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______________________________________________________________________________________________________________ 

 Abstract: In this study the sol-gel method was used to create a composite of titanium oxide nanoparticles (TiO2-

NPs) @ ZnO nanoparticles (TiO2 @ ZnO). Using a hydrothermal process, the TiO2@ZnO nanocomposite (NC) was 

changed via wreathing cadmium sulphide nanoparticles (CdS NPs) (TiO2@ZnO–CdS). Fourier transform infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDAX) were 

employed to investigate the TiO2@ZnO–CdS NC. The CdS NPs are uniformly distributed over the TiO2@ZnO NC. 

According to FESEM analysis. TiO2@ZnO–CdS NC is used to detect imidazole at low concentrations and assess 

cytotoxicity. The TiO2@ZnO–CdS NC has been found to have the best electrochemical sensing activity and 

considerable cytotoxicity against A549 lung cancer cells. 
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Introduction 

The photocatalytic approach has gained 

popularity among the approaches used to degrade 

environmental contaminants. Titanium dioxide 

nanoparticles (TiO2 NPs) have a significant 

oxidising power, which makes them suitable for 

solar cells, supercapacitors, sensors, water 

treatment, and photocatalytic dye deterioration 

when exposed to light. The TiO2 is accessible in 

different composite forms, including TiO2@Fe2O3, 

GO@TiO2, TiO2@ZnO@Ag and MoS2@TiO2. This 

nanocomposite (NC) significantly improves the 

semiconductor-based photocatalytic demand for 

capturing incident light, and new energy generates 

electron-hole transforms to reduce electron-hole 

and quick recombination. The goal of this study 

was to modify TiO2 NPs that have been engineered 

using ZnO NPs and then adorned with CdS NPs 

using a hydrothermal technique. The sensing      

and cytotoxicity activity of TiO2/ZnO–CdS 

nanocomposites (NCs) was investigated further 

after their manufacture (Luo et al., 2015; 

Pragathiswaran   et al.,  2015,   2022;   Cruz   et   al.,  
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2017). 

Materials and Methods 

Titanium (IV) chloride (TiCl4), Cetyltrimethyl 

ammonium bromide (CTAB), tetraethyl 

orthosilicate (TEOS), cadmium nitrate (Cd 

NO3.4H2O), sodium sulphide (Na2S.9H2O), 100% 

methanol, ethanol, and ammonium hydroxide 

(NH4OH) were of Analar reagents. 

Synthesis of TiO2-NPs: 

TiCl4 (9 ml) was progressively added to 

deionized water with ice bath while steadily 

stirring till fully dissolved, then 18 ml of 30% 

NH4OH was added to resultant solution. One hour 

was given for the resultant titanium hydroxide 

(Ti(OH)4) to stand. TiO2 NPs were filtered, washed 

with deionized water (DW), and dried in a vacuum 

oven at 100 °C for three hours. 

Fabrication of TiO2@ZnO–CdS NC: 

TiO2 (1 g) and 1M ZnSO4 (60 ml) were infused 

dropwise into 2M NH4CO3 (30 ml) solution while 

aggressively agitating at 600 °C for 1 h. The 

resultant was filtered and rinsed three times with 

double-distilled water and ethanol before being 

dried in a vacuum oven at 60 °C for 24 h. The 

resultant was calcined for 1 h at 600 °C to yield 

TiO2/ZnO powder. CdS NPs were dropped onto the 

surface of the TiO2@ZnO NC by chemical reduction 

method. TiO2@ZnO NC (1g) was disseminated in 

DW (250 ml) with constant agitating for 30 min. 

0.4 mmol L-1 of Cd(NO3).24 H2O, and 1.5 mmol L-1 

of Na2S was added. Twenty milliliters of water and 

pure ethanol were mixed with 0.03 mmol L-1 

glutathione. 1 g of TiO2/ZnO NC was wrapped in 

an autoclave, and incubated at 453 K for three and 

half hours. The TiO2/ZnO–CdS NC was formed 

after the reaction by rinsing the ensuing sample 

with deionized water and pure ethanol and drying 

it overnight. 

Characterization:  

FESEM and EDAX were used to examine the 

morphology, and elemental analysis of TiO2@ZnO–
CdS NC, respectively. FTIR (Shimadzu-650) 

spectroscopy was used to examine the functional  

groups of the NC. 

Electrochemical characteristics on the electrode 

surface: 

The glassy carbon electrode (GCE) is incorporated 

in the presence and absence of imidazole to 

determine oxidation and reduction of CV peak 

current.  Figure 1 shows the CV peak currents of 

bare GCE. The peak current of oxidation was 

determined to be 0.2 x10 -4A without Imidazole 

and 0.2×10-4 A with imidazole. The reduction peak 

current was found to be 1.0×10-4 A without 

imidazole and 2.6×10-4 A. with imidazole. 

Cytotoxicity measurement:   

DCFH-DA reactive oxygen species (ROS) detection 

kit (S0033) was obtained from Abcam. The A549 

lung cancer cells were seeded at the concentration 

of 104 cells at 96 well plates and allowed to attach 

for 5 h. Then the TiO2@ZnO–CdS dissolved RPMI 

medium was exposed to the cells at 40 and 120 

µg/ml for 6 h. After that, the cells were rinsed in 

PBS and stained with DCFH-DA for 45 min. The 

cells were then rinsed in wash buffers and 

examined using fluorescence microscopy. 

Results and Discussion 

Surface morphology investigation:  

 FESEM pictures show that all investigative NCs 

have a homogeneous structure and spherical 

shape (Figs. 1a-c). The CdS NPs are equally 

distributed across the spherical surface of the 

TiO2@ZnO NC. The post-annealing process could 

make the porous nature of the TiO2@ZnO–CdS 

(Lee et al., 2015; Yu et al., 2015; Harinee et al., 

2022]. The results of TiO2@ZnO–CdS NC elemental 

analysis for EDAX spectrum demonstrated the 

existence of Ti, Si, O, Cd and S in hybrid material 

formation as shown in Figure 1d. 

 Analysis of FTIR: 

As shown in Figure 2, the FTIR spectra of TiO2 NP, 

TiO2@ZnO, and TiO2@ZnO–CdS NC were carried 

out and recorded. The peaks at 456 and 532 cm-1 

were ascribed with Ti–O–Ti stretching vibration. 

The bands about 3750 and 1700 cm-1 for bending 
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Fig.1: FESEM image of (a) TiO2 NPs (b) TiO2@ZnO (c) TiO2@ZnO–CdS (d) EDAX- spectrum. 

 

 

                         Fig. 2: FTIR spectra of (a) TiO2 NP (b) TiO2@ZnO (c) TiO2 @ ZnO–CdS NC. 
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Fig. 3: Cyclic Voltammetry of (a) GCE without imidazole and (b) GCE with imidazole in HCl containing 1.0×10-4 M. 

and stretching vibrations of –OH and adsorbed 

H2O, respectively. Peaks generated at wave 

numbers of 1360 and 1250 cm-1 in TiO2@ZnO–
CdS NC might be attributed to the symmetric and 

asymmetric stretching waves of Zn – O – Zn in 

ZnO in the NC. Ti–O–Zn waves were detected at 

621 and 786 cm-1. 

Electrochemical determination of imidazole: 

The CV technique is a popular and successful 

approach for investigating properties of modified 

GCE electrodes: (a) TiO2, (b) TiO2 @ ZnO/GCE, (c) 

TiO2 @ ZnO–CdS/GCE and (d) TiO2 @ ZnO–
CdS/GCE with 1.0 x 10-4 M Imidazole. Figure 1 

shows the modified electrodes with and without 

imidazole, as well as the CV peak currents of bare 

GCE (Figs. 3, 4). Without imidazole, the oxidation 

peak current was determined to be 0.3 X10-4 (a) 

and 0.3 X 10-4 A with imidazole. The anodic 

current increased due to the addition of NPs.  The 

cathodic peak current was found to be 1.0×10-4 (a) 

without imidazole and 2.9×10-4A with imidazole. It 

indicated the larger active area of the NC, which 

also reflected its electron transfer property. The 

peak current ratio Ipa/Ipc was around 1 A. The 

anodic potential was observed to be -100 (a) 

without imidazole and -300 mV with imidazole 

(d). The cathodic peak potential was found to be –
50 without imidazole (a) and 50 mV with 

imidazole (d). The difference between anodic and cathodic potential variation (∆E ) was between 
100 mV and 300 mV. The anodic and cathodic 

peak currents continued to increase as the scan 

rate increased from (10–400 mVs-1) while the 

potential practically remained constant. 

Cytotoxicity assessment of TiO2@ZnO–CdS NCs: 

ROS generation played a significant role in cellular 

toxicity of metal and metal oxide NCs. Production 

of O2
−, H2O2, ·OH was determined in NPs treated in 

cells after 24 h. TiO2@ZnO–CdS NCs exposure 

increased ROS production and disrupted redox 

equilibrium. Cellular ROS levels of A549 lung 

cancer cells treated with 40 µg ml-1 expressed the 

significant percentage of ROS while the increasing 

level of ROS was observed at the higher dosage 

(120 µg ml-1) of NC treatment (Fig. 5). 

Fluorescence microscopy images representing the 

green fluorescence of DCF uptake (ROS 

generation) in A549 cells were corroborated with 

the oxidative stress-related toxicity of synthesized 

NCs (Popescu et al., 2015; Shao et al., 2015; Cao et 

al., 2015). The excessive ROS generation on the 

cellular environment induced the metabolic 

changes which affected the protein regulation 

pathways and destroys the cancerous cells.         

The resultant data confirmed the 
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Fig. 4; CV response of bare GCE (a) TiO2@ ZnO/GCE, (b) TiO2 @ZnO–CdS/GCE, (c) TiO2@ZnO–CdS/GCE with 

1.0×10-4 M imidazole. 

 

 

Fig. 5: Fluorescence microscopy analysis of intracellular ROS level Untreated control cells (a), 40  and 120 µg 

ml-1 TiO2@ZnO–CdS exposed cells (b) and (c) respectively. 

acceleration of ROS generation was driven by the 

combined effect of TiO2@ZnO–CdS NCs in a dose-

dependent manner (Ma et al., 2015; Mary et al., 

2021; Praathiswaran et al., 2021). 

Conclusion 

Cadmium  sulphide  nanoparticles  were  wrapped  

around the TiO2@ZnO NC. FESEM, EDAX, and XRD 

were used to characteriSe the TiO2@ZnO–CdS NC. 

The TiO2@ZnO–CdS NC showed best 

electrochemical sensing activity of imidazole at 

lower concentration and the cytotoxicity study 

revealed that TiO2@ZnO–CdS had significant 

cytotoxicity towards A549 lung cancer cells. This 
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is confirmed that the TiO2@ZnO–Cd NC could be 

used as a photocatalysis, electrochemical sensor 

and anticancer material in future. 
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