the (PVA-PAA) blend [31]. These results consistent with the 

results of researchers [32,33].The antibacterial properties of the (PVA-PAA-TiN) nanocomposites against gram- negative 

(Escherichia coli) are shown in figure 2. From the figure, the inhibition zone increases with increase the TiN nanoparticles 

concentrations. Nanoparticles possess unique physical, chemical, electronic, electrical, mechanical, magnetic, thermal, dielectric, 

optical, and biological properties. The electrostatic interaction of nanoparticles with negatively charged bacterial surfaces draws 

the particles to the bacteria and promotes their penetration into the membrane. A strongly positive zeta potential of a nanoparticle 

promotes nanoparticle interactions with cell membranes leading to membrane disruption, bacterial flocculation, and a reduction in 

viability. The generation of reactive oxygen species is also a mechanism of nanoparticle antibacterial activity. Further mechanisms 

of action of nanoparticles as antimicrobial agents include disrupting deoxyribonucleic acid during the replication and cell division 

of microorganisms, compromising the bacterial membrane integrity via physical interactions with the microbial cell (the physical 

presence of a nanoparticle most likely disrupts cell membranes in a dose-dependent manner), and releasing toxic metal ions and 

possessing abrasive properties which bring about lysis of cells [35]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Variation of inhibition zone diameter with TiN nanoparticles concentrations against Escherichia coli.  

CONCLUSIONS 

1- The optical microscope images of nanocomposites showed that the TiN nanoparticles at low concentrations is aggregated as 

a cluster. of TiN nanoparticles. The TiN nanoparticles form a paths network inside the  (PVA-PAA) blend at high concentrations. 

2- The inhibition zone diameter increases with increase in TiN nanoparticles concentrations against Escherichia coli. 

3- The (PVA-PAA-TiN) nanocomposites have good antibacterial activity against Escherichia coli. 
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