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1 Introduction

The CuO Nanoparticles from Catharanthus Roseus leaf extract is an innovative idea
[1–4]. Although it has been conducted MnO2 NPs from Bryophillim pinnatum leaf
extract by our research group previously[5–10] It has been conducted the different
characterizations likeXRD,GC–MS, SEM, FESEM, FTIR, EDX,DSC,VSM, TGA,
etc. The CuO nanoparticles are stable, robust, and have a longer shelf life compared
to organic, antimicrobial agents [11–13]. There are a few strategies for the union
of CuO NPs, which incorporate sol–gel process, co-precipitation, sonochemical
method, hydrothermal techniques, non-aqueous synthesis, ultrasound irradiation,
micro-emulsion method, electrochemical and microwave irradiation synthetic route,
and so on[14–16]. Themain aim of our research work on CuONanoparticles (NPs) is
to use for electricity generation system by using electrochemical cell. TheCatharan-
thus Roseus leaf is also amedicinal leaf [17–21]. It has a great medicinal value. There
are some countries where it is used as a medicinal value. The biogenic amalgamation
includes the blend of NPs utilizing plants and microorganisms or their concentrates
[22, 23]. The microbial combination is a tedious and to some degree dangerous
strategy, since it includes the upkeep of microbial societies under advanced, septic
research center conditions. Developing a facile and green method for synthesizing
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CuONanoparticles (NPs) is of importance and still a challenge formaterials scientists
[24, 25]. The Catharanthus roseus leaves possess biomolecules such as terpenoid,
carotenoid, sterol, alcohol, and organic acid, which could be used as reducing agent
to react with Cu2+ ions as scaffolds to direct the formation of the CuO Nanoparticles
(NPs) in a solution that have been extensively explored for possible medical applica-
tions [26]. The CuO Nanoparticles (NPs) from Catharanthus roseus leaves provide
a particularly useful platform and demonstrate unique properties with potentially
wide-ranging therapeutic applications [27].

2 Methodology

CuONPs were synthesized via a facile green synthesis route where (Cu(CH3COO)2-
H2O) were used as a precursor and Catharanthus roseus leaf extract was used as a
source of reducing and capping agents. To synthesis CuO NPs, the Catharanthus
roseus leaf extract was added to an aqueous mixture of Cu2+ acetate at a 1:1 M ratio.
The chemical reactions for CuO NPs are given by the following:

Catharanthus roseus+H2O+Cu2+(aq) Stirring [Cathararanthus roseus/Cu2+]
[Cathararanthus roseus/Cu2+] [Cathararanthus roseus/CuO] ↓(s) + H2O (aq)

The method of Catharanthus Roseus leaf extract preparation for getting CuO
Nanoparticles (NPs) is shown in Fig. 1. From Fig. 1, it is found that the finished
product was Catharanthus Roseus leaf extract (C.R.L. extract).

The method of CuO Nanoparticles (NPs) preparation using Catharanthus Roseus
leaf extract is shown in Fig. 2. Finally, it is found (from Fig. 2) that the finished
product was CuO Nanoparticles (NPs) using Catharanthus Roseus leaf extract
(C.R.L. extract).

Fig. 1 Method of leaf extracts preparation
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0.3M(Cu(CH3COO)2-H2O) Added 200ml leaf extract     Solution dried at 80 oC       Grinding dried sample  

CuO NPs Grinding with Mortar Dried in oven at 100oC           Washing & centrifuging at 
4000 rpm about 15 times. 

Fig. 2 Methods for sample preparation of CuO NPs

3 Results and Discussion

Table 1 shows the amount inpercentage (%) of functional group of Catharanthus
roseus leaf extracts. It is found that the maximum functional group present in Catha-
ranthus roseus leaf extractwasAlcohol (42.64%) and theminimumfFunctional group
present in Catharanthus roseus leaf extract was Carotenoid (1.82%).

3.1 Structural Analysis Using XRD

It is shown (in Fig. 3) that the diffraction peaks of synthesized CuONPs are assigned
to the crystal planes of (110), (−111), (111); (−202), (020), (202); (−113), (−311),
and (220), respectively. The analyzed diffraction peaks were matched well with the
standard magnetite XRD patterns with JCPDS file no: 05-0661, which declared the
crystallographic system of the monoclinic structure.

Table 1 Functional group
present in Catharanthus
roseus leaf extracts

Functional group Amount (%)

Alcohol 42.64

sterol 23.03

Alkane 3.43

Ketone 10.14

Terpenoid 2.67

Carboxylic acid 2.43

Carotenoid 1.82
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Fig. 3 XRD patterns of
CuO Nanoparticles

3.2 Structural Parameter of CuO NPs

The structural parameter for different calcination temperatures at 400 °C, 500 °C, and
600 °C is shown in Table 2. The maximum crystallite size, D(nm) was 30.77 nm at
400 °C and the minimum crystallite size, D(nm) was 13.25 nm at 500 °C. The
maximum dislocation density, δ(line/nm2 × 10–3) was 5.70 at 500 °C and the
minimum dislocation density, δ(line/nm2 × 10–3) was 1.06 at 400 °C. The maximum
microstrain, 1(×10–3) was 1.34 at 500 °C and the minimum microstrain, 1(×10–3)
was 0.85 at 400 °C.

It is shown (in Fig. 4) that the average crystallite size decreases from 400 °C to
500 °C with increasing calcination temperature and then increases with temperature.
It is shown (in Fig. 5) that the dislocation density increaseswith increasing calcination
temperature up to 500 °C and then decreases with temperature.

Table 2 Structural parameter for different calcination temperatures

Temperature(°C) Crystallite Size, D(nm) Dislocation density,
δ(line/nm2 × 10–3)

Microstrain, 1(×10–3)

400 30.77 1.06 0.85

500 13.25 5.70 1.34

600 21.78 2.11 1.18
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Fig. 4 Calcination
temperature versus
crystallites size

Fig. 5 Calcination
temperature versus
Dislocation density (δ)

3.3 Williamson–Hall Method

Williamson–Hall X-ray line broadening analysis provides a method of finding an
average size of coherently diffracting domains and strain. Strain-induced peak broad-
ening arises due to crystal imperfection; and distortion, which had been calculated
using the relation :

ε = β

4tanθ
(1)
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Fig. 6 Slope of the plots provides the value of strain. The slope for 400’C, 500’C, and 600’C are
3.53 × 10–3, 2.24 × 10–3, and 3.23 × 10–3, respectively

To estimate microstrain from the X-ray diffraction pattern, Williamson and Hall
[9] proposed a modified Scherrer’s formula as follows:

βcosθ = kλ

D
+ 4εsinθ (2)

The equation represents the linear plot of βhklcosθ_ against 4 sinθ for the samples
calcined at (a) 400 °C, (b) 500 °C, and (c) 600 °C temperatures displayed in Fig. 6.
The slope of the plots provides the values of strain (ε) [9].

It is shown (in Fig. 6) that the plots provide the value of the strain, which varies
with temperatures. The value of the slope of the strain was 3.53 × 10–3, 2.24 ×
10–3, and 3.23 × 10–3 at 400’C, 500’C, and 600’C, respectively. It is found that
the maximum value of the slope of the strain was 3.53 × 10–3 at 400 °C and the
minimum value of the slope of the strain was 2.24 × 10–3 at 500 °C.

3.4 Surface Morphology Analysis: SEM and FESEM

The SEM images of CuONPs calcined at 400 °C and 500 °C are shown in Fig. 7a and
Fig. 7b. The SEM image shows that the samples are in the nano range. The FESEM

Fig. 7 Surface morphology analysis using SEM and FESEM
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image of CuONanoparticles (NPs) calcined at 600 °C is shown in Fig. 7c. The image
shows that the surface morphology of the Nanoparticles (NPs) is homogeneous and
almost spherical in shape.

3.5 Functional Group Analysis of Nanoparticles Using FTIR
Technique

Table 3 shows the functional group analysis of Nanoparticles (NPs) using the FTIR
technique. It is also found from Table 3 that the maximum peak position(cm−1) of
the functional group was 3460 for (-OH) and the minimum peak position(cm−1) of
the functional group was 515 for (Cu–O).

It is shown (in Fig. 8) that the stretching vibration of –OH functional group is at
thepPeak position of 3460 cm−1. Whereas, the antisymmetric stretching vibration of
–CH2– is in naphthalic or aliphatic at the peak position of 2925 cm−1. Again, it is
also shown that the stretching vibration of –OH functional group is in polyols at the

Table 3 Table for FTIR analysis of CuO NPs

Functional Group Peak Position(cm−1) Attribution

– OH 3460 Stretching vibration of –OH functional Group

– CH2– 2925 Antisymmetric stretching vibration of –CH2– in
naphthalic or aliphatic

– OH 1416 Stretching vibration of –OH in polyols

C–N 1050 Stretching vibration of C-N in amines

Cu–O 515 Stretching vibration of Cu–O bond

Fig. 8 FTIR analysis of
CuO NPs
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Table 4 Elemental analysis Elements Mass (%)

Copper (Cu) 40.36

Oxygen (O) 20.52

Carbon (C) 39.12

Fig. 9 Elemental analysis of CuO NPs calcined at 600 °C using EDX

peak position of 1416 cm−1, whereas, the stretching vibration of C-N is in amines at
the peak position of 1050 cm−1. Finally, it is shown that the stretching vibration of
Cu–O bond is at the peak position of 515 cm−1.

3.6 Elemental Analysis of CuO NPs

Table 4 shows the Elemental Analysis of CuO Nanoparticles (NPs). It is shown that
the mass (%) of Copper (Cu), Oxygen (O), and Carbon (C) are 40.36%, 20.52%, and
39.12%, respectively.

It can be seen that (from Fig. 9) no coercivity or remanence could be observed for
the sample, suggesting the diamagnetic properties of the magnetite nanoparticles.
This can be ascribed to the small size of nanoparticles which were smaller than the
diamagnetic critical size.

3.7 Elemental Analysis and Magnetization of CuO NPs

It is shown (in Fig. 10) that the saturation magnetization of the nanoparticles (NPs)
was 0.00125 emu/g.
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Fig. 10 Magnetization
measurement: VSM image
of CuO NPs

3.8 Thermal Analysis of Nanoparticles Using TGA

In the TGA plot (from Fig. 11), the total weight losses are observed 13.33% up to
1100 °C. The weight losses are observed 2.36% up to 700 °C and 10.81% up to
800–1000 °C flat line stabilizes the pure CuO NPs with no impurities.

Fig. 11 TGA plot of CuO
NPs calcined at 600 °C
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Fig. 12 DSC plot of CuO
NPs calcined at 600 °C

3.9 Thermal Analysis of Nanoparticles Using DSC

The DSC curve shows (from Fig. 12) a broad exothermic dip in between room
temperature and 500 °C. There is also a sharp dip observed at around 950 °C, which
might be due to crystallization and condensation to the anatase phase.

4 Conclusions

The XRD pattern of the average crystallite size was estimated for the synthesized
spherical monocyclic crystalline typed CuO NPs as 21.96 nm. NPs synthesized with
various calcination temperature also confirmed their crystallinity by XRD analysis
and it was found that all of them have pure crystal phase with a spherical monocyclic
crystalline structure,where the crystallites size of theNPs decreasedwith the increase
of calcination temperature 400 to 500 °C and crystallite size increases with 600 °C.
EDX spectra confirmed the presence of elemental components of the CuO NPs.
FTIR spectroscopy showed the involvement of biomolecules present in the extract
of Cathranthus roseus, which were verified in the synthesizing process of CuO NPs.
The formation of CuO NPs was confirmed due to the noticeable absorption peaks
at 520 cm−1. The FESEM image showed the high degree of crystallinity of the
synthesized CuO NPs in which surface morphology was found to be homogeneous
and almost spherical in shape with the presence of capping agents that stabilize the
CuO NPs. The thermal analyses were carried out using DSC and TGA techniques
in which the synthesized CuO NPs were responded with temperature. The magnetic
properties of prepared CuO NPs are examined by VSM which demonstrates that the
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synthesized CuO NPs showed slightly superparamagnetic characteristics with zero
corrosivity and remanence magnetization property.
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