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Abstract 

Mixed metal oxide nanoparticles (NPs) of ZnO-TiO2 (ZTiO) were synthesized using a simplistic two-step electrochemical-

thermal route in the presence and absence of three surfactants: Cetyltrimethyl ammonium bromide (Cetrimide), Sodium 

dodecyl sulphate (SDS) and polyethylene glycol (PEG). This investigation intended to assess the possible applicability of 

these nanocomposites for degradation of 2 organic aqueous dyes-methylene Blue (MB) and Eriochrome Black-T (EBT). The 

potential application of ZTiO as antimicrobial agents was also investigated using disc diffusion technique against the Gram-

negative bacteria, Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae and the Gram-positive Staphylococcus 

aureus. Antioxidant property of the NPs was established by DPPH radical scavenging technique. The particles show a 

considerably high bacteriostatic effect towards all the pathogens tested. ZTiO also showed significant cytotoxicity to HeLa 

breast cancer cells. This proves that the electrochemical synthetic route with its low cost and high efficiency is a competent 

technique for the large-scale synthesis of heterometal oxide photocatalysts which could potentially be used as effective 

therapeutic agents. 
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Introduction 

The past few decades have witnessed an escalating demand for 

metal oxide nanostructured materials which can offer solutions 

to various problems of the environment, electronics and 

biology
1
. Heterogeneous photocatalysis is an attractive and 

efficient technology for bringing about photodegradation in 

organic wastes-particularly dyes present in effluent water. It is 

alluring and beneficial as it brings about complete 

mineralisation of these compounds
2, 3

 with the added advantage 

of affordability, ease of production, and specificity
4,5

. 

Nanomaterials possess relatively large turn-over capacities, 

retrievability and recyclability
6
. Effectual charge separation 

which prolongs the life of the generated charge carriers is 

favourable for photooxidation and mineralization
7 

. This has 

been achieved by coupling semiconductors possessing different 

corresponding conduction and valence band energy levels
8
. 

 

Among the many semiconductors, ZnO and TiO2 have 

established themselves as promising photocatalysts owing to 

interesting optical and electrical properties, economic viability, 

stability, and easy accessibility
9
. The composite exhibits greater 

photocatalytic activity relative to the pure parent metal oxides. 

This may be accredited to an extended range of light 

absorptivity in addition to effective transfer of charge between 

ZnO and TiO2
10

. Photocatalysis using such a hybrid ZnO-

TiO2semiconductorcomposite is a relatively novel method 

which includes fabricating the semiconductor metal oxidenano 

structures possessing tunablephysico–chemical properties. 

 

Nano structured biomaterials have conspicuous features one of 

which is the ability to circulate in the blood stream taking 

advantage of their small size giving them access to specific 

cells.
11

 Various reports reveal how antibiotics disturb the typical 

bacterial flora of the digestive tract resulting in threat of 

multidrug resistance.
12

 The emphasis for developing novel 

biocides possessing good bactericidal properties which do not 

generate resistance gains prominence. One of the functional 

applications of antibacterial bioactivity is in the food packaging 

industry in which nanoparticles (NPs) are employed as 

antibacterial agents to resist foodborne ailments. These NPs are 

released onto the food surface and when they come in contact 

with the food borne pathogens, they cause bacterial death or 

inhibition
13

. 

 

Nanocomposites present wide applications in medicine, 

biotechnology and effluent water treatment owing to their 

modifiable properties, high stability and nano size
14,15

. 

However, most methods espoused for their synthesis utilize 

expensive substrates, rigorous techniques, sophisticated 

equipment and complicated experiments in difficult 

conditions
16

. In this work, the authors present an analysis of the 

antimicrobial, photocatalytic, antioxidant and cytotoxic activity 

of hetero metal oxide nanoparticles of ZnO-TiO2 synthesized 
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using a facile electrochemical process in the presence and 

absence of surfactants. 

 

Materials and Methods  

Superior quality zinc plates (99.99%) have been used as 

electrodes. Analytical grade reagents were procured from Sisco 

Research laboratories, Mumbai. Electrolysis was performed at a 

steady voltage of 12V using a PS 618 model potentiostat. 

Filtration was carried using Whatman No. 41 filter paper. 

Streptomycin 10mcg/disc were bought from Hi-Media. Human 

promyelocytic leukemia (HL-60) cell line from NCCS-Pune 

were maintained under ideal conditions. RPMI-1640 medium 

was enhanced using Foetal Bovine Serum (10% FBS) and 

stored at 4

C for 30 days. 

 

Synthesis of nanocomposites: Mixed metal oxide NPs were 

fabricated by a standard electrochemical technique.
17

Priorly 

activated zinc plates were employed for electrolysis. Activation 

was achieved by dipping in dil. HCl for 30 seconds and then 

rinsing in pure (millipore) water. A 400mL solution of Na2Ti3O7 

was taken in an undivided rectangular pyrex vessel which 

contained 0.01 moles of NaHCO3 for conductance. pH was 

maintained steady at 10 using NH4OH/NH4Cl buffer. Pure Zn 

plates acted as both cathode and anode. Potentiostatic conditions 

(12V) were maintained for one hour of electrolysis with 

continual magnetic agitation at 500rpm. The obtained white 

ZTiO powder was filtered followed by calcination for one hour 

at different temperatures. Mixed metal oxide NPs were also 

fabricated by adding 3 synthetic surfactants (cetrimide, SDS and 

PEG) to the electrolytic bath in amounts just above their critical 

micellar concentrations. 

 

Assessment of photocatalytic activity of MB and EBT: 

Photocatalysis was carried inside a 150×75 mm pyrex reactor 

under Ultraviolet light using a mercury high-pressure vapor 

lamp (flux =5.8×10
-6

mol photons s
-1

). Temperature was 

maintained at 30+2

C. To prevent fluctuation of the input light 

intensity, the lamp was connected to a capacitor and supply 

ballast in series. Water circulation through the quartz tube 

avoided excess heating. The reaction suspension included the 

catalytic load in which 0.1g of ZTiO in 100mL MB/EBT (5,10, 

25ppm) solution was taken. The suspension was kept in the dark 

for 2 hours prior to illumination and magnetically stirred to 

attain uniform absorption-desorption equilibrium. Absorbance 

values of MB and EBT were recorded at 660nm and 568nm 

respectively. Experiments were performed in triplicate. Relative 

error observed was lower than +3.0%. The results for the 

optimized ZTiO photocatalyst are presented in comparison to 

the standard photocatalyst Degussa P25 TiO2. 

 

Antimicrobial property: Antibacterial property was studied 

using agar well diffusion method
18

 against Gram-negative 

bacteria K. pneumoniae- NCIM2719, E. coli– NCIM5051, P. 

aeruginosa– NCIM2242 and Gram-positive bacteria S. aureus – 

NCIM5022. Spread plate technique was employed for the 

preparation of sterile nutrient agar plates. A 0.7mm sterile 

blotting paper disc was saturated with 30μL of NPs, dried and 

added over the top layer of the seeded nutrient agar plate.100μL 

of the inoculums (1.0×10
8 

Cfu/mL) was introduced into the agar 

plate. The synthesised ZTiO nanoparticles were dissolved in 

20% DMSO solvents under sterile conditions. Streptomycin 10 

mcg/disc was employed as the positive control. DMSO soaked 

disc was the negative control. Incubation of the plates at 37

C 

was carried out for 24 hours after which the zones of inhibition 

were measured in triplicates. 

 

Antioxidant property: DPPH radical scavenging: Correctness 

and repeatability makes the DPPH method a preferred choice 

for researchers for the assessment of the NPs inhibition potential 

towards generation of radicals
19

. Standard ascorbic acid (0.1 

mg/mL) solution was taken in different test tubes along with 

diluted NPs (0.1mg-1.0mg/mL) and made up to 1.0mL using 

methanol. 3.0mL of DPPH (0.1M) was added. It was thoroughly 

mixed in a vortex machine. This mixture was left aside away 

from light for 30 mins. Absorbance readings at 517nm 

wavelength were taken. Assessment of radical scavenging 

ability was done and expressed as percentage with the help of 

the given equation.  

 

             
                

          
                                        

 

Reducing power assay: Reducing power was appropriately 

determined by employing a standard technique
20

. In different 

incubation tubes, Standard solution (0.1mg/mL) along with 

diluted solution of NPs (1.0mg/mL) were analysed. 2mL of a 

pH 6.6 phosphate buffer was added to reaction batch along with 

2.5mL of 1% solution of potassium ferricyanide. The tubes were 

then incubated suitably at 50°C for 20 mins. 2.5mL solution of 

10%CCl3COOH was added along with 0.5mL of FeCl3 solution 

(0.1%) and 2.5mL of distilled water and thoroughly mixed using 

a vortex mixer. The changed absorbance was monitored with 

time using a UV spectrophotometer (λ max = 700nm).  

 

Cytotoxic activity: Assessment of cytotoxic/anticancer activity 

on human leukemic cancer cells was achieved by MTT assay, to 

analyse  the cytotoxic activity of different ZTiO nano powder on 

different cell lines
21

. 96 well plate containing100μL culture 

medium was seeded with 5×10
4

 cells per well. It was kept for 

incubation at 37 

C for 24 hours along with 5.0% CO2.These 

cells were further treated with ZTiO nano powder of varying 

(25,50,75,100,125,150,175 and 200µg/mL for both cells) 

concentration and further set aside for 24-72 hours incubation. 

Subsequently, 10μL MTT solution (1.0mg/mL) prepared in 

Phosphate buffered saline (PBS). On addition to each well a 

formazan product was formed. For quantification a Bio-Rad 

microplate reader was used andthe cell proliferation was 

assessed by calculating IC50 values. 
 

Catalyst characterization: General morphology, structure, 

crystallite size etc of the NPs was understood from its Powder 
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X-ray diffraction (XRD) spectrum he along with their 

compositional analysis. Rigaku Miniflex (600) X-ray diffract to 

meter with Cu-Ka (1.5406Å) radiation was employed and 

recording was done in 2θ range of 10

- 90

 
at 1

 
min

-1
s can rate. 

Using Bruker Alpha-P spectrometer, FTIR spectrum of the 

ZTiO NPs was obtained. Shimadzu UV-1800 was used for 

recording of UV-Vis Absorption spectrum. Surface morphology 

assessment was performed by transmission and scanning 

electron microscopy by using JEOL (2000) FX-II Transmission 

electron microscope and Carl Zeiss EVO 18 scanning electron 

microscope respectively. Computation of the structure was done 

with the help of PAN alytical soft ware X’Pert High score.  

 

Results and discussion 

Compositional analysis of ZTiO heterometal oxide 

nanostructures: The XRD patterns of ZnO-TiO2 NPs is 

illustrated in Figure-1(a). As observed the patterns display 

crystalline nature for ZTiO reveals the growth of ZnO crystals 

on TiO2  nanoparticles. XRD patterns reveal their polycrystalline 

nature with mixed hexagonal, orthorhombic and tetragonal 

phases. TiO2too possesses three typical phases which include 

brookite, anatase and rutile. Anatase and rutile display 

crystalline tetragonal structure whereas Brookite have 

crystalline orthorhombic structure. A reaction between ZnO and 

TiO2 to form spinel Zn2TiO4 is observed as also seen in earlier 

reports
22, 23

. 

 

The peaks which appears at 2θ = 17.7° and 29.13°corresponds 

to Zn2TiO4 (101) and (112) planes (JCPDS card no. 19-1483).
24

 

The chief peaks at 2θ include those at 34.32° and 35.94° 

correspond to the (002), and (101) planes of hexagonal Zincate 

(JCPDS card No. 36-1451). The anatase peaks are obtained at 

2θ of 26.7° (101), 38.4° (112), and 55.1° (211) planes of 

reflections (JCPDS card No. 01-071-1166). The TiO2’s rutile 

phase is observed with 2θ values of 41.4° (110) (JCPDS card 

No. 00-001-1292). Similarly, brookite peaks of TiO2are 

observed at 2θ of 60.5° (600), 64.18° (023), and 66.23° (232) 

planes (JCPDS card No. 00-002-0514). 

 

EDX spectrum as shown in Figure-1(b) elucidates that the 

synthesized ZTiO catalyst comprises of Ti, Zn, and O only. No 

other remarkable impurities were observed which reveals the 

purity of these nanoparticles. Spectral details are as listed in 

Table-1. 

 

Table-1: Elemental composition of ZTiO NPs synthesized 

under optimum conditions. 

Element Weight% Atomic% 

Zn 25.35 11.34 

Ti 40.45 25.21 

O 33.40 62.54 

 

Surface morphology study: FESEM images as shown in 

Figure-2 reveal the role of the surfactant in changing the 

morphology of the NPs from less organized to more regular 

structures which act as better photocatalysts. The morphology is 

complete with extensive voids and pores which is probably due 

to the escape of gases during calcination. Interlinked crystallites 

together form networked structure having irregular pore sizes. 

 

TEM images confirm almost spherical particles with non-

uniform thickness accompanied by interactive mixing of ZnO 

and TiO2 particles crucial for photocatalytic efficiency. Well 

embedded particles attached to one another are seen in Figure-3. 

which is favourable for high degree of photocatalysis. The 

average size of a primary particle is observed to be 25 nm. 

 

 
Figure-1: (a)XRD pattern (b) EDX spectra of ZTiO synthesised using SDS as additive and calcined at 650


C. 
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Figure-2: FESEM images of the electrochemically synthesized ZTiO nanoparticles a) in absence of surfactants b) in presence of 

SDS as additive. 

 

 
Figure-3: TEM image of ZTiO calcined at 650


C synthesized 

using SDS as additive. 

 

FTIR spectra: The FTIR spectrum is as shown in Figure-4. 

Due to inter-atomic vibrations generally, metal oxide particles 

give typical absorption bands less than1000 cm
−1

i.e. in their 

fingerprint region. The spectrum of ZTiO displays wide 

absorption peaks ranging between 3100-3700 cm
−1

which 

correspond to the O–H (hydroxyl) stretching vibrations of water 

molecules adsorbed on the NPssurface.
25

The peaks at 944 cm
−1

 

and 584 cm
−1

 are the distinctive absorption peaks of Zn-O
26

 and 

Ti-O
27

 interatomic vibration. A wide absorption band at 1398 

cm
−1 

can berelated to the vibrational modes for Ti-O and Ti-O-C 

bonds in the ZTiOnanocomposite
28,29

. The peak at 2398 cm
−1 

is 

due to the Ti-O-Ti bond stretching in the nanocomposite.
30

This 

proves the formation of ZTiO composite. The functional groups 

play a substantial part in influencing photocatalysis since 

photocatalytic reactivity typically happens on the photocatalyst 

surface. 

  
Figure-4: FTIR spectra of ZTiO calcined at 650


C synthesized 

using SDS as additive. 

 

Thermal Stability Assessment: Thermogravimetric analysis 

reveals weight loss of 1.797% is observed at 900°C as seen in 

Figure-5 which confirms the capacity of the nanoparticles to 

resist heat. Micro voids may be the cause for weight loss over 

900

C. Water and O2 and get thermally desorbed from ZTiO 

surface which could also be another factor indicating the 

porosity of the nanopowder. 

 

Band Gap: UV spectrogram of ZTiO is evident in Figure-6(b) 

and the Band gap, studied using Tauc plot as depicted in Figure-

6(a). Band gap energy for the nanocomposite has clearly shifted 

closer to ZnO giving a value of 3.2 eV. This may be accredited 

to the development of various defect levels inside the forbidden 

energy band.  
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Figure-5: TGA of ZTiO nanoparticles synthesised at 650


C using SDS as additive. 

 

 
Figure-6: ZTiO nanoparticles (a) Tauc Plot (b) UV spectrogram for NPs calcined at 650


C synthesized using SDS as additive. 

 

Evaluation of photocatalytic activity: Prior to photocatalysis, 

the suspension containing dye solutions along with ZTiO NPs 

were kept aside in the dark with continual stirring for 1 hour in 

order to establish an adsorption equilibrium. High 

decolourization efficiency of93.6% and 91.75% for MB and 

EBT respectively was observed for ZTiO particles synthesized 

using SDS as additive as seen in Figure-9. The percentage of 

dye degradation accomplished by using ZTiO is determined 

with the help of the following formula, 

 

                 
     

  
                    (2) 

 

where Ci - initial concentration; Cf- final concentration of the 

dye.  

 

Effect of dye concentration: The process of photodegradation 

is also dependant to some extent on the initial dye concentration 

taken. 5 ppm and 10 ppm solutions were easily degraded up to 

95% for MB and 93% for EBT as seen in Figure-7. Whereas in 

25ppm solution the percentage dropped to 75% and 52% which 

shows that 10ppm is the most suitable concentration to be 

degraded by he NPs. 

Reusability of the photocatalyst: The synthesised NPs have 

been found to be useful as photocatalysts for three consecutive 

uses as seen in Figure-8. Degradation of 95.63%, 94.13%, 

93.12% was seen for 10ppm MB and 93.70%, 92.52% and 

91.31% degradation were achieved for 10ppm in the first, 

second and third cycle respectively. This clearly indicates that 

the NPs can be comfortably used even up to three times. 

 

Kinetics of dye degradation; Estimation of the photocatalytic 

action of the synthesized ZTiO nanocomposites is done by the 

kinetics study for MB and EBT degradation. Photocatalysis is 

governed by the formula -lnC/C0 = kt where, dye concentration 

during time tis represented by C and initial concentration is 

represented by C0. kst ands for the rate constant in min
-1

.
31

 

 

The calculated rate constants are tabulated in Table-2. Degussa 

P25 commercial photocatalyst of TiO2 is taken as the reference 

under similar conditions. The table reveals that relatively high 

rate constant of 0.017922min
-1

 and 0.015767min
-1 

is obtained 

for ZTiO synthesized using SDS as an additive. The reason for 

greater activity is probably owing to the greater charge 

separation in the ZTiO nanocomposite. The electron-hole 

combination reduces giving greater photocatalytic behaviour
32

. 
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The kinetic plots for the degradation of MB and EBT 

synthesized without using surfactants and in the presence of 

SDS, PEG and Cetrimide is represented in Figure-9(a) and (b) 

respectively. 

 

 
Figure-7: Photodegradation using ZnO-TiO2 for varying concentrations of a) MB and b) EBT. 

 

 
Figure-8: Reusability of the ZTiO photocatalysts for (a) MB and (b) EBT degradation. 

 

Table-2: Kinetics parameters for the degradation of MB and EBT using different photocatalysts. 

 MB EBT 

Photocatalyst % degradation k×10
-2 

min
-1

 % degradation k×10
-2 

min
-1

 

ZTiO + No additive 90.9375 1.3369 85.4481 1.0014 

ZTiO + SDS 95.6359 1.7922 93.7009 1.5767 

ZTiO + PEG 92.5083 1.5045 89.0338 1.4658 

ZTiO + Cetrimide 91.2977 
 

1.3418 
86.4798 

 

1.0796 

Degussa P25 TiO2 92.6856 1.3946 92.1655 1.5487 
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Figure-9: Photocatalytic degradation of (a) MB and (b) EBT. 

 

 
Figure-10: Kinetic studies of rate constant of the degradation of (a) MB (b) EBT with different photocatalysts. 

 

Kinetic studies reveal that photodegradation follows pseudo first 

order kinetics. The rate constants k min
−1

are represented 

graphically in Figure-10(a) and (b) respectively. 

 

TiO2 behaves as the absorber owing to its absorption in the UV-

Vis region. When ZTiO is irradiated with UV light, the large 

absorption gap of ZnO makes photoelectron–hole pairing 

difficult. Photogenerated electrons get transferred to ZnO’s 

conduction band thus reducing the likelihood for 

photogenerated electron–hole pair recombination. This increases 

the number of existing active species. ZnO takes the role of the 

co-catalyst which traps electrons preventing additional 

recombination and enables photoelectrons to effortlessly trap 

dissolved radicals. Photoinduced holes trap OH
-
to give

 
OH 

radicals which bring about dye degradation as shown in the 

mechanism
33

. 

 

ZnO/TiO2 + hν (< 390 nm) → ZnO/TiO2 (eCB
-
 + hVB

+
) 

hVB
+
 + Organic dye → Organic dye 

.+
 → oxidation of the 

organic dye 

hVB
+
+ H2O → H

+
 + HO 

.
 

hVB
+
+ OH

−
→ HO 

.
 

hVB
+
+ H2O → H

+
 + HO 

.
 

HO
.
 + Organic dye → degraded organic dye 

(where, h - hole, e- electron, VB- valence band and CB- 

conduction band) 

 

Evaluation of antibacterial activity: Table-3 summarises the 

antimicrobial activity of the synthesised nanoparticles in terms 

of zone of inhibition. The results indicate that the ZTiO samples 

synthesized using SDS as an additive showed maximum anti-

bacterial efficacy against all the microorganisms. 

 

The bio-activity of the mixed metal oxide NPs can becredited to 

the abrasive texture of the synthesized ZTiONPs’ surface which 

result in electrostatic forces binding ZTiO nanoparticles to the 

bacterial surface that eventually kills the bacteria
34

. Another 

reason could be the mechanical demolition of the bacterial cell 

membrane brought about by NP penetration. P. aeruginosa 

showed maximum resistance to the ZTiO nanoparticles as 

compared to the others. This could be attributed to the presence 

of a cytochrome oxidase in its cells accompanied by generation 

of extremely reactive species like OH
.
, H2O2, O2

2- 
on its 

surface
35,36

. Better results are observed with NPs synthesized in 

the presence of additives due to their smaller size and relatively 

greater surface area which triggers cytotoxicity towards the 

bacteria. 
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The zones of inhibition against the different bacteria are 

graphically represented in Figure-11. The graph shows that 

ZTiO nanoparticles synthesized in the presence of SDS show 

considerable increase in their antimicrobial ability compared to 

those synthesized in the absence of any surfactants. The role of 

the surfactant during the synthesis step to prevent agglomeration 

and give better dispersion of particles is evident from the 

improved antibacterial action. 

 

Evaluation of cytotoxic activity: The toxic effects of NPs on 

target cells are explained in two different ways: i. Chemical 

toxicity grounded on its chemical composition due to release of 

toxic ions, surface catalyzed reactions of NPs or ROS 

formation. ii. Stress due to the surface, size and/or morphology 

of the NPs
37

. 

 

Cytotoxicity induced by ZTiO nanoparticles synthesized using 

SDS as additive which showed appreciable results was tested by 

MTT assay on two cell lines-Cervical cancer cells HeLa and 

normal human embryonic kidney (Hek-293). The cytotoxic 

activity in the two cell lines used is as represented in Figure-13. 

The results disclose that synthesized ZTiONPs showed higher 

cytotoxic effect on Hek cells as compared to HeLa cells. IC50 

value of 107.05μg/mL for Hek cells and IC50 value of 132.6 

μg/mL for HeLa cells were calculated from Figure-12. 

Interestingly, molecules exhibited decreased toxicity in Hek-

293, the non-tumoral normal cell line. This invariably confirms 

that the molecules show increased toxicity towards the HeLa 

cancer cells. Literature reveals that NPs have the property of 

inducing cytotoxicity in a relatively cell specific manner which 

is also proliferation dependent. The cancer cells divide rapidly 

and are thus more susceptible in comparison to quiescent cells. 

Apoptosis in cancer cells can also be induced by nanoparticles. 

Apoptosis is characterized by the translocation of phospholipid 

phosphatidyl serine from within the plasma membrane to the 

cell’s surface
38

. However, the IC50 values of samples are 

comparatively higher than those reported for metal oxide 

nanoparticles
39

 which indicates that the lower cytotoxicity 

makes the electrochemically synthesized nanoparticles 

relatively less toxic and hence almost biocompatible. 

 

MTT results, as shown in Figure-13 prove that the cytotoxicity 

is dose and time dependent similar to that reported in the 

literature
40

. 

   

Table-3: Zone of Inhibition for different bacteria. 

 Standard Samples (Zone diameter in mm) 

Organism 
Streptomycin 

(10 mcg/disc) (mm) 

ZTiO no additive 

(mm) 

ZTiO+ SDS 

(mm) 

ZTiO+ PEG  

(mm) 

ZTiO + Cetrimide 

(mm) 

E. coli 20 6 14 10 10 

K. pneumoniae 12 6 14 10 10 

P. aeruginosa 26 6 6 6 6 

S. aureus 24 8 16 10 12 

 
Figure-11: Antibacterial activity of the ZnO-TiO2 NPs against E. coli, K. pneumoniae, P. aeruginosa, and S. aureus. 
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Figure-12: IC50 calculation for (a) HeLa and (b) Hek cell lines. 

 
Figure-13: Cytotoxicity of ZTiO nanoparticles synthesized using SDS as additive on the proliferation of HeLa cancer cells and 

HeK cells. 

 

Evaluation of antioxidant Activity: Antioxidant activity was 

analysed by assessing free radical scavenging activity (RSA) of 

the synthesized ZTiONPs and presented in Figure-14. The result 

reveals that RSA of the synthesized ZTiO was maximum for 

ZTiO particles synthesized in the presence of SDS as additive at 

the same concentration.  

 

The results disclose substantial RSA(p ≤ 0.05) in the ZTiO NPs 

from 0% up to 55.43% along with its IC50 value of 95.09μg mL
-

1
.Ascorbic acid was used as the positive control showing 75% 

inhibition at 50 μg mL
-1

. 

DPPH molecule possesses a π system in addition to an unpaired 

electron on nitrogen. Molar absorptivity increases with 

substitution in the aromatic ring that extends conjugation and 

shifting its absorption bands towards longer wavelength. It gives 

a peak at 517 nm which is due to n→ π* transition
41

. The DPPH 

solution which is deep violet progressively transitions to pale 

yellow in the presence of ZTiONPs due to free radical 

scavenging capacity. ZTiO shows a scavenging capacity of up 

to 70% in 90min. Antioxidant ability of ZTiONPs can be 

attributed to the transference of the electron density positioned 

on oxygen to nitrogen’s odd electron of DPPH
42

. 
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ZTiO nanoparticles were also studied for their free radical 

scavenging activity by reducing power assay using nitric oxide 

RSA as shown in Figure-15. NPs exhibited different levels of 

antioxidant capacity. ZTiO synthesized in the presence of 

different additives showed almost similar free radical 

scavenging activity, however, the best results were seen for 

those NPs synthesised in the presence of SDS. Many researchers 

have reported that antioxidant activity is closely related to the 

reducing power
43

. ZTiO NPs’ reducing power is probably due to 

the existence of reductions possessing the ability to block free 

radicals and prevent peroxide formation
44

. 

 

 
Figure-14: Free radical scavenging activity of ZTiO synthesized nanoparticles by DPPH method. 

 

 
Figure-15: Reducing Power of the synthesised ZTiO nanoparticles. 
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Conclusion 

An efficient photocatalyst ZTiO was found to be synthesized 

using SDS as an additive by the electrochemical-thermal 

method synthesized at 650

C. These mixed oxide nanoparticles 

could bring about the successful photocatalytic decomposition 

of MB and EBT. TiO2 behaves as the absorber of light energy 

and ZnO acts as its co-catalyst which reduces the electron–hole 

recombination. The mixed metal oxide can be reused 

effectively. Their effectiveness remains almost the same till 

three cycles and then decreases. These particles also show 

antimicrobial, antioxidant and cytotoxic properties which is 

revealed by the zone of inhibition, DPPH radical scavenging 

along with reducing power assay and IC50 values respectively. 

However, these nanoparticles are relatively biocompatible as 

revealed by their high IC50 values. Within the limits of the 

present study, the results suggest enhanced bioactivity and 

photocatalytic  behaviour of ZTiO nanoparticles prepared using 

SDS as an additive. Hence, this study has been successful in 

demonstrating a convenient and cost-effective technique via 

electrochemical-thermal path for synthesis of large quantity of 

ZTiO nanoparticles which could be employed conveniently as 

photocatalysts and as plausible solutions to various biological 

problems.  
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