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Biocidal properties of Chitosan-encapsulated ternary titanium dioxide-nickel oxide-copper oxide hybrid nanomaterials were prepared via a facile one-pot precipitation process
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SI 1 Characterization techniques
An X-ray meter (X'PERT PRO Analytical) was used to characterize the CTNC hybrid nanomaterials. The diffraction patterns for CTNC hybrid nanomaterials were recorded in the 20o-80o range using a monochromatic wavelength of 1.54 Ao. A Field Emission Scanning Electron Microscope (Carl Zeiss Ultra 55 FESEM) with Energy Dispersive X-ray Spectrometry (EDX) (model: Inca) was used to examine the CTNC hybrid nanomaterials. The Dynamic Light Scattering (DLS) of a particle size was measured using the Nano-Plus instrument. The FT-IR spectra were recorded using a Perkin-Elmer spectrometer in the 400-4000 cm-1 range. At room temperature, a luminescence spectrophotometer (Perkin-Elmer LS-5513, Perkin Elmer Instruments USA) and a xenon lamp were used to measure photoluminescence.
SI 2 Antibacterial assay
The antibacterial activity of the synthesized CTNC hybrid nanomaterials was tested against nanomaterials was tested using the well diffusion method against gram-negative bacteria such as K. pneumonia, S. dysenteriae, E. coli, P. Vulgaris, P. aeruginosa, and V. cholerae in an employed well diffusion process. In particular, 100 µL of each strain's 24 h fresh culture inoculum was spread on sterile nutrient agar (NA) medium, and wells were prepared using inverted microtips. Each well was loaded with 1 mg/mL, 1.5 mg/mL, and 2 mg/mL of CTNC hybrid nanomaterials test solution added with perti-plate, while a positive control of 30 µg of amoxicillin antibiotics was used [1].
SI 3 MTT assay
In vitro, the anticancer activity of synthesized CTNC hybrid nanomaterials was incubated with human breast cancer (MD-MBA-231) and L929 fibroblast cell lines. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) was used to test the blood cancer cell cultures [2]. Blood cancer cells (1 × 105 cells/well) were prepared on a 24-well plate and incubated for 24 h. The varying concentrations (2.5-15 μg/mL) of CTNC hybrid nanomaterials solution were mixed with the DMEM medium for the cultured blood cancer cell lines. Then, 100 μl/well (5 mg/ml) of 5% MTT is added to each well and incubated for 4 hours at 37 °C in a 5% CO2 incubator. The cell vitality was analyzed using a microplate reader at 570 nm. The NPs testing concentration, which inhibited 50% of cellular growth (IC50) was employed and calculated by:
Percentage of cell viability: 
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