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Abstract 

Nanomaterials are efficient in their antibacterial characteristics. Metals and metal oxides have significant 

advantage especially copper oxide is preferred due to its enhanced anticancer and antimicrobial activity. 

The aim of this research article is to highlight the impact of “silica with copper oxide nanocomposite” for 

antibacterial properties. Silica is a non-toxic material obtained from its precursor, Tetraethyl orthosilicate 

(TEOS) and copper oxide was obtained from Copper Nitrate Trihydrate. Both the materials were 

synthesized by the “hydrothermal” method of nanotechnology. The prepared materials were combined in 

a solution phase to make it a nanocomposite. The material was tested for its structural properties using X-

ray Diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM) with Energy Dispersive 

X-ray Analysis (EDAX), High-Resolution Transmission Electron Microscopy (HRTEM) with Selected 

Area Electron Diffraction (SAED). The particle size was found to be about 66 nm.  The functional 

properties of the nanocomposite were analyzed by Fourier Transform Infrared Spectroscopy (FTIR) and 

Fourier Transform Raman (FT Raman) Spectroscopy techniques. The optical property of the sample was 

analyzed by Ultraviolet-Visible (UV) Spectroscopy technique. The band gap was found to be 1.4 eV from 

Tauc’s plot. The surface charge of the material was determined using Zeta potential, which is found to be 

negative. Finally, the material was tested against three gram-positive bacteria and seven gram-negative 

bacteria using disc diffusion method. The results revealed that Staphylococcus aureus (11mm), 

Streptococcus pyogenes (11mm), Enterococcus species (12mm), Escherichia coli (9mm), Pseudomonas 

aeruginosa (10mm), Proteus species (11mm), Salmonella species (10mm), Klebsiella pneumonia (9mm), 

Escherichia coli – ATCC 25922 (11mm), and Salmonella typhimurium – ATCC 14028 (11mm). The zone 

of inhibition was analyzed. The nano composite showed good antibacterial properties for tested bacteria. 

It can be used as antimicrobial agent.  

Keywords: Nanotechnology, Silica, Copper oxide, Antibacterial property. 

1. Introduction: 

Nanomedicine combines the use of Nanotechnology for Medical field applications which include early 

diagnosis and treatment of infectious diseases caused by pathogenic bacteria, viruses and fungi, targeted 

and controlled drug delivery, cancer detection and treatment. Biosensors are used in accurate and rapid 

detection of diseases and metabolites from the blood and bodily fluids [1]. Nanoparticles loaded with 

antibiotics improves the treatment efficiency against bacterial infections [2]. Metal nanoparticles are 

proven effective for wound healing, destruction of bacteria and prevention of infection. Due to their 

tunable particle size and shape, biodegradability, solubility and penetrability into cells and tissues, metal 

nanoparticles such as zinc, copper, silver and palladium are used in biomedical applications [3]. 
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Nanomaterials are prepared by “top-down” approaches or “physical” methods such as high-energy Ball 

Milling technique, Ion Beam Technique, Pulsed Laser Deposition and Physical Vapor Deposition (PVD). 

The “bottom-up” approaches or “chemical” methods of preparing nanomaterials include Sol-gel, 

Chemical Vapor Deposition (CVD), Hydrothermal, Microemulsion, Solvothermal decomposition [4]. 

Some of the nanoparticles prepared from physical, chemical and biological method used for medical field 

application are polymer-based nanoparticles, carbon-based nanomaterials, quantum dots, nanofilms and 

nano-capsules [5]. “Hydrothermal” is the method of synthesizing high-quality crystalline materials at 

higher temperature and pressure using a reactor vessel called “autoclave” [6]. Changing the temperature 

and pH values during synthesis allows yield of nanostructures at different morphology [7]. Rods, spheres, 

hexagonal structures are synthesized at different sizes by this method and offers high stability in solutions 

[8]. Hydrothermally synthesized nanoparticles when used in sensor devices produce good stability and 

reliability [9]. The reaction temperature, reaction time and pressure maintained allows nucleation and 

growth of particles with desired structural features and influences the properties of the final product [10]. 

Silica nanoparticles have small particle size, controllable morphology and its mesoporous structure help 

in effective drug solubility, circulation in the blood stream, targeted and controlled release of drugs [11]. 

Silica nanoparticles are highly stable, biologically compatible, highly reactive and so have excellent anti-

bacterial and anti-fungal properties [12]. Mesoporous silica nanostructures have controllable pore size 

between 2 to 20 nm, they are excellent for bio-imaging of cancer cells, bone tissue engineering and repair, 

drug encapsulation and release characteristics [13]. Mesoporous materials have unique features like 

controllable morphology, particle and pore size and they are used for medical imaging, treating bacterial 

infections, identifying cancer biomarkers, biosensing to diagnose diseases [14]. The surface of 

mesoporous structures is modified and synthesized in different morphologies and porosities to overcome 

the limitations in drug delivery, bone regeneration and bio-imaging [15].  

Different metals and metal oxides are used in specific applications for biomedical field [16]. Copper oxide 

stands significant and unique compared to other metal oxides. Its activity in destroying bacteria and tumor 

cells is inevitable and suitable for biomedical applications [17]. Copper as a pure metal or doped and its 

oxides are used as “antibacterial” agents [18]. Copper oxide was synthesized from copper nitrate as 

precursor by hydrothermal method were used to inhibit bacterial growth of Streptococcus aureus, 

Escherichia coli and Pseudomonas aeruginosa and to destroy human leukemia cancer cells. Copper oxides 

are eco-friendly materials, highly stable and resistant to heat [19]. Thus, copper oxide is a promising 

material to treat bacterial infections and has cytotoxic effect against cancer cells, and so it has higher 

potential in biomedical applications [20].  The present study is based on “silica with copper oxide 

nanocomposite” synthesized by the “hydrothermal” method of nanotechnology and tested for antibacterial 

properties. The active nanocomposite was characterized by using XRD, FESEM with EDAX, HRTEM 

with SAED, UV, FTIR, FT Raman and Zeta potential analysis.  

2. Materials and Methods: 

2.1 Materials 

All materials were purchased from Sigma Aldrich. Tetraethyl orthosilicate (TEOS) as silica precursor, 

Cetyl Trimethyl Ammonium Bromide (CTAB) as cationic surfactant, Ethanol, Sodium hydroxide pellets, 

Ammonia solution and Copper nitrate trihydrate as chemical precursor for copper oxide were used without 

further purification. 
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2.2 Preparation of pure silica nanoparticles 

The silica nanoparticles were prepared by hydrothermal method [21]. Tetraethyl orthosilicate was used as 

precursor to synthesize pure nano silica powder [22]. Initially, 0.1M of Cetyl Trimethyl Ammonium 

Bromide (CTAB) was prepared. About 25 ml Ethanol was added to the milky white soapy solution. About 

2 ml of TEOS was added dropwise and the pH was found to be neutral. An aqueous solution of sodium 

hydroxide was added drop-wise to bring the pH to 12. The solution was heated at 70℃ for 2 hours. The 

solution was hydrothermally treated at 100℃ for 6 hours using a stainless-steel Teflon-lined autoclave. 

The whitish solution was then filtered using Whatman filter paper and the residue was collected in a petri 

dish. The sample was allowed to freeze below -20℃ for about 18 hours. Then, the sample was transferred 

to lyophilize at -80℃ for 7 hours. White powder of pure nano silica was obtained. Figure 1 shows the 

synthesis procedure of pure nano-silica. 

Figure 1: Synthesis Procedure Of Pure Nano-Silica 

 

2.3 Preparation of copper oxide nanoparticles 

Copper nitrate trihydrate was used as precursor for synthesizing copper oxide nanoparticles [23]. Copper 

metal oxide was chosen for its notable antibacterial activity [24]. Firstly, 0.5M of copper nitrate solution 

was prepared by dissolving copper nitrate trihydrate powder in distilled water. Alkaline solution of sodium 

hydroxide was added dropwise to make the pH equivalent to 12. The solution was heated at 70℃ while 

simultaneously stirring for 2 hours. Color change was observed from blue to bluish green, then black. The 

solution was transferred to a Teflon-lined stainless-steel autoclave and hydrothermally treated in muffled 

furnace at 200℃ for 6 hours. After reaching room temperature, the solution was filtered and kept in a petri 

dish. Then it was allowed to freeze at -20℃ for 21 hours. It was then lyophilized at -80℃ for 7 hours. 

Finally, black powder of pure copper oxide nanoparticles was obtained. Figure 2 shows the synthesis 

procedure of pure copper oxide nanoparticles. 
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Figure 2: Synthesis Procedure of Pure Copper Oxide Nanoparticles 

 

2.4 Preparation of silica with copper oxide nanocomposite 

Silica nanoparticles and copper oxide nanoparticles were mixed in a solution to make a nanocomposite of 

silica with copper oxide [25]. Prepared nano silica powder was mixed with water and ethanol as solvents. 

Copper oxide nano-powder was mixed with ammonia solution. Both were mixed together and kept in deep 

freezer at -20℃ for 48 hours. Then it was kept to lyophilize at -80℃ for 7 hours. Greyish black powder 

of nano silica with copper oxide was obtained. Figure 3 shows the synthesis procedure of silica with copper 

oxide nanocomposite. 

Figure 3: Synthesis Procedure of Nano-Silica With Copper Oxide Nanocomposite 
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2.5 Antibacterial analysis 

2.5.1 Test culture 

The bacterial cultures used for testing were obtained from the Department of Microbiology at Ethiraj 

College, Chennai, India. The Escherichia coli (ATCC 25922) and Salmonella typhimurium strains (ATCC 

14028) were procured from Hi-Media Laboratories.  

2.5.2 Tested organisms 

Three Gram-positive bacteria such as Staphylococcus aureus, Enterococcus species, and Streptococcus 

pyogenes, were used. Seven Gram-negative bacteria such as Escherichia coli, Escherichia coli (ATCC 

25922) strain, Klebsiella pneumoniae, Salmonella species, Pseudomonas aeruginosa, Proteus species, and 

Salmonella typhimurium (ATCC 14028) strain, were used in the present study.  

2.5.3 Preparation of test concentration 

The Copper oxide with Nano-Silica is prepared as nano composite and tested against human pathogenic 

bacteria. The concentration was 1mg/disc concentration.  

2.5.4 Inoculum preparation 

The bacterial cultures were grown in Muller-Hinton Broth (MHB) at 37 °C for 24h incubation [26]. After 

incubation, the 24-hour-old culture is ready for an antibacterial susceptibility test. Before starting the test, 

the inoculum tube was adjusted visually by either adding bacterial colonies if the concentration is too light 

or by adding sterile normal saline solution if the concentration is too thick. This was done to match the 

already prepared 0.5 McFarland standard [27], which is assumed to contain a bacterial concentration of 

1×108 colony-forming unit (CFU)/mL.  

2.5.5 Disc diffusion method 

Antibacterial activity was carried out using the disc-diffusion method [28]. Petri plates were prepared with 

20 ml of sterile Mueller-Hinton Agar (MHA) [29]and made to solidify. About 100µl of bacterial 

suspension containing 108 CFU/ml bacteria were swabbed on the top of the solidified media and allowed 

to dry for 10 min. The test was conducted at 1 mg/disc concentration each and 25µl/disc for the test sample 

Copper oxide with Nano-Silica (CS7). The loaded discs were placed on the surface of the agar medium 

and left for 30 min at room temperature for compounds to diffuse into the medium. Ciprofloxacin (5µg 

/disc) was used as a positive control (PC) and DMSO - Dimethyl Sulfoxide (25µl/disc) was used as a 

negative control (NC). The plates were incubated for 24 h at 37°C [30]. After the incubation period, the 

zone of inhibition (the area around the discs where the bacterial growth was inhibited) was recorded in 

millimetres.  

3. Results and Discussion 

Characterization of silica with copper oxide nanocomposite 

Silica nanoparticles were synthesized from its precursor Tetraethyl orthosilicate (TEOS), copper oxide 

nanoparticles were synthesized from its precursor Copper Nitrate Trihydrate. Nanocomposite of silica with 

copper oxide was prepared by following hydrothermal method of nanotechnology. The nanocomposite 

“Silica with Copper oxide” was identified for its structural features by X-Ray Diffraction (XRD), Field 

Emission Scanning Electron Microscopy (FESEM), High-Resolution Transmission Electron Microscopy 
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(HRTEM) and Selected Area Electron Diffraction (SAED). Origin Software and Image J Software was 

used in plotting the graphs and finding the particle size and diameter from the FESEM and HRTEM 

images. The phase of the nanocomposite was observed as monoclinic and crystalline in nature. The 

crystallite size of the nanocomposite was calculated from Debye-Scherrer equation as 14.56 nm. The 

micro-strain and dislocation density of the nanocomposite were calculated by Williamson-Hall plot. The 

morphology of the nanocomposite was found to be spherical. The average diameter was found by 

Histogram plot as 0.634 nm. The particle size was analyzed by Image J Software as 66.3 nm. The elemental 

composition of the nanocomposite was identified by Energy Dispersive X-Ray Analysis (EDAX). It 

confirms the presence of elements silicon, oxygen and copper. The functional groups present in the 

nanocomposite were identified by Fourier Transform Infra-Red (FTIR) spectroscopy and Fourier 

Transform Raman (FT Raman) spectroscopy. The optical properties were identified by Ultraviolet-Visible 

(UV) spectroscopy. The band gap of the nanocomposite was found to be 1.4 eV from Tauc’s plot 

measurement. Zeta potential measurements were done to determine the surface charge of the sample. The 

nanocomposite exhibited a negative charge. The antibacterial activity was identified for three gram-

positive bacteria and seven gram-negative bacteria. The zone of inhibition of the bacteria by the silica with 

copper oxide nanocomposite was identified. 

3.1 X-Ray Diffraction (XRD) of Silica with Copper oxide nanocomposites 

Figure 4 shows the X-Ray diffraction spectra of Nano Silicon dioxide (SiO2) combined with Copper oxide 

(CuO) prepared by hydrothermal method. (Avg. Crystallite size = 14.56 nm). CuKα radiation was used 

with wavelength 1.5406 Å [31]. Peaks obtained were in good agreement with JCPDS card no. 96-901-

6327 known as Tenorite. The crystal system is monoclinic [32] with C1c1 space group. Sharp peaks 

obtained shows the crystalline nature of copper oxide with nano silica. Diffraction peaks at 28.83°, 

31.96°,35.21°, 38.47°, 48.38°, 53.28°, 57.89°, 61.15°, 65.63°, 67.66°, 72.14° and 74.73° corresponds with 

miller indices (101), (110), (002), (200), (-202), (020), (202), (-113), (022), (113), (311), (004) 

respectively. The sharp peak at miller index (200) shows the formation of silica with copper oxide 

nanocomposite [33]. 

The crystallite size was found from Debye-Scherrer’s equation [34]: 

𝐷 =
𝑘𝜆

𝛽 𝑐𝑜𝑠 𝜃
 

Where, 

 k – constant (0.94) 

 𝜆 – wavelength of X-ray (1.5406 Å) 

 𝛽 – full width half maxima (FWHM) 

  𝜃 – angle of diffraction 

The crystallite size for different peak positions 30.47°, 35.11°, 38.37°, 48.30°, 53.11°, 57.90°, 61.13°, 

65.67°, 67.66°, 72° and 74.74° are 7.10 nm, 13.21 nm, 12.79 nm, 13.91 nm, 14.03 nm, 14.01 nm, 14.41 

nm, 12.96 nm, 15.12 nm, 23.36 nm and 19.28 nm respectively. The average crystallite size was found to 

be 14.56 nm. 
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Figure 4: XRD Pattern Of Silica With Copper Oxide 

 
Stress-strain analysis of Silica with Copper oxide: 

Figure 5 shows the stress strain plot of copper oxide with nano silica. The micro-strain was calculated 

from the slope of Williamson-Hall plot shown above by using the formula: 

𝜀 =
𝛽

4 𝑡𝑎𝑛 𝜃
 

Where, 

 𝜀 – micro-strain in radians/ ratio of peak width to peak position 

 𝛽 – line broadening at FWHM in radians 

 𝜃 – Bragg’s angle in degrees, half of 2𝜃 

The dislocation density was calculated using the formula [35]: 

𝛿 =
1

𝑡2
 

Where, 

 t – crystallite size in nm 

The value of micro-strain and dislocation density were found to be 5.62 × 10−3 and 6.0576 ×  10−3 

respectively. 

Figure 5: Micro-strain Plot of Silica With Copper Oxide  
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3.2 Field Emission Scanning Electron Microscopy (FESEM) with Energy Dispersive X-Ray 

Spectroscopy (EDAX) 

Figures 6a and 6b show the Field Emission Scanning Electron Microscopy (FESEM) images of Copper 

oxide with Nano Silica at 0.5 μ-m and 1 μ-m magnifications respectively. The surface morphology of the 

sample prepared by hydrothermal method was studied under electron microscope [36] at an electrode 

operating voltage of 15kV [37]. Powder sample was dispersed in ethanol and ultra-sonicated, then coated 

on an aluminum foil of dimension 1×1 cm and dried before analysis. Images show the nanoflower-like 

morphology [36] with embedded spherical nanostructures which is due to the presence of silica 

nanoparticles [38]. The average diameter of particles calculated using ImageJ Software [39] and Origin 

Software was found to be 0.634 nm which is approximately close to the average crystallite size obtained 

from X-Ray Diffraction (XRD). The histogram plot obtained for finding the diameter of Copper oxide 

with Nano Silica nanocomposite is shown in figure 7. The size range of nanoparticles was determined 

using histogram data [40]. 
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Figures 6a and 6b: Field Emission Scanning Electron Microscopy (FESEM) Image Of Copper Oxide 

With Nano-Silica At 0.5 μ-m and 1 μ-m Magnifications 

 

Figure 7: Histogram Plot To Find Diameter

 

Energy Dispersive X-ray Analysis (EDAX) 

Figure 8 shows the Energy Dispersive X-ray Spectrum of Copper oxide with Nano-Silica with Energy in 

kilo electron volt (keV) on the horizontal axis and Count per second in electron volt (eV) on the vertical 

axis. To confirm the “elemental chemical composition” of silicon, oxygen and copper, EDAX analysis 

was performed [41]. Spectra clearly show the peaks of silicon (Si), copper (Cu) and oxygen (O) [42]. In 

addition to it, carbon (C) is present as impurity. The atomic concentration of Si, Cu and O were 18.32%, 

16.66% and 50.79% respectively and the mass concentration of Si, Cu and O were 22.6%, 46.52% and 
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35.7% respectively. Details of Silica with Copper oxide nanocomposite EDAX spectra values are listed 

in the table 1. 

Figure 8: Elemental Composition 

 

Table 1: Elemental Analysis From EDAX Spectra 

 
3.3 High-Resolution Transmission Electron Microscopy (HRTEM) with Selected Area Electron 

Diffraction (SAED) analysis    

Figures 9a and 9b show the highly magnified internal microstructures of Copper oxide with Nano-Silica 

at magnification 100 nm and 500 nm, prepared by hydrothermal method using TEOS precursor and CTAB 

as surfactant. Ethanol was used to suspend the particles and the solution was dropped in coated grids, dried 

and viewed under microscope with accelerating voltage 200 kV [43]. Transmission Electron Microscopy 

images at high resolution indicate the formation of spherical nanoparticle with embedded platelet-like 

structures in 100 nm image and cluster-like spherical nanoparticles in 500 nm image [44]. The average 

particle size was found using ImageJ Software as 66.3 nm [45]. Higher particle size is due to the 

agglomeration of spherical nanostructures [46].  
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Figures 9a And 9b: High-Resolution Transmission Electron Microscopy Images Of Copper Oxide With 

Nano-Silica At Magnification 100 nm And 500 nm 

 

Selected Area Electron Diffraction (SAED) 

Figure 10a and 10b shows the SAED pattern of Copper oxide with Silica nanocomposite. To display the 

accurate local crystal structure of Copper oxide with Nano-Silica, SAED analysis was done at 5 nm-1 

magnification. Pattern shows discrete spots in ring-like pattern which indicate that the internal structure 

of nanocomposite is polycrystalline in nature. The d-spacing values in Å were found to be 2.32, 1.36 and 

0.918 which corresponds to miller indices (202), (113) and (322) respectively and are indexed in the figure 

shown. The crystalline plane of copper oxide is approximately indicated in (113) miller index [46]. The 

miller index at (202) indicates the presence of “Tenorite” a copper oxide mineral in monoclinic phase [47]. 

By comparing the d-spacing values obtained from XRD and SAED, rings that exist at (202) and (113) 

strongly indicate the presence of Copper oxide with Silica nanocomposite. 
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Figure 10a And 10b: Selected Area Electron Diffraction (SAED) Pattern Images Of Copper Oxide With 

Nano-Silica 

 

 

3.4 Ultraviolet-Visible (UV-Vis) Spectroscopy 

Figure 11 shows the UV spectrum and Tauc’s plot of Copper oxide with Nano-silica. Tauc’s plot is used 

to find the optical band gap of materials [48]. UV-Visible spectrum is plotted with wavelength on the x-

axis, absorbance, reflectance or transmittance on the y-axis depending on the nature of the material [49]. 

Energy band gap reveals the electrical properties of the material [50]. Tauc’s plot is done using Origin 

software by smoothening the curve, baseline correction and determining the accurate band gap value [51]. 

Optical absorbance spectra of Copper oxide with Nano-silica were recorded in the wavelength region from 

200 to 800 nm [52]. A strong absorption is found around 200 nm [53]. From the absorbance spectra, optical 

band gap energy of Copper oxide with Nano-silica were calculated by Tauc’s relation [54]: 

𝛼ℎ𝛾 = 𝐵(ℎ𝛾 − 𝐸𝑔)𝑛 

Where ℎ𝛾 – incident photon energy 

 𝛼 – absorption coefficient 

 𝐵 – constant 

 𝐸𝑔 – band gap of the material 

 𝑛 – depends on the type of the transition for direct band gap materials 

Optical band gap was calculated by extrapolating a line on the linear part of the curve    intercepting the 

X-axis (ℎ𝛾 in eV) [48]. The observed band gap energy from the Tauc’s plot is found to be 1.4 eV. 
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Figure 11: UV Spectrum And Tauc’s Plot 

 
3.5 Fourier Transform Infrared Spectroscopy (FTIR) 

Figure 12 shows the Fourier Transform Infrared (FTIR) Spectrum of copper oxide with nano-silica. The 

functional groups were identified within the wavenumber range from 4000 cm-1 to 400 cm-1 using 

Shimadzu IR Tracer-100 FTIR spectrometer [55]. FTIR analysis was performed at room temperature with 

an instrument measuring both mid and far IR regions [56]. FTIR spectrum is basically plotted with 

wavenumber in cm-1 on the x-axis and transmittance in % on the y-axis [57]. The main peak at 449 cm-1 

corresponds to inorganic metal-oxygen M-O stretching group and confirms the presence of copper II oxide 

[58]. The peaks at 1062 cm-1 and 802 cm-1 which corresponds to C-O stretching and C=C bending 

vibrations, indicate the bending vibration and asymmetric stretching vibration of silicon and oxygen bonds 

respectively [59]. 
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Figure 12: FTIR Spectrum Of Nanocomposite 

 
3.6 Fourier Transform Raman Spectroscopy (FT Raman) 

Figure 13 shows the Fourier Transform Raman Spectroscopy (FT Raman) graph of Copper oxide with 

Nano-Silica. To evaluate the structural properties and phase composition of the material, Raman 

spectroscopy analysis was done [60]. The oxidation states of copper oxide are found using Raman 

spectroscopy technique [61]. The peak at 611 cm-1 corresponds to a class of halo compound with C-Br 

stretching group which indicates the formation of copper oxide in monoclinic phase [62]. The peaks at 

667 cm-1, 739 cm-1 and 831 cm-1 corresponds to a class of aromatic substitution with C-H out-of-plane 

bending group. The peak at around 667 cm-1 is attributed to the longitudinal mode of Cuprous oxide [63]. 

The peaks at 1142 cm-1 and 1176 cm-1 correspond to amorphous sp3 carbon-rich, diamond-like class of 

compounds. The peak at 1202 cm-1 corresponds to a class of alkyl aryl ether with C-O stretching group. 

The strong and sharp peak at 1325 cm-1 corresponds to a class of sulfone with S=O stretching group. 

Raman spectra at higher wavenumbers indicates copper oxides good for device fabrication applications 

[64]. 
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Figure 13: FT Raman Spectrum Of Nanocomposite 

 

3.7 Zeta potential 

Figure 14 shows the zeta potential graph of Copper oxide with Nano-silica. Zeta potential measurements 

were taken from Horiba Scientific SF-100 to determine the surface charge of the sample [65]. As the 

surface charge increases, the stability of the sample increases [66]. Zeta potential influences the structure 

of silica with copper oxide nanocomposite, tailoring the pH values have an impact on their morphology 

[67]. The surface charge was analyzed using a Temperature of the Holder 25℃, Dispersion Medium 

Viscosity 0.894 mPa-s, Conductivity 0.104 mS/cm and Electrode Voltage 3.4V. Analysis was taken after 

powder sample was dispersed in a suitable solvent, dissolved thoroughly and filtered using syringe filter 

[68]. The charge of the sample’s surface was found to be negative [69,70] with a Mean Zeta Potential 

value -25.3 mV and Mean Electrophoretic Mobility -1.96 × 10−4 𝑐𝑚2/𝑉𝑠, zeta potential is found from 

mobility using the “Helmholtz-Smoluchowski equation” [71]. 
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Figure 14: Zeta Potential Graph Of Silica With Copper Oxide 

 
Antibacterial Results  

Figures 15a to 15j show the antibacterial activity, the zone of inhibition of ten bacterial species by Copper 

oxide with Silica nanocomposite. The results of antibacterial activity revealed that the samples at 1 mg/disc 

were tested against gram-positive and gram-negative pathogenic microorganisms. 

Copper oxide with Nano-Silica showed antibacterial activity against gram-positive bacteria such as 

Staphylococcus aureus (11mm) [72], Streptococcus pyogenes (11mm), Enterococcus species (12mm), and 

gram-negative bacteria such as Escherichia coli (09mm) [72], Pseudomonas aeruginosa (10mm) [73], 

Proteus species (11mm), Salmonella species (10mm), Klebsiella pneumonia (09mm) [74], Escherichia 

coli - 25922 (11mm), and Salmonella typhimurium - 14028 (11mm) at 1 mg/disc. Staphylococcus aureus 

exhibited the maximum bacterial inhibition efficiency with copper oxide nanoparticles which is greater 

than other bacterial strains including Escherichia coli and Klebsiella pneumoniae [75]. 

Ciprofloxacin 5µg/disc was used as a standard control (PC), and Dimethyl Sulfoxide (DMSO) 25µl/disc 

was used as the negative control (NC). 
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Figures 15a – 15j: Antibacterial Activity Of Copper Oxide With Silica Nanocomposite On Different 

Bacteria 
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Conclusion: 

Nano-silica was synthesized from its precursor Tetraethyl orthosilicate (TEOS), with Cetyl Trimethyl 

Ammonium Bromide (CTAB) as surfactant with distilled water and ethanol as solvents. Hydrothermal 

route was used to prepare these nanoparticles, then lyophilized to form crystalline nanoparticles. Then 

copper oxide was synthesized from its precursor Copper Nitrate Trihydrate using the same hydrothermal 

procedure. It was also lyophilized and black copper oxide nanoparticles were obtained which was also 

crystalline in nature. Both the nanoparticles were dissolved in suitable solvents and they were combined 

in a solution to form nanocomposite of “Silica with Copper oxide”. Then, the morphological and structural 

properties were identified by X-Ray Diffraction (XRD), Field Emission Scanning Electron Microscopy 

(FESEM), High-Resolution Transmission Electron Microscopy (HRTEM) and Selected Area Electron 

Diffraction (SAED). The elemental analysis and chemical composition of the sample was identified by 

Energy Dispersive X-ray Analysis (EDAX). The functional groups present in the sample were determined 

by Fourier Transform Infrared Spectroscopy (FTIR) and Fourier Transform Raman (FT Raman) 

Spectroscopy. The optical band gap was identified from Ultraviolet-Visible (UV-Vis) Spectroscopy. 

Finally, the antibacterial properties of copper oxide were found from “Disc-diffusion method”. The zone 

of inhibition of three gram-positive bacteria and seven gram-negative bacteria were identified. Thus, silica 

with copper oxide nanocomposite was proved to be an efficient nanocomposite against pathogenic 

bacteria.  

Suggestions for Future work: 

Different metals like silver, gold, zinc, magnesium, palladium and platinum are found useful in different 

biomedical applications including drug delivery, cancer diagnosis and therapy, nano-biosensors for 

diagnosing diseases, etc. Several metal oxides like zinc oxide, nickel oxide, manganese oxide are found 

useful for biomedical applications. Carbon-based, polymer materials – In addition to it, carbon-based and 

polymeric nanomaterials are efficient. Green synthesis from plant parts or bacterial strains are 

advantageous as they are eco-friendly and does not pollute the environment. Drug encapsulation and 

release characteristics can be done to find the efficiency of the biomaterial in drug delivery. Cytotoxicity 
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with cancer cell lines can be performed to find the inhibition efficiency of nanocomposites against different 

types of cancer cells. 
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