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Abstract and Background
Biomedical applications included in a study of materials imply antibacterial properties. Inorganic materials such as oxides can act as antibacterial agents, due to their superior durability, 
selectivity, and heat resistance [1-3]. Antibacterial properties are important for various industrial sectors, construction, wastewater treatment, health-enhancing implants, and decorative 
applications [1-4]. Semiconductors such as ZnO have been extensively studied as antibacterial and antimicrobial agents as well as photocatalysts under UV irradiation [1,4].
In this work were studied the ceramics based on ZnO, obtained by solid state reaction at 1173K, for biomedical applications. Structure of the studied materials was determined by X-ray 
Diffraction and Fourier Transform Infrared Spectroscopy. The measurements show crystalline phases in all the materials. The morphology of the materials observed by Scanning Electron 
Microscopy coupled with EDS showed particles in the 400-600 nm range. The presence of ZnO and Ta2O5 in the composition of the studied ceramics lead to improved antibacterial properties, 
but the composition with ZnO higher than 80% present the best antibacterial activity for both gram-negative and gram-positive bacteria.

Sample ZnO Ta2O5

mol % mol %

T1 90 10

T2 80 20

T3 40 60

The oxide compositions 

The samples pressed in disks with diameter of 1 cm  by uniaxial pressing at 100 MPa, were thermally 
treated in isothermal condition at 1173 K, 12 h in an oven.

The results of the antimicrobial activity of tested materials are presented in Figure 
above. T1 and T2 material samples evaluated in the experiment exhibited the 
strongest antibacterial effect after two hours of direct contact with the two medically 
relevant bacteria, namely E. coli and S. aureus. In the case of these samples, no 
bacterial growth was observed, compared with the positive control. Moreover, the T3 
sample demonstrated a sizable inhibitory effect on the test bacteria. The Gram-
positive S. aureus strain was shown to be more sensitive than the Gram-negative E. 
coli bacterium. Overall, the outcomes support the specimens' positive impact on 
microbial growth inhibition.
The antibacterial properties were increased by high content of zinc oxide in the 
ceramics  composition,

Antibacterial assay

Antibacterial activity of the synthesized materials was tested on Gram-negative
(Escherichia coli ATCC 25922) and Gram-positive (Staphylococcus aureus ATCC 25923)
bacteria. The reference strains were grown overnight into a sterile Erlenmeyer flask
containing Tryptone Soya Broth (TSB) (Scharlab, Spain) at 37°C  and 150 rpm. The 
bacteria suspension obtained was diluted in 0.85% NaCl at an optical density of 0.08 
at 600 nm (106 colony-forming units (CFU) per ml) corresponding to 0.5 McFarland 
standard according to CLSI (Clinical and Laboratory Standards Institute)) and used for 
experiments.
The antibacterial activity of the materials was evaluated by the direct contact method. 
Prior to testing, the samples were cut to dimensions of 0.5 × 0.5 × 0.2 cm (L × W 
× H) and sterilized for 30 minutes on each side in a Petri dish inside the laminar flow 
hood using a UV-C lamp. On the sidewalls of a sterile Greiner plate, specimens to be 
evaluated for efficacy were positioned. 20 µL of standardized bacterial suspension 
were added to material surfaces and the plate was incubated in a vertical position at 
37 °C for two hours. Positive control was prepared by applying 20 µL of bacterial 
suspension onto the sidewall of wells. After two hours of contact, 230 µL of TSB 
medium was added to each sample well, and aliquots were collected and transferred 
to TSB fresh medium to determine the cell viability. The plate was incubated for 24 
hours, at 37 °C. At the end of the incubation period, the bacterial growth was 
indexed spectrophotometrically by measuring the optical density at 600 nm. 
Experiments were performed in triplicate.

Methods and Results

Fourier transform infrared spectroscopy (FTIR)X-ray diffraction (XRD) 

Scanning Electron Microscopy (SEM/ EDS) 

Ceramics preparation

Ceramics characterization
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In the XRD pattern, the main phase identified is tantalum zinc oxide (Ta2Zn3O8) with the P63mc space 
group (JCPDS card no. 20-1237), alongside a second phase, zincite (ZnO), with hexagonal symmetry. The 
FTIR spectra show the band at 420 cm⁻¹ attributed to the Zn-O vibration, as well as several bands in the 
range of 950–450 cm⁻¹ attributed to the asymmetric and symmetric vibrations of the Ta-O bonds.

XRD pattern and FTIR spectra indicate an  increase in the crystallinity of the main phase tantalum zinc oxide (Ta2Zn3O8) in the P63mc space group (JCPDS Card No. 20-1237)  as tantalum oxide 
content increases.The FTIR spectra allow for the  identification of the band at 420 cm-1 assigned to Zn-O vibration and as well as bands in the 950-450 cm-1 range attributed to asymmetric and 
symmetric vibrations of the Ta-O bonds.The presence of ZnO and Ta2O5 in the composition of the studied ceramics enhances to improved antibacterial properties; however, the composition with 
ZnO content exceeding 80% exhibit the best antibacterial activity against both Gram-negative and Gram-positive bacteria.
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