
Contents lists available at ScienceDirect

Biochemistry and Biophysics Reports

journal homepage: www.elsevier.com/locate/bbrep

Biosynthesis of copper oxide nanoparticles using Enicostemma axillare (Lam.)
leaf extract
Suresh Chand Mali, Shani Raj, Rohini Trivedi∗

Department of Botany, Mohanlal Sukhadia University, Udaipur, 313001, Rajasthan, India

A R T I C L E I N F O

Keywords:
Enicostemma axillare
Green synthesis
Nanoparticles
Copper sulfate
Characterization

A B S T R A C T

In the present study copper oxide nanoparticles (CuONPs) were synthesized via simple and eco-friendly green
route using leaf extract of Enicostemma axillare (Lam.). Characterization of synthesized nanoparticles (NPs) was
undertaken. The characteristic absorption peak of CuONPs was in range 264nm in UV–Vis spectrum. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) studies revealed the morphological and
structural character of green NPs. The mean particle size was calculated to 30nm. Energy dispersive spectroscopy
(EDS) showed high intense metallic peak of copper (Cu), oxygen (O) and low intense peaks of carbon (C), sulfur
(S), phosphorus (P) elements due to the capping action of biomolecules of plant extract in CuONPs formation.
The X-ray diffraction (XRD) pattern showed distinctive peaks corresponding to (200), (211) and (310) planes
revealing the high crystalline nature of synthesized CuONPs with a primitive phase. Zeta potential and size
distribution of synthesized green NPs was concluded by Dynamic light scattering (DLS) studies.

1. Introduction

NPs can be metallic or nonmetallic of the size range of 1–100 nm.
NPs are attracting wide attention from varied disciplines of science due
to their immense application in diverse field. NPs of Ag, ZnO and CuO
are of prime importance due to their optical, electrical and thermo
stability with various functionalities [1]. Synthesis of nanoparticles is
by two technique namely top down and bottom up approaches [2].
These two approaches include three different methods of synthesis
namely: chemical, physical and biological. The physical methods fol-
lows on top down approach and rest of two relies on bottom up ap-
proaches [3]. The bottom-up approach includes chemical synthesis [4],
electrochemical synthesis [5], sonochemical synthesis [6,7], and polyol
reduction [8] of nanoparticles. The chemical mediated synthesis of
nanoparticles lead to toxicity to the environment due to the usage of
toxic chemicals [9]. The biological methods can be carried out by mi-
croorganisms (bacteria, fungi, actinomycete, yeast, and viruses)
[10–14] and plant mediated synthesis (plant extract from leaf, peel,
flower, fruit and root) [15–20]. The microorganism mediated synthesis
of nanoparticles is a tedious process and often leads to contaminants. To
overcome above mentioned drawback most of the researchers have
focused towards plant mediated synthesis of NPs which can be also
stated as green synthesis or eco-friendly synthesis. Enicostemma axillare
is a perennial herb belonging to family Gentianaceae and is

cosmopolitan in occurrence in India. The plant acts as a laxative, helps
in curing fever, obesity, rheumatism, snake bite, skin disease, abdom-
inal disorders and regulate blood sugar levels. The plant constituents
have been reported for possessing antioxidant [21], hypolipidaemic,
antiulcer [22], hypoglycemic [23], anti-inflammatory, hepatoprotec-
tive [24], and antimicrobial [25] properties. Different kind of active
compounds are found in this plant such as steroids, catechins, sapo-
genin, saponins, flavonoids, triterpenoids, xanthones [26] and different
amino acids like tryptophan, L-glutamic acid, serine, alanine, L-tyrosine,
iso leucine, aspartic acid, L-proline, phenyl alanine, methionine,
threonine, L-histidine monohydrochloride, L-arginine mono-
hydrochloride, L-Glycine, 2-amino butyric acid, DOPA, and valine [27].
These active compounds may play important role in reduction of copper
ions into copper nanoparticles. (see Table 1)

2. Materials and methods

2.1. Collection of plants

Leaf samples of plant Enicostemma axillare was collected from local
area around Udaipur region. Collected plant materials was authenti-
cated by University of Rajasthan; Jaipur, India (RUBL211634).The
leaves were washed thrice with tap water followed by double distilled
water to remove dust particles and shade dried for 1 h to remove
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moisture content.

2.2. Preparation of plant extract

Extract was prepared by mixing 10 gm of fresh leaves in 100ml
deionized water and boiled at 80 °C temperature for 30 min in water
bath. The extract was filtered with Whatman filter paper of retention
size 11μm (HiMedia, Mumbai, India) and cellulose nitrate membrane
by vacuum filtration unit. The filtrate was stored at 4 °C for further use.

3. Synthesis of copper oxide nanoparticles

The CuONPs was synthesized by dissemination of 50 ml of 5mM
copper sulfate (Sigma-Aldrich, St.Louis, USA.) with 5ml of the prepared
aqueous plant extracts in a 100 ml conical flask. The change in color
from reddish brown to viscous green at pH 7.0 indicated the formation
of CuONPs (as monitored by UV–Vis spectra of the solution (Fig. 1). The
viscous precipitate was centrifuged at 10,000 rpm for 10mins and wa-
shed 3–4 times with autoclaved deionized water. The transparent so-
lution was discarded and the viscous layer of CuONPs was collected.
The pellet was obtained after drying the viscous layer in the oven at 450

to 500 C for 24 h.

4. Characterization of synthesized CuONPs

Synthesized CuONPs primarily characterized by UV–Visible spec-
troscopy (ELICO SL-159 UV–Visible spectrophotometer). The
UV–Visible absorption spectrum was recorded using quartz cuvette
with deionized water as a reference. The spectrometric reading was
recorded at a scanning speed of 200 to 700 nm (Fig. 1). The mean
particle size, polydispersity index (PDI) and zeta potential of CuONPs
was measured using Malvern ZS-Nano analyzer (Malvern instrument
Inc., London U.K). The analysis was carried out at the parameters of
temperature of 25 °C. X-ray diffraction pattern of CuONPs was obtained
using a powder diffractometer (X-ray diffractometer Ultima IV, Rigaku,
Japan) with Kα radiation (λ= 1.54059 nm) in the 2θ range from 20o to
80o. Mean particle size concluded out by transmission electron micro-
scopy experiments in an FEI Tecnai G2 20 transmission electron mi-
croscope, operating at 200 kV, with a resolution point of 2.04 nm.
Scanning Electron Microscopy performed using JEOL SM-7600F, Japan
model to record morphological characters of synthesized nanoparticles.
Energy dispersive X-rays spectrometry was performed to analyze the
elemental constituent of the nanoparticle using Oxford-EDS system.

5. Results and discussion

5.1. UV–visible absorption spectra of CuONPs

The leaf extract of Enicostemma axillare was added to the aqueous
copper sulfate solution which changes color from reddish brown to dark
green indicating the formation of CuONPs (Fig. 1). Further character-
ization was performed using UV–Vis spectrophotometry, which showed
a distinct peak at 234nm similar to other studies on the green synthesis
of CuONPs using plant extract [28]. UV–Visible absorption spectrum
was performed between pH ranging from 7 to 11. The surface Plasmon
absorbance of copper colloids was obtained for all pH except at pH 10.

Fig. 1. UV–Visible absorption spectrum of CuONPs at different pH (a) plant extracts (b) CuSO4 solution (c) CuONPs (d) CuONPs powder.

Table 1
UV–Vis absorption spectrum of CuONPs at different pH
values.

pH values Wavelength (nm)

7 234
8 228
9 225
11 229
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The Plasmon resonance is clearly visible for pH-7 at 234nm.This
probably indicates very small particles at such low pH due to Surface
Plasmon Resonance excitation of CuONPs. UV–Vis absorption spectra
by different pH values mentioned in Table 1.

5.2. Morphological characterization of CuONPs

The morphological characterization of CuONPs was performed
using FE-SEM and TEM analysis.

5.2.1. FE-SEM and EDS analysis
FE-SEM showed the nanoparticles are agglomerated in some

amount due to sticky nature of the plant extract. The FE-SEM micro-
graphs shows average size of 30nm of CuONPs indicating well estab-
lished synthesized nanoparticles. The FE-SEM micrographs were taken
at 1μm (low resolution) and 100 nm (high resolution) as depicted in the
inset of (Fig. 2a-b). EDS analysis revealed the purity of synthesized
CuONPs. Oxygen with copper in EDS spectrum indicate the copper in
the form of oxide or dioxide. The weight compositions for copper (Cu)
and oxygen (O) were 25.14% and 56.06%, respectively. The atomic

compositions were then calculated as 7.51% and 66.50%, respectively
(Fig. 2c). Carbon, Sulfur, Calcium, Potassium and Phosphorus were
detected in small amount owing to interactions with extract during
bioprocessing.

5.2.2. TEM analysis
Crystalline nature of CuONPs was reported by TEM analysis which

is in agglomerated cluster structure as depicted in the (Fig. 3a-b). The
obtained CuONPs are quite uniform in size with average size of 6.44nm.
Fig. 3c Shows the size distribution of NPs.The TEM images revealed that
the small particle aggregates are coated with a thin organic layer, which
acts as a capping organic agent. Presence of intermittent dots in Se-
lected Area Electron Diffraction (SAED) on the concentric circles con-
firmed the crystalline nature of synthesized CuONPs as shown in the
Fig. 3d. This may well explain that the nanoparticles show a very good
dispersion inside the bio-reduced aqueous solution, even in the mac-
roscopic scale.

Fig. 2. SEM analysis of CuONPs (a & b) CuONPs micrograph (c) EDS spectrum.

S. Chand Mali, et al. Biochemistry and Biophysics Reports 20 (2019) 100699

3



5.3. XRD analysis

XRD pattern analysis revealed the crystalline nature of CuONPs as
shown in Fig. 4b. The XRD spectrum showed various small distinct
diffraction peaks at 37.46, 50.09 and 70.48. This represents (200),
(211) and (310) of primitive structure of copper oxide nanoparticles
respectively. XRD pattern of NPs was matched with a database of Joint
Committee on Powder Diffraction Standards (JCPDS Card No. 05–0667,
[31]). The mean grain size of CuONPs formed in the bioreduction
process was measured using the Debye-Scherrer formula D= kλ/βcosθ,
where D is the average crystalline size (Å), k is a constant 1, ‘λ’ is the
wavelength of X-ray source (0.1541nm), β is the angular line full width
at half maximum (FWHM) intensity in radians and ‘θ’ the Bragg’s angle
[29,30]. The XRD pattern showed the average particle size 22.95nm.

5.4. Zeta potential and size distribution measurements by dynamic light
scattering (DLS)

Nano size distribution studied using DLS analysis revealed the ne-
gative charge of about -19.5mV. Higher negative zeta potential denoted

the strong repulsion force between the particles indicating stability and
quality. DLS is one of the most commonly used techniques to determine
the size of nanoparticles. The size distribution ranged from 88 to
307nm. From the peak position, the Z-average diameter of synthesized
CuONPs was found to be 470nm. From the particle size analysis the
polydispersity index (PDI) was 0.782 (Fig. 4a).

6. Conclusion

In this article, CuONPs were successfully synthesized through green
process using Enicostemma axillare leaf extract. The green synthesized
CuONPs were characterized using various analytical techniques UV–Vis
spectroscopy, SEM, TEM, XRD and DLS studies. The novelty of the study
is that NPs were synthesized without any toxic reagent and expensive
technique. The phyto-chemical compound present in the leaf extract
helped in the formation of nanoparticles. SEM and XRD results showed
that the synthesized NPs are in nano scale in size.

Fig. 3. TEM micrograph (a–b) CuONPs with different magnification (c) Size distribution (d) SAED image.
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