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1. INTRODUCTION

Copper oxide (CuO) nanoparticles are gaining interest because of 
their wealthy advantages. CuO with variety of metal combinations 
was reported earlier. Among them, transition metals doped CuO are 
fascinating. In the line, Co-doped CuO nanoparticles were prepared 
with different ratios by various techniques such as sol-gel [1,2], 
microwave-assisted [3,4], solvothermal microwave irradiation [5], 
wet chemical [6], and co-precipitation [7,8]. Besides Co-doped CuO 
nanoparticles having advantages in an optical, magnetic, and electrical 
field, they have applications in the biological field [3,9] too. Moreover, 
hydrazine can bind with metals and acids to form complexes. The 
hydrazine complexes have been used as precursors for metal and 
mixed metal oxide nanoparticles [10-20]. In this chapter, we discussed 
the preparation of Co0.21Cu0.79O nanoparticles through co-precipitation 
followed by thermal decomposition technique from its hydrazine 
precursor. The structural, textural, optical, and magnetic properties of 
prepared Co0.21Cu0.79O nanoparticles are discussed in detail. Further, in 
this chapter, we discuss the in vitro biological activities of Co0.21Cu0.79O 
nanoparticles.

2. EXPERIMENTAL SECTION

2.1. Preparation of [Co0.21Cu0.79(Cre)2(N2H4)2],
Where Cre-Creatinate (H2NC(=NH)N(CH3)CH2COO -)2

The precursor [Co0.21Cu0.79(Cre)2(N2H4)2] was prepared by the addition 
of an aqueous solution (50 mL) of hydrazine hydrate (2.0 mL, 0.0399 mol) 
and creatine monohydrate (2.0 g, 0.0134 mol) to the corresponding 
aqueous solution (50 mL) of Cu(NO3)2.3H2O (0.79 g, 0.00326 mol) 

and Co(NO3)2.6H2O (0.21 g, 0.00072 mol) was added drop wise with 
constant stirring. A dark brown colored precipitate was formed in a few 
minutes. The obtained reaction mixture was kept aside for 1 h, and then 
filtered. The precipitate washed with water, ethanol followed by diethyl 
ether to remove adsorbed impurities and then dried at room temperature.

Yield: 4.1 g (81%)

Melting point: 216°C
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2.2. Synthesis of Co0.21Cu0.79O Nanoparticles
This method involves transferring of the dried cobalt doped copper 
creatinate hydrazinate ([Co0.21Cu0.79(Cre)2(N2H4)2]) inorganic 
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Abstract
We fabricated Co0.21Cu0.79O nanoparticles from co-precipitation followed by thermal decomposition of cobalt doped copper 
creatinate hydrazinate ([Co0.21Cu0.79(Cre)2(N2H4)2]) inorganic precursor. The inorganic precursor was characterized through 
energy dispersive X-ray spectroscopy (EDS), Inductively Coupled Plasma Atomic Emission Spectrophotometry (ICP-
AES), Fourier transform infrared (FT-IR), and thermogravimetry-differential thermal analyser analysis. To characterize the 
composition, structural phase, chemical state, morphological, and textural properties of fabricated Co0.21Cu0.79O nanoparticles 
techniques such as EDS, ICP-AES, X-ray diffraction, FT-IR, Raman, X-ray photoelectron spectroscopy, Scanning electron 
microscopy, transmission electron microscope, and Brunauer–Emmett–Teller were used. The in vitro antioxidant activity of 
Co0.21Cu0.79O nanoparticles was assessed by 2,2-diphenyl-1-picryl-hydrazyl-hydrate free radical assay. Furthermore, the in vitro 
cytotoxic activity of Co0.21Cu0.79O nanoparticles was evaluated against human embryonic kidney 293 and HeLa cell lines using 
3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium bromide assay.
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precursor to a silica crucible and calcined in a muffle furnace at 250˚C 
for 30 min resulting in the formation of fine black Co0.21Cu0.79O 
nanoparticles (as prepared). The heating source was then removed; the 
product was allowed to cool at room temperature and then stored in 
airtight containers.

0.21 0.79 2 3 2 2 2 4 2 2

0.21 0.79 2 2 2

[Co Cu (H NC(=NH)N(CH )CH COO) (N H ) ]+25O

250 C
Co Cu O+8CO +5N +12H O

∆ ↓ °

 (2)

3. CHARACTERIZATION TECHNIQUES

The hydrazine content in the precursor was determined by titration 
using KIO3 as titrant under Andrew’s conditions30. Elemental 
analysis was performed on an Elementar Vario EL III CHN analyzer 
at digestion temperature in the range of 950–1200°CC. The Fourier 
transform infrared (FT-IR) spectra of the solid sample were recorded 
on an FT-IR spectrophotometer (Shimadzu Prestige-21series) in 
the spectral range of 4000-400 cm−1 using KBr pellets. Differential 
scanning calorimetry (DSC) measurement of finely powdered sample 
was performed using a Mettler Toledo DSC 822e. DSC calorimeter at 
a heating rate of 20°C·min−1 in the temperature ranges at RT-700°C. 
Thermogravimetric (TGA) experiment was carried out using a Perkin 
Elmer, STA-6000, at a heating rate of 20 °C·min−1 in the temperature 
range RT-700°C. Platinum cups were used as sample holders and 
alumina as a reference. Inductively Coupled Plasma Atomic Emission 
Spectrophotometry (ICP-AES) of the solid sample was recorded by 
atomic emission spectrometer (Thermo Electron IRIS INTREPID 
II XSP DUO). X-ray diffraction (XRD) pattern of the oxide sample 
was recorded using Shimadzu XRD 6000 diffractometer at room 
temperature, with the mean Cuka radiation (λ = 1.5418 Å) at a voltage 
of 40.0 (kV) and a current of 30.0 (mA), between 10° (2θ) and 90°(2θ) 
with a sampling pitch of 1° in a continuous scan mode and a speed 
of 10°/min. Raman spectra were recorded using Bruker RFS 27 with 
laser source is Nd: YAG 1064 nm. X-ray photoelectron spectroscopy 
(XPS) measurement of a product was conducted using an Omicron 
ESCA probe spectrometer with monochromatized Al Ka X-rays 
(1486.6eV). The transmission electron microscope (TEM) micrograph 
of oxide sample was taken using Jeol/JEM 2100 electron microscope 
at an accelerating voltage of 200kV. Scanning electron microscopy 
(SEM) was performed with a Hitachi Model S-3000H by focusing on 
nanoparticles to study morphology. Brunauer-Emmett-Teller (BET) 
surface area was performed on Quantachrome autosorb automated gas 
sorption system. An optical analysis was performed with a UV-Vis 
spectrophotometer (Varian, Cary 5000, spectral range 175–800 nm). 
Photoluminescence (PL) characterization of the oxide sample was 
carried out by Fluromax-4 spectrometer in which Xenon is used as the 
source. The magnetic measurement of the oxide sample was performed 
at room temperature by a vibrating sample magnetometer (Lakeshore 
VSM 7410).

4. BIOLOGICAL ACTIVITIES

4.1. In Vitro 2,2-Diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
Scavenging Activity
The hydrogen donating ability of the sample was examined in the 
presence of DPPH stable radical [21]. In the present work, using some 
modification in the DPPH method [22], we assessed the antioxidant 
activity of nanoparticles. 1 mL of 0.3 mM DPPH methanol solution 
was added to 1 mL of different concentration the nanoparticles (10, 
20 40, 60, 80, and 100 μg/mL). The mixture was allowed for sonication 
to enhance the reaction between insoluble nanoparticles and the 
DDPH reagent and kept in the dark at room temperature for 30 min 

and centrifuged, the supernatant was collected and the absorbance 
values were measured at 517 nm. The methanol solution was used 
as a blank and DPPH solution (1 mL, 0.3mM) with 1mL methanol 
served as a negative control. Ascorbic acid was taken as a positive 
control. A control reaction was carried without the test sample. The 
mean values were obtained from the triplicate analysis. The percentage 
of inhibition was calculated by comparing the absorbance values of the 
control and test samples.

DDPH scavenging activity (%) = AC−Atest sample/AC × 100 (3)

Where AC was the absorbance of the control reaction and Atest sample was 
the absorbance in the presence of a test sample. For determining IC50 
(the number of samples required to scavenge 50% of DPPH), a similar 
procedure is adopted with 10, 20, 40, 60, 80, and 100 μg/mL of the 
nanoparticles and absorbance’s were recorded after 30 min.

4.2. In Vitro Assay for Cytotoxic Activity (3-[4,5-Dimethylthiazol-2-
yl]2,5-diphenyltetrazolium bromide[MTT] Assay)
The human embryonic kidney normal cell (HEK 293) and human 
cervical cancer cells (HeLa were obtained from National Centre for 
Cell Science, Pune and grown in Eagles Minimum Essential Medium 
containing 10% fetal bovine serum (FBS). The cell was maintained at 
37°C, 5% CO2, 95% air, and 100% relative humidity. Maintenance 
cultures were passaged weekly, and the culture medium was changed 
twice a week. The monolayer cells were detached with trypsin-
ethylenediaminetetraacetic acid to make single-cell suspensions and 
viable cells were counted using a hemocytometer and diluted with a 
medium containing 5% FBS to give a final density of 1 × 105 cells/ml. 
One hundred microliters per well of cell suspension were seeded into 
96-well plates at a plating density of 10,000 cells/well and incubated to 
allow for cell attachment at 37°C, 5% CO2, 95% air, and 100% relative 
humidity. After 24 h, the cells were treated with serial concentrations 
of the test samples (nanoparticles). They were initially dispersed in 
phosphate-buffered saline (PBS) by sonication and an aliquot of 
the sample solution was diluted to twice the desired final maximum 
test concentration with a serum-free medium. Additional four serial 
dilutions were made to provide a total of five sample concentrations. 
Aliquots of 100 μl of these different sample dilutions were added to the 
appropriate wells already containing 100 μl of the medium, resulting in 
the required final sample concentrations. Following sample addition, 
the plates were incubated for an additional 48 h at 37°C, 5% CO2, 
95% air, and 100% relative humidity. The medium containing without 
samples were served as control and triplicate were maintained for all 
concentrations.

4.2.1. MTT assay
MTT is a yellow water-soluble tetrazolium salt. A mitochondrial 
enzyme in living cells, succinate-dehydrogenase, cleaves the 
tetrazolium ring, converting the MTT to an insoluble purple formazan. 
Therefore, the amount of formazan produced is directly proportional to 
the number of viable cells.

After 48 h of incubation, 15 μl of MTT (5 mg/ml) in PBS was added to 
each well and incubated at 37vC for 4 h. The medium with MTT was 
then flicked off and the formed formazan crystals were solubilized in 
100 μl of DMSO and then measured the absorbance at 570 nm using 
a microplate reader. The % cell inhibition was determined using the 
following formula [23,24],

 % Cell inhibition = 100−Abssample/Abscontrol×100 (4)

A nonlinear regression graph was plotted between % Cell inhibition 
and Log concentration and IC50 was determined using GraphPad 
Prism software.
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4.3. Reactive Oxygen Species (ROS) Analysis
For quantitative ROS analysis, cells (1 × 105 per well) were seeded 
in black bottom 96-well culture plate and incubated for 24 h in a CO2 
incubator at 37°C. HEK 293 and HeLa cells were treated with different 
concentrations (6.25 μg/ml–100 μg/ml) of nanoparticles for 12 h. 
After exposure, the cells were incubated with DCFH-DA (10 mM) for 
30 min at 37°C. Fluorescence intensity was measured at excitation and 
emission wavelength of 485 and 528 nm, respectively. Values were 
expressed as the percentage of fluorescence intensity relative to the 
control wells [25].

5. RESULTS AND DISCUSSION

5.1. Characterization of the Precursor
5.1.1. Analytical data
The hydrazine content in the precursor was determined by titration 
using KIO3 as titrant under Andrew’s conditions [26]. The Energy 
Dispersive X-Ray Spectroscopy (EDS) spectra (Figure 1a) confirm 
the presence of the elements in the precursor. The absence of other 
elements ensures their purity. The percentage of elements C, H, N, and 
metals (Co and Cu) present in the inorganic precursor was analyzed 
using Elemental analysis (CHN) and ICP-AES techniques. The 
analytical data of the precursor are found to be in good agreement with 
the proposed composition of the [Co0.21Cu0.79(Cre)2(N2H4)2] inorganic 
precursor [Table 1].

5.1.2. FT-IR analysis
Investigation of FT-IR spectra of [Co0.21Cu0.79(Cre)2(N2H4)2] inorganic 
precursor (Figure 1b) shows the occurrence of N-H stretching 
frequency at 3302 cm−1. From the FT-IR spectra, the asymmetric 
and symmetric carbonyl stretching frequencies at 1613-1543 and 
1411-1320 cm−1 shown by this precursor with an average separation 
of (Δν = νasym- νsym) of in the range of 202–223 cm−1 suggests the 
unidentate coordination of carboxylate ions to the metal ions. Thus, 
the creatinate anion coordinates to the metal as the unidentate ligand 
in the precursor. The N-N stretching frequency appears in the region 

at 970 cm−1 attributes to the bridging bidentate nature of hydrazine 
moieties [27].

5.1.3. Thermogravimetry-differential thermal analyser 
(TG-DTA) analysis
From TG-DTA (Figure 1c), the inorganic precursor 
[Co0.21Cu0.79(Cre)2(N2H4)2] undergoes total weight loss in a single 
step. The total weight loss of about 80% on the TG curve indicates 
that the precursor undergoes simultaneous dehydrazination and 
decarboxylation in a single step observed in the temperature range 
180–300°C corresponding DTA peak show the sharp endotherm 
at 271°C to give fine powders of metal oxide as final residue. Thus, 
to analyze the products obtained from thermal decomposition of 
[Co0.21Cu0.79(Cre)2(N2H4)2] inorganic precursor by FT-IR, Raman, 
XRD and XPS analysis, this sample was heated up to 300°C in a muffle 
furnace in the air atmosphere for 30 min.

Figure 1: a. Energy dispersive X-ray spectroscopy spectrum, b. Fourier transform infrared spectrum and c. Thermogravimetry-
differential thermal analyser of [Co0.21Cu0.79(Cre)2(N2H4)2] precursor.

c

ba

Table 1: Analytical data of the [Co0.21Cu0.79(Cre)2(N2H4)2] 
precursor

Analysis [Co0.21Cu0.79(Cre)2(N2H4)2] 
1 Color Brown Observed Calcuated
2 Hydrazine (%) 15.13 15.15
3 Elemental

Analysis (%)

C

H

N

22.66

5.18

33.07

22.69

5.20

33.09
4 Metal (%)

(ICP-AES)

Co

Cu

2.85

11.84

2.92

11.86
5 Molecular mass (g) 422.9972
Inductively Coupled Plasma Atomic Emission Spectrophotometry
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5.2. Characterization of Co0.21Cu0.79O Nanoparticles

5.2.1. Elemental composition analysis
The presence of elements such as Co, Cu, and O in Co0.21Cu0.79O 
nanoparticles has been analysed by EDS (Figure 2a) and their 
compositions have been identified using ICP-AES analysis. From 
these findings, no contamination element was detected [Table 2].

5.2.2. Structural analysis by X-ray diffraction
Figure 2b shows, the powder X-ray diffraction pattern of Co0.21Cu0.79O 
nanoparticles recorded at room temperature. In XRD pattern, 
Co0.21Cu0.79O nanoparticles show the diffraction peaks correspond to 
(1 1 0), (−1 1 1), (1 1 1), (−2 0 2), (0 2 0), (2 0 2), (−1 1 3), (−3 1 1), 

(2 2 0), (3 1 1), and (−2 2 2) crystal planes of monoclinic CuO having 
C2/c space group (JCPDS card no 80–1916). Using the Unit cell 
program [5,28], in this work, we calculated the lattice parameters 
(a = 4.6919, b=3.4219, c=5.1358, and V = 81.3350) of Co0.21Cu0.79O 
nanoparticles. Using the Debye-Scherrer formula, D = Kλ/βcosθ, 
where θ is Bragg diffraction angle, K is Blank’s constant, λ is the 
wavelength of X-ray radiation (1.54), and λ is the full width at half 
maximum (FWHM) of the peaks at the diffracting angle θ, the average 
crystallite size calculated was about 14.61 nm.

To estimate the effect of crystallite size (D) and strain (ε), we used 
a well-known Williamson-Hall (W-H) method which is given by the 
following relation, βcosθ= (Kλ/D) + 4εsinθ. The inset in Figure 2c 

Figure 2: a. Energy dispersive X-ray spectroscopy, b. X-ray diffraction pattern and c. W-H plot of Co0.21Cu0.79O nanoparticles.
c

ba

Figure 3: a. Fourier transform infrared and b. Raman spectra of Co0.21Cu0.79O nanoparticles.
ba

Table 2: ICP-AES data of Co0.21Cu0.79O nanoparticles

S.No Sample ICP-AES Analysis Molecular mass (g)
Co% Cu%

Observed Calculated Observed Calculated
1 Co0.21Cu0.79O 15.72 15.75 63.83 63.88 78.5762
Inductively Coupled Plasma Atomic Emission Spectrophotometry
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shows the W-H plot of βcosθ versus 4sinθ. The intercept and slope 
of a linear fit in the W-H plot give the inverse of crystallite size 
and slope [29]. The negative slope of the linear fit in the W-H plot 
shows a compressive strain present in Co0.21Cu0.79O and therefore 
the particle size obtained by Debye Scherrer (14.61 nm) formula 
is higher than that of the W-H plot (9.96 nm) for Co0.21Cu0.79O 
nanoparticles indicating that the strain existing in the nanoparticles 
[29]. The dislocation density (δ) of Co0.21Cu0.79O nanoparticles about 
0.06402 was estimated using the formula, δ= 1/D2 here D is the 
crystallite size for interpreting the defects in the nanoparticles [30]. 
The estimated dislocation density of Co0.21Cu0.79O nanoparticles 
confirms the presence of defects.

5.2.3. FT-IR and Raman analysis
FT-IR spectra of Co0.21Cu0.79O nanoparticles (Figure 3a) depict the 
presence of three distinctive vibrational modes. The band that appeared 
at 450 cm−1 is associated with Au mode. The two characteristic bands 
in the range of 498 cm−1 and 548 cm−1 are related to two Bu modes. 
These three distinctive bands are attributed to the metal-oxygen 
(Cu-O) vibration, which confirms the monoclinic phase of CuO in 
Co0.21Cu0.79O nanoparticles [31]. The Raman spectra of Co0.21Cu0.79O 
nanoparticles are displayed in Figure 3b. This spectrum portrays 

the presence of three well-known peaks at 281 cm−1 (Ag), 332 cm−1 

(Bg), and 612 cm−1 (Bg), respectively, which are corresponds to the 
monoclinic phase of CuO as displayed in earlier reports [32]. Thus, 
the above results obtained from Raman spectroscopy are in good 
agreement with our previously reported results from FT-IR and XRD 
techniques, respectively.

5.2.4. XPS analysis
The survey spectra of Co0.21Cu0.79O (Figure 4a) show the absence of 
impurities except for Co2p, Cu2p, O1s, and C1s. In Figure 4b, Co2p 
spectra exhibit two peaks at 780.90 and 796.36 eV are assigned to 
Co2p3/2 and Co2p1/2. The satellite peaks (788.42 and 803.32 eV) at 
higher binding energies are specifically connected with the +2 ionic 
state of Co. The peaks (Figure 4c) positioned at 934.08 and 954.46 eV 
are attributed to Cu2p3/2 and Cu2p1/2. The satellite peaks were observed 
at 943.26 and 962.60 eV, respectively, which confirms Cu2+ ions. The 
O1s core level spectra (Figure 4d) of Co0.21Cu0.79O nanoparticles have 
two peaks. The peak located at 530.20 eV is assigned to the metal-
oxygen bond, and the peak at 531.26 eV is attributed to oxygen defect/
vacancies [33,34].

5.2.5. SEM and TEM analysis
SEM picture in Figure 5a shows the agglomeration of particles. 
TEM micrograph of Co0.21Cu0.79O nanoparticles (Figure 5b) portrays 
spherical shape nanoparticles with the presence of agglomeration with 
the average particle size of 6–15 nm and proves good consistency 
between TEM and XRD results.

5.2.6. Textural analysis
The N2 adsorption and desorption measurement was performed to 
determine the surface area of Co0.21Cu0.79O nanoparticles. Figure 6a 
shows N2 at 77 K adsorption and desorption isotherm which 
corresponds to Type IV isotherm and H3 hysteresis loop is in the range 
of (0.4–1.0) P/Po revealed the nature of Co0.21Cu0.79O nanoparticles is 
mesoporous. The specific surface area for nanoparticles was calculated 
using the multi-point BET equation, which was 34.581 m2/g. The 

Figure 4: X-ray photoelectron spectroscopy spectra of Co0.21Cu0.79O nanoparticles - a. wide scan, b. Co2p, c. Cu2p and d. O1s.
dc

ba

Figure 5: a. Scanning electron microscopy and b. Transmission 
electron microscope images of Co0.21Cu0.79O nanoparticles.

ba
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pore size distribution curve of nanoparticles has been drawn using the 
Barrett-Joyner-Halenda (BJH) method and shown in Figure 6b. From 
the BJH method, we can see that the pore volume was 0.051cm3/g. 
Furthermore, the average pore diameter of Co0.21Cu0.79O nanoparticles 
about 3.95 nm was estimated using the relation Dp = 4VBJH/SBJH, 

where VBJH = pore volume (cm3/g) and SBJH = surface area of pores 
(m2/g) [35].

5.2.7. Optical properties
Figure 7a and b show that the absorption and reflectance behavior 
of Co0.21Cu0.79O nanoparticles were measured with a UV-Vis-NIR 

Figure 6: a. N2 adsorption-desorption isotherm and b. BJH Pore Size Distribution (PSD) of Co0.21Cu0.79O nanoparticles.
ba

Figure 7: a. Absorbance and b. Reflectance, c. Direct band gap and d. Indirect band gap of Co0.21Cu0.79O nanoparticles. e. PL spectra 
of Co0.21Cu0.79O nanoparticles.

dc

ba

e
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and UV-DRS spectrophotometer. It can be seen that nanoparticles 
exhibit maximum absorption at 650 nm. To calculate the direct and 

indirect band gap values for nanoparticles from the reflectance 
spectrum (Figure 7b), we used the tauc’s relation, F(R)hν = A(hν-Eg)
n, Where F(R) is the Kubelka Munk function which is proportional to 
the absorbance coefficient (a) and calculated using the relation F(R) 
= (1-R)2/2R, Where A is constant, hν is photon energy, and the co-
efficient n is either 2 for direct transition or ½ (0.5) for an indirect 
transition [36-38]. The tauc’s plot of direct band variation of (F(R)
hν)2 and indirect band variation of (F(R)hν)1/2 against photon energy 
(eV) for Co0.21Cu0.79O nanoparticles are shown in Figure 7c and d. 
The direct (Eg) and indirect band gap energy (Eg) were obtained by 
extrapolating the linear portion of the plot to the photon energy hν 
axis. The calculated direct and indirect band and gaps for Co0.21Cu0.79O 
nanoparticles are 1.04 eV and 0.85 eV, respectively.

5.2.8. PL analysis
The PL spectra give direct information about the defect present in 
the materials. The room temperature PL spectra of Co0.21Cu0.79O 
nanoparticles (excited at 650 nm) are shown in Figure 7e. The red 
emission band of the luminescent peak at 690 nm arose due to the 
presence of defects [39].

5.2.9. Magnetic studies
Figure 8 portrays the magnetic hysteresis (M-H) loop of Co0.21Cu0.79O 
nanoparticles taken at room temperature with an applied magnetic 

Figure 8: Magnetization (m) vs. applied field (h) plot of 
Co0.21Cu0.79O nanoparticles.

Figure 9: a. In vitro antioxidant activity (DPPH scavenging) of Co0.21Cu0.79O nanoparticles. b. Effect of Co0.21Cu0.79O nanoparticles 
on the viability of HEK 293 and HeLa cell lines, c. and d. the nonlinear regression plot between % Cell inhibition and Log10 
concentration of Co0.21Cu0.79O nanoparticles against HEK 293 (normal) and HeLa (cancer) cells and e. ROS generation of 
Co0.21Cu0.79O nanoparticles against HEK 293 (normal) and HeLa (cancer) cells.

d

cb

a

e
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field in the range of ±15,000 Oe. The magnetic parameters such 
as saturation magnetization (Ms-0.5946 emu.g−1), retentivity 
magnetization (Mr-0.1860emu.g−1), coercivity (Hc-210.99 Oe), and 
squareness (Mr/Ms-0.3128) were observed. From the above results, 
the observed low values for magnetic parameters such as Ms, Hc, 
Mr, and Mr/Ms reveal the occurrence of weak ferromagnetism in 
Co0.21Cu0.79O nanoparticles. Furthermore, other parameters like the 
anisotropy constant (Ka) value of about 128.0149 can be calculated 
using Ka=Hc*Ms/0.98 and the magnetic moment (μm) of about 0.0083 
can be calculated using μm = Ms*Mw/5585 where Mw is the molecular 
weight.

5.3. Biological Applications
5.3.1. In vitro antioxidant activity (DPPH assay) of nanoparticles
Figure 9a displays, the DPPH free-radical scavenging ability of 
Co0.21Cu0.79O nanoparticles with ascorbic acid as standard. The 
percentage of antioxidant activity of nanoparticles was assessed 
by DPPH free-radical assay in a dose-dependent manner, as 
the concentration of Co0.21Cu0.79O nanoparticles increases, the 
DPPH scavenging activity also increased (Figure 9). However, on 
comparing the DPPH scavenging activity with standard ascorbic 
acid, the Co0.21Cu0.79O nanoparticles exhibit moderate scavenging 
activity. Furthermore, the calculated IC50 value for Co0.21Cu0.79O 
nanoparticles (52.86 μg/ml) was higher than standard ascorbic 
acid (22.06 μg/ml) [40]. This result suggests that the Co0.21Cu0.79O 
nanoparticles have a moderate potential that can be used in cytotoxicity 
and hence in medical treatment.

5.3.2. In vitro cytotoxicity assay and ROS generation of 
Co0.21Cu0.79O nanoparticles
The cytotoxicity of the Co0.21Cu0.79O nanoparticles has been 
investigated against HEK 293 and HeLa cell lines via MTT assay. 
HeLa and HEK 293 cell inhibited were evaluated after 48 h exposure 
to nanoparticles of various concentrations ranging from 6.25 μg/ml 
to 100 μg/ml. Controlled samples, that is, untreated samples are 
also provided for comparison. It has been observed from Figure 9b, 
the % cell viability of the nanoparticles toward cancer and normal 
cell lines. Figure 9c and d show the non-linear regression graph 
plotted between % Cell inhibition and Log concentration. IC50 
was determined using Graph Pad Prism software. Furthermore, the 
as-synthesized nanoparticles have inhibited the normal and cancer 
cell viability of about 51% and 100% at 100μg/ml concentration. 
Thus, Co0.21Cu0.79O nanoparticles induced cytotoxicity on HEK 
293 and HeLa cell were found to be increasing with an increase 
in concentration from 6.25 μg/ml to 100 μg/ml. Furthermore, 
Figure 9b proves that the Co0.21Cu0.79O nanoparticles exhibited less 
cytotoxicity against normal cell than cancer cells. The IC50 values 
of nanoparticles against HEK 293 and HeLa cells were found to be 
156.3 μg/ml and 70.82 μg/ml, respectively, after 48 h of exposure. 
This behavior of Co0.21Cu0.79O nanoparticles reveals their dosage-
dependent manner. As mentioned in earlier reports, ROS generation 
plays an important role in the cytotoxicity mechanism. To confirm 
whether the dose-dependent cytotoxicity of the synthesized 
Co0.21Cu0.79O nanoparticles may be attributed to the ROS production 
or not, a ROS generation study was performed. In this study, we 
have experimentally investigated the ROS generation caused by 
nanoparticles both in normal and cancer cells. Figure 9e depicts 
a high level of ROS generation in the case of cancerous cells as 
compared with normal cells which are also observed to increase 
with the increase in concentration. It is confirmed that the dose-
dependent cytotoxicity of synthesized nanoparticles is due to ROS 
generation. Hence, more work needs to be done in this regard and 
we are working on it.

6. CONCLUSION

At last, we have successfully synthesized Co0.21Cu0.79O nanoparticles 
using the co-precipitation method followed by thermal decomposition 
of the hydrazine precursor to examining its structural, chemical 
state, textural, optical, and magnetic properties. XRD pattern of 
Co0.21Cu0.79O nanoparticles was indexed to a monoclinic structure 
which coincides with IR and Raman results. XPS study confirmed the 
oxidation state of metals in Co0.21Cu0.79O nanoparticles. The band gap 
of as-synthesized nanoparticles has been determined using tauc’s plot. 
PL, XRD, and magnetic studies confirmed the presence of defects. 
Room temperature ferromagnetism was observed. Furthermore, 
Co0.21Cu0.79O nanoparticles possessed moderate antioxidant potential 
and dose-dependent cytotoxicity against normal and cancerous 
cells. These findings may open new insight into cancer therapy by 
nanomedicines in near future. Hence, a great amount of work is still 
needed to do in this regard.
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