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1. Introduction  

The unique properties of nanoparticles (NPs) have attracted a lot of interest because they 

may be useful in a wide range of applications. The application of nanomedicines and 

nanovaccines is being thoroughly studied, especially in the biomedical sector. However, 

nothing is known regarding the dangers of nanomaterial exposure and their 

biocompatibility [1-3]. Human exposure to nanomaterials can be purposeful, as in the case 

Abstract: Metal oxide nanoparticle (MON) biofunctionalization has a significant 

impact on biomedical domains. Because of this, it is necessary to comprehend 

how MON interact with proteins before considering the material for a specific 

biomedical application. Chemical co-precipitation was used to create ZnO: CuO: 

Fe2O3 nanocomposits. UV spectroscopy, X-ray powder diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM), 

scanning electron microscopy (SEM), and EDAX were used to investigate the 

synthesised nanocomposites. The single-phase cubic structure was validated by 

FTIR and XRD. Protein interaction with prepared nanocomposite was carried out 

using circular dichroism. In addition to the Cu-O and Zn-O vibration modes, the 

FTIR spectra validate the coexistence of both phases and the distinctive vibration 

of ferrites atoms at tetrahedral and octahedral sites. Debye Scherrer's formula 

yielded a crystallite size of 23–28 nm, but SEM revealed that the nanoparticles 

were 10–30 nm in size. No change in protein conformation on binding with 

ZnO:CuO:Fe2O3 nanocomposites indicates that the BSA-ZnO:CuO:Fe2O3 

nanocomposite system is biologically compatible. Designing optimised MON for 

various biomedical applications will benefit from the study. 
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of using consumer goods using nanotechnology, or unintentional, as in the case of 

occupational exposure. Although there are more and more research showing the negative 

effects of nanomaterials in in-vitro biological systems, it is not yet apparent if the 

information can be accurately extrapolated to forecast the negative consequences of 

nanotechnology on people [4-5]. 

The interactions between cells and nanoparticles are ultimately determined by the 

formation of a protein corona, which is the outcome of protein adsorption once the 

nanoparticles have entered the body. When NPs interact with proteins, they can cause 

physiological or conformational changes in the protein as well as disrupt its regular 

functioning, which can be harmful to the body. The intricacies of the interaction 

mechanism and the biological fate of NPs are provided by an in-vitro interaction 

investigation of proteins [6-7]. 

 

The phenomena of proteins interacting with metal oxide surfaces has drawn more attention 

since it is crucial in assessing whether metal oxide nano materials are biocompatible for use 

in medicine.  

Maghemite (γ-Fe2O3) is frequently utilised for drug administration, bioimaging, and 

biosensing applications, as well as for its anticancer properties [8-9]. 

 

Energy transfer based on CuO NPs can be applied successfully to FRET-based biosensors 

and biomolecular recognition. Because the protein binding on the NP surface affects their 

cellular uptake and biodistribution, it is crucial to characterize them to study the efficacy 

and toxicology of NPs in the human body. The antibacterial and biocidal qualities of copper 

oxide (CuO) and its many biological uses have garnered a lot of interest [10-12]. Copper 

oxide (CuO), zinc oxide (ZnO), and iron oxide (Fe2O3) are examples of metal oxide 

nanoparticles that are perfect for biological applications due to their antibacterial and 

antifungal characteristics [13]. 

 

In the nano domain, zinc oxide (ZnO) is one of the metal oxides which, with sufficient 

biofunctionalization, can be employed in a variety of biomedical applications, such as 

antibacterial activity [14], drug transport [15], bioimaging [14], biosensor [10], and cell 

viability [13]. BSA's interactions with Ag [16], Au [17], ZnO [18-20], and TiO2 [21] have been 

studied. 

The compounds known as ternary metal oxides (TMOs) are made up of three distinct metal 

oxides. In recent years, these materials have drawn a lot of attention because of their special 

qualities and possible uses in a variety of industries, including biomedicine. New 

therapeutic and diagnostic tools can be developed by taking advantage of TMO-protein 

interactions[22]. 

ZnO:CuO:Fe2O3 nanocomposites have garnered a lot of attention due to their unique 
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properties and applications in the biomedical sector. Protein-nanocomposites interactions 

are key to understanding their toxicity, biocompatibility, and potential applications. The 

complex interactions between ZnO:CuO:Fe2O3 nanocomposites and proteins need to be 

better understood in order to facilitate the development of novel applications and ensure 

the safe usage of these materials. More investigation is required to completely comprehend 

the intricate relationships between TMOs and proteins in order to guarantee the safe use of 

TMO-based products and to support the creation of novel applications [23]. 

 

2. Materials and methods: 

The following materials were obtained from S.D. Fine Chem Limited: zinc sulphate 

heptahydrate (ZnSO4·7H2O, 99%), sodium hydroxide (NaOH), ethanol, crystal violet, cupric 

nitrate trihydrate (Cu(NO3)2.3H2O, 99.5%), and ferrous ammonium (II) sulphate 

heptahydrate (FeSO4·7H2O, 99%). All analytical-grade chemical reagents were utilised 

without additional purification. 

Synthesis of ZnO: CuO: Fe2O3 nanocomposite 

Cu(NO3)2.3H2O, ZnSO4.7H2O, and Fe(NH4)SO4.7H2O dissolved in deionised water with 

1:3:4,  ratios of CuO, ZnO, and Fe2O3 were used to create a ZnO:CuO:Fe2O3 nanocomposite 

using the co-precipitation method. The precipitation of metal ion hydroxides by 

concentrated sodium hydroxide. The precipitates underwent filtering, multiple distilled 

water washes, and a 24-hour electrical oven drying process at 110 0C. In a tube furnace, the 

dehydrated samples were calcined for six hours at 500 0C (24, 25). 

 

3. Structural Characterization 

To measure the optical absorption spectra between 300 and 800 nm, the Systronic UV-2203 

UV-Vis spectrophotometer was utilised. The Schimadzu XRD-7000 and CuKα were used to 
capture the X-ray diffraction pattern in the 2theta 10nm to 80nm region, using a wavelength 

of light (λ = 0.15406 nm). Particle size and elemental analysis of the generated A Scanning 
Electron Microscope with Energy Dispersive X-Ray Analysis (JEOL-JSM-6360A) was used to 

evaluate the nanocomposites. FTIR analysis was performed in a KBr matrix using a Perkin 

Elmer (RFPC-5301) with a range of 500–4000 cm-1. The TEM (PHILIPS-CM 200) was used to 

observe the produced nanocomposites in order to determine their precise morphologies 

[25-26]. 

 

4. Denaturation studies 

Using the Jasco-815 CD spectrometer, CD spectra were acquired at room temperature in the 

far UV (180-260 nm) and near UV (260-360 nm) regions. Over a 1 cm route length, the BSA 

concentration was 15 × 10−6 mol dm−3 in the near UV region and 0.3 × 10−6 mol dm−3 in the 
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far UV zone. Throughout the experiment, the nitrogen gas was purged. The molar ellipticity 

[θ] is displayed against the appropriate wavelength in the CD spectrum [27]. 
 

4. Results and Discussion 

a. UV- Specroscoscopy 

ZnO:CuO:Fe2O3 nanocomposite show strong visible light absorption at 500nm(fig 1) 
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Fig 1: a) ZnO:CuO:Fe2O3  nanocomposite UV absorption spectrum 

 

 
Figure 2: The ZnO:CuO:Fe2O3  nanocomposites' band gap energy curves 

 

The direct and indirect band gap energy determine from the plot of (αhʋ)2 versus Eg (Fig 2) 

by extrapolating the curve's linear part to the energy axis for as-synthesized ZnO:CuO:Fe2O3 

nanocomposite. The direct band gap is 3.17eV, and the indirect band gap is 2.38eV. 

Therefore, it was expected that the ZnO:CuO:Fe2O3 nanocomposite possessed 

comparatively good semiconductor properties and  possessed photocatalytic activity in the 

visible region. [28-29]. 

 

b. XRD 

X-Ray Diffraction Studies shows the major diffraction peaks are between 15° and 65° (2 θ) 
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(figure 3) .The 2-θ values of the diffraction peak are 29.96°, 35.31°, 56.75° and 62.30° 

corresponded to the (220), (311), (222), (220), (333) and (440) planes of α- Fe2O3 

nanoparticles respectively (JCPDS 36-1451). The peak at 2θ = 29.96° the (220) plane of Fe3O4. 

Hexagonal wurtzite structure of ZnO nanoparticle belong to the (JCPDS data card No. 79-

2205). The monoclinic structure of CuO is confirmed by the well-developed peaks in the 

nanocomposite's XRD pattern at 2θ = 18.23°, 38.71°, 42.9°, 53.3°, and 59.36°, which are caused 
by the (1 1 0), (1 1 1), (1 1 1), (1 1 2), (2 0 2), (1 1 2), (0 2 0), (2 0 2), (1 1 3), and (0 2 2) planes, 

respectively (JCPDS data card No. 89-2529). Absence of other copper peaks in the XRD 

spectrum indicates that air oxidation occurs when annealed at 500o C. The peaks at 2θ = 
18.2° ascribed to the (200) planes of CuO are shown to grow in intensity with the 

concentration of CuO. this suggest that oxides combine inter grain coupling instead of intra 

granular coupling. The diffraction peaks at 2θ values of 17.65, 29.96, 35.35, 36.95, 42.95, 
56.7596 and 62.30 corresponded to the (111), (220), (311),(222), (220), (422), (333) and (440) 

ZnO nanoparticle planes that are hexagonal, respectively (JCPDS 36-1451).[25-30] 

 

 
Figure 3: XRD spectra of ZnO:CuO:Fe2O3 nanocomposite 

 

According to Debye-Scherer's formula, the size of a crystalline particle (31). 

Average particle size (D) =
0.9 × λβ × COSθ 

Where, D, λ, β, and θ stand for crystalline particle size, X-ray wavelength, diffraction angle, 

and diffraction peak widening, respectively. 

Table 1: Particle size of ZnO: CuO:Fe2O3 nanocomposite 

2theta 
(2 θ) θ /2 Θ in radians fwhm 

d in 
radians 

d particle size 
A0 

particle size 
nm 

35.315 17.66 0.3081815 0.3591 0.006267 232.1659 23.21659 
62.3095 31.15 0.5437530 0.3364 0.005871 275.9564 27.59564 
29.9626 14.98 0.2614730 0.3448 0.006018 238.5097 23.85097 

The particle size obtained using Debye-Scherer’s formula is between 20-30nm as mention in 
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table 1. 

c. FTIR Spectra 

The ZnO: CuO: Fe2O3 nanocomposite's transmittance spectra are shown in Figure 4. A wide 

peak in the FTIR spectrum at about 550 cm-1  corresponds to the M-O vibrational mode at 

the tetrahedral site . Fe–O, Cu–O, and Zn–O stretching vibrations overlap in the 400–800 

cm−1 range. According to recent research (27–29), the Zn–O stretching band and the Cu–O 

stretching band in the monoclinic phase are found in the 400–660 and 430–610 cm−1 areas, 

respectively, whereas the distinctive peaks of Fe–O in Fe3O4 are located at 570 and 375 cm−1. 

1114-1128 cm-1 is equivalent to 1000-1250 cm-1 of Cu-O stretching vibration. The peak at 1435 

cm-1 is caused by the stretching vibration of C=O [25-26, 32-35]. 

 
Figure 4: FTIR spectra of CuO:ZnO:Fe2O3 nanocomposite 

d. SEM and EDAX: 

The aggregated morphology of nanocomposites has mixture of nano particle with grain size 

around 10 to 40 nm as shown in fig. 5a. However, EDAX spectra (Fig. 5b) confirms the 

presence of the expected chemical element on the samples. The prepared ZnO:CuO:Fe2O3 

nanocomposites are in agreement with EDAX and XRD results. 

  

(a) 
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Figure 5: a )FESEM of CuO:ZnO:Fe2O3 nanocompositeb) EDAX of CuO:ZnO:Fe2O3 

nanocomposite 

The EDAX clearly confirm the presence of Cu, Zn and Fe , oxygen and traces of Na, sulphur 

and Si. 

The ternary nanocomposite ZnO: CuO:Fe2O3 EDX analysis is shown in Figure 5b, which also 

shows the mass and atomic percentages of the various components. These value 

percentages are summarised for convenience in the attached table. iron (Fe) and oxygen 

(O) have greater atomic percentages and masses, which suggests that they predominate in 

the composition as shown in table 2.  

 

Table 2: Weight and atomic percentage of CuO:ZnO:Fe2O3 nanocomposite 

Element Weight% Atomic%  

C K 5.02 11.81  

O K 30.47 53.83  

Na K 3.13 3.85  

Si K 0.83 0.84  

S K 0.49 0.44  

Fe K 42.05 21.29  

Cu L 13.33 5.93  

Zn L 4.68 2.02  

Totals 100.00   

The synthesis process or the type of raw materials employed may be responsible for this.  

e. TEM 

Transmission Electron Microscopic Studies of ZnO:CuO:Fe2O3 nano composite shows Rod 

like structure of CuO, Spherical Fe2O3 and wurtzite shape of ZnO in fig. 6 TEM images 
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Figure 6: TEM images of nanocomposite a) 200nm b) 50nm c) 20nm d) 20 nm 

 

f. Circular dichroism spectroscopy 

Conformation of proteins in aqueous solution can be studied by Circular dichroism 

spectroscopy. Biological activity of the proteins is affected by conformational changes in its 

structure. It provides information whether protein is denatured on not when they are 

interacted with nanoparticles. The BSA spectra (in Figure 7) were captured both with and 

without the nanocomposite. The near UV signal indicates that BSA's tertiary structure 

doesn't change over the course of the system. 

 
Figure 7: Spectra of BSA near UV both with and without ZnO:CuO:Fe2O3 nanocomposites. 

No change in protein conformation on binding with Nanocomposite indicates that the BSA-

Nanocomposite system is biologically compatible. 

 

5. Conclusions 

ZnO:CuO:Fe2O3 nanocomposites were synthesised using a simple co-precipitation 
technique. This sample's FTIR spectrum reveals the existence of functional groups linked to 
metal oxides. ZnO:CuO:Fe2O3 nanocomposites were detected by the prominent peaks in the 
XRD results, which also showed that the generated sample was nanosized. TEM image of 
Nanocomposite shows rod like, spherical, wurtzite shape of crystal of CuO, Fe2O3 and ZnO 
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respectively. No change in protein conformation on binding with ZnO:CuO:Fe2O3 
nanocomposites indicates that the BSA- ZnO:CuO:Fe2O3 nanocomposites system is 
biologically compatible. Further protein interaction with other metal oxide nanocomposite 
can be studied for better understanding of BSA-metal oxide nanocomposite interaction and 
their biocompatibility. 
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