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Abstract

This article describes the synthesis of CuO nanoparticles through a two different synthesis routes, namely a chemical co-precipitation and
green synthesis route using Carica papaya leaf extract and their optical properties. The samples were investigated for their structural and
optical properties through X-ray diffraction, scanning electron microscopy, Fourier transfer infrared, UV absorption, photoluminescence
and time resolved spectroscopy. The XRD spectra of both samples demonstrate the CuO crystallizes in a monoclinic phase with particle
sizes ranging from 20-25 nm. SEM pictures of samples showed the highly agglomerated and spherical particles are formed. The peaks in
FTIR spectra are located between 600-1000 cm, confirming the formation of CuO phase. The observed shift in UV absorption edge and
PL peak of both samples is the result of size quantization and various surface defects. The carrier life time study of both samples revealed
the recombination rate of exciton depend on particle size and surface defects. The results of this study indicates CuO is an alternative
material for solar cell and optoelectronic devices.
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Introduction

In recent years, metal oxide (CuO, NiO, ZnO, SnO, and
TiOy) nanoparticles have gained a main research focus due
to their remarkable properties and diversified applications
[1-3]. Among these, copper oxide presents in two phases;
CuO (Cupric Oxide) and Cu,0 (Cuprous oxide). CuO has a
narrow band gap range of 1.2-1.55 eV and Cu,O having a
band gap of 2.1eV [4-5]. Among these two forms, CuO is a
prospective material for photovoltaic devices because of its
high absorbance coefficient and narrow band gap [6]. It also
has a various applications like gas sensors [7], catalyst [8]
lithium-ion batteries [9], magnetic storage devices [10] and
high temperature superconductor [11]. The optical
properties of CuO nanoparticles not only changes with size,
capping agent, calcination temperature and solvents but also
sensitive to the precursor used and synthesis route. The
synthesis technique could effect on optical properties of

CuO nanostructures because of its different oxidation states
(CuO, Cuz0, Cuz03) and size/shape [12]. Although there is
a numerous article on the synthesis and optical properties
but a lack of attention paid to photo-physical performance
of green synthesized CuO nanoparticles using Carica
papaya leaf extract.

Due to the advancement of nanotechnology, there are now
a variety of synthesis routes available to synthesize
nanoparticles, including sol-gel [13], hydrothermal [14],
chemical co-precipitation [15], solution combustion [16],
solid state method [17] and green synthesis route [18-19].
Among them, green synthesis route is an important and
cost-effective method as compared to the above-mentioned
methods. Moreover, it is an eco-friendly. There are some
disadvantages of chemical synthesis routes including that of
hazardous starting materials and generation of toxic by-
products [20]. Therefore, researchers are motivated to
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synthesize nanoparticles through a green synthesis
processes using various plant extract. Chan et al [21] have
developed the CuO nanostructures via green synthesis route
using Garcinia mangostana L. leaf extract. They noticed the
redshift of absorption edge with an increasing calcination
temperature due to the aggregation and the growth of
particles. Using copper acetate as copper source and
Caloropis procera leaf extract, Reddy et. al. [22] fabricated
the CuO nanoparticles through green synthesis route. They
found the band gap to be 2.35 eV. Gunalan and his group
[23] have synthesized CuO nanoparticles through a
chemical and biological route using Aloe Vera leaf extract.
In their absorption study, they noticed the peaks around at
265 nm and 285 nm due to the surface plasmon resonance
and noticed the PL peak around at 600 hm due to the singly
ionized oxygen vacancies. Sackey and co-workers [24]
have reported the biosynthesis of CuO nanoparticles by
employing aqueous extract of Mimosa hamate. They found
the band gap around 1.5 eV from diffuse reflectance spectra
analysis and antibacterial activities were also studied. A
biogenic synthesis of rice shaped CuO nanoparticles via
aqueous extract of Caesalpinia bonducella seed was
reported by Sukumar et. al. [25]. They noticed peak at 250
nm in UV absorption spectra due to the surface plasmon
resonance and broad peak from 320 nm-600 nm due to the
non-oxidized Cu ions. Very recently, bio-synthesis of CuO
nanoparticles using white garland Lily Leave extract was
reported by Nagore et. al. [26]. They noticed the absorption
edge at 300 nm due to the recombination of exciton and the
green-yellow emission at 590 nm. In all of these studies, the
CuO have been synthesized by green synthesis route and the
optical properties was altered as a result of particle
aggregation, singly ionized oxygen vacancies, and non-
oxidized Cu ions. The improved optical properties of CuO,
making it a unique material for number of scientific and
technological applications. A few studies on optical
properties of green synthesized CuO nanoparticles have
been reported in literature, however optical properties
including carrier life time measurement of green
synthesized CuO nanoparticles using Carica papaya leaf
extract have not been thoroughly explored. Furthermore, no
studies have been published on comparing optical
properties of chemically and green synthesized CuO
nanoparticles. In addition, Papaya (Carica papaya L) is one
of the most important medicinal plant and its different parts
such as leaves, roots, fruit, flowers, and seeds are used for
the treatment to varieties of diseases namely few; diabetes,
cancer, heart stroke, blood pressure and many other. They
contain the various constituents, including vitamins B, C
and E and rich in minerals (Fe, Na and Ca), antioxidants and
fibres. Moreover, it is a good as reducing and stabilizing
agent. Therefore, in this work we report the chemical and
green synthesis of CuO nanoparticles using Carica papaya
leaf extract and chemical co-precipitation method using
CuS0..5H,0 as a copper source and the structural and

optical properties are investigated.
Materials and Method

SD fine chemicals Pvt Ltd supplied Copper sulphate
pentahydrate (CuSQ4.5H;0), Sodium hydroxide (NaOH)
pellets, Ethanol (HPLC grade) and Papaya (Carica papaya
L) leaf extract.

NaOH solution

Pa;)aya l:eaf L;;Ojil];o
Extract

solution

Papaya leaves

- ; Black colour
Drying in hot air precipitate
oven at 90°C

CuO nanoparticles

Figure 1: Flow diagram of green synthesis of CuO
nanoparticles.

Chemical synthesis of CuO nanoparticles

In chemical synthesis of CuO nano powder, the preparation
of CuS04.5H,0 (2.496 gm) and NaOH (0.8 gm) solutions
were prepared in 50 ml and 20 ml of de-ionized water,
respectively. Then, the addition of prepared NaOH solution
drop-by drop to CuS04.5H-0 solution. During reaction, the
black color Cu(OH); precipitate was formed. The black-
colored precipitate was filtered and washed thoroughly for
3-4 times using ethanol and de-ionized water to purify the
product. Then, the powder was heated at 90 °C in hot air
oven before being calcined at 500 °C in muffle furnace for
two hours.

Preparation of papaya leaf extract

Carica papaya leaves were collected from local garden of
Gulbarga University, Kalaburagi. India. The collected
papaya leaves (20 gm) were washed 3-4 times with de-
ionized water to eliminate dust particles. Using domestic
mixture, the cleaned papaya leaves were grinded and heated
in 100 ml of deionized water for two hours. After two hours
of heating, the pale yellow colour solution was found and
filtered using Whatman paper. Thereafter, the leaf extract
was stored in 5 °C till use for next synthesis.
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Green synthesis of CuO nanoparticles

In procedure of green synthesis, the solution of
CuS0..5H,0 was prepared in 50 ml of de-ionized water and
treated with 20 ml of prepared papaya leaf extract and
stirred for an hour. pH of the mixture solution was
maintained 7 by adding 0.1M NaOH solution and a black
colored precipitate was appeared. The resulted precipitate
was washed repeatedly using ethanol and de-ionized water
to purify the product. At last, the sample was calcined at 500
°C for two hours in muffle furnace. The flow diagram for
green synthesis of CuO nanoparticles is shown in figure 1.
Here, we indicated the chemically synthesized sample as S:
and the green synthesized sample as S..

Characterization methods

To collect XRD data of samples, Smart Lab SE, Rigaku X-
ray diffractometer with CuKo radiation of wavelength
(0.15406 nm) was used. Surface morphology and size
distribution of samples were analyzed through MIRA3
LMH TESCAN scanning electron microscopy. Nicolet-
6900, FTIR spectrophotometer was utilized to confirm the
formation of CuO nanoparticles. UV absorption
measurement of samples were carried out by JASCO, V-
670 UV-Vis absorption spectrophotometer. Fluorescence
emission spectra were recorded using Hitachi, F-7100
spectrophotometer and Chronos BH, ISS
spectrofluorometer was used to record the carrier lifetime of
samples.

Results and discussion
XRD analysis

In figure 2 (a-b) we depict the X-ray diffraction pattern of
sample S; and S, respectively. In the XRD pattern of both
samples, all XRD peaks confirm the formation of
monoclinic CuO phase and well coincides with JCPDS No-
45-0937 [27-28]. The peaks at 20 are 32.58°, 35.58°,
38.70°, 48.79°, 53.55°, 58.48°, 61.55°, 66.39°, 68.12°,
72.46°, 75.29° corresponding to planes (110), (002), (111),
(-202), (020), (202), (-113), (022), (220), (-312) and (004)
respectively. The sharp and narrow peaks of sample S;
indicates high crystallinity and larger particle size as
compared to sample S;. No any characteristics peaks of
Cu(OH)2 and Cu,0 were observed, indicating the sample Sz
is crystalize in pure CuO with monoclinic phase. Some extra
peaks were appeared in XRD spectrum of sample S, (Fig.
b), which indicates the left overs of some minerals, vitamins
and fibres of papaya leaf extract (indicated by asterisk). The
particle size of samples was determined by adopting
Scherrer formula and is given by [29]

_ K2
- BCos6

(1)

here D: particle size, p: FWHM of peak, A: X-ray
wavelength and 0 being the glancing angle. The particle size
S1 sample is found to be 23.65 nm and that of sample S; is
16.37 nm.

For monoclinic structure, a #b # ¢, a =y =90° and § > 90°,
the lattice parameters were calculated by following
expression [30-31].

h2\ (12 2hl
= |+=)- (—)6059 2
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Where dn : interplanar spacing. h, k and I: miller indices.
The dislocation density was evaluated by equation (3)

Where 6 : dislocation density. The micro strain in lattice is
caused by the presence of lattice imperfection and is
calculated by [32]

g=—L 4)

" 4tané

The usual meaning of term € and P are the micro-strain and
FWHM of peak, respectively. The values of estimated
parameters are tabulated in table 1. It is noticed the
difference in particle size and surface imperfections causes
a change in the values of micro strain, dislocation density,
and lattice parameters with different synthesis processes.
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Figure 2: XRD spectrum of (a) S; and (b) S, sample.
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Table 1: Estimated value of particle size, micro strain, dislocation density and lattice parameters of both samples.

Sample Crystallite  Dislocation density Microstrain Lattice parameter (A)
Name Size (nm) (Lines/m?) X 10%° (g) X 103
a b c
S1 23.65 1.78 2.8 4.6893 3.4691 5.1327
S2 16.37 3.73 5.1 4.6842 3.4237 5.1153
Morphological study 100 4
In figure 3(a-b) we show the morphological analysis of S; a0 - -
and S, sample, respectively. SEM image (a) shows the = %
formation of highly agglomerated and spherical shaped 8O ~
particles are formed. The formation of irregular and - :E_
agglomeration of particles were noticed from image (b), @ 70 E L
which indicates the change in reaction rate with various = 60 &
constituents of papaya leaf extract and remains of minerals E i
of papaya leaf extract in the sample after washing. '§1 0o
1004
=
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=2
BO
70
50
b
50 .[ )

Figure 3: SEM images of (a) S1 and (b) Sz samples

Fourier Transform Infrared (FTIR) analysis

Figure 4 (a-b) shows the FTIR result of sample S; and S..
In FTIR spectrum of sample S; (Fig. a), the peak at 517 cm-
! is assigned to the Cu-O mode of monoclinic phase [33-
34]. The peak noticed at 1094 cm™ due to the triply
degenerative SO,? vibration modes [35]. The band
observed at 1384 cm™ due to the vibration OH modes linked
with copper atom [36]. The peaks at 1638 cm™ and 3431
cm are attributed to the —OH stretching/ bending vibration
modes of adsorbed atmospheric moisture on surface of
nanoparticles [37-38]. From FTIR spectrum of sample S;
(Fig. b), the peaks noticed at 518 cm™ and 610 cm™ are
corresponding to Cu-O vibration modes [39-40]. The peaks
noticed around at 885 cm, 1115 cm™ and 2924 cm™ are
due to the vibration modes of various constituents of papaya
leaf extract absorbed on particle surface [41-42]. The peak
centered at 3483 cm due to the vibration of hydroxyl group
of water molecules [43].

T T T T T T T T T T T T T
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-1
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Figure 4 (a-b): FTIR spectra of sample S; and Sa.
UV-Visible absorption measurements

Figure 5(a-b) depict the UV-Vis absorption curve of sample
S1 and Sy, respectively. The absorption onset for the S;
sample is noticed at 299 nm and that of sample S2 at 287
nm due to the direct charge transition from valence band to
conduction band (0% to Cu?* ion) [26,44]. The absorption
edge of CuO nanoparticles depend on various factors like
particle size, band gap, surface defects (oxygen vacancies)
and synthesis techniques. The absorbance peak of sample S;
is found at lower wavelength as compared to the S; sample
which may ascribed to the smaller particle size.

Using Tauc relation, the energy gap of samples was
evaluated [45,46] and is given by

(ahv)" = A(hv — Eg) (5)

Where, a: absorption coefficient, hv: photon energy and Eg:
energy gap and the value of n is indicates the nature of
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transition. In this case, we choose n = 2 for direct transition.
In figure 6, we provided the Tauc plot of the samples S; and
S,. The energy gap is found to be 3.51 eV for the sample S;
and that of sample S is 3.57 eV. It is clearly noticed that
the change in absorption edge and the value of energy band
gap of samples with different synthesis routes due to the
change in particle size and supported by XRD results.
Furthermore, the obtained value of energy gap is greater
than of bulk CuO and well matches with previously reported
values of E4 by other researchers [47-48].
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Figure 5: Absorption spectrum of sample S1 (curve-a) and S2

(curve-b).
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Figure 6: Tauc plot of sample (a) S1 and (b) Sa.
Photoluminescence Study

Photoluminescence (PL) analysis is a significant tool for
examining the optical emission of materials. The main
sources of emission centers in metal oxides are oxygen
vacancies and metal interstitials which varies with particle
size, shape, composition and synthesis route [49]. PL
spectra of CuO samples with different excitation
wavelengths (400 nm, 410 nm, 420 nm, 430 nm) were
recorded at room temperature and results are presented in
figure 7 (a-b). The strong photoluminescence peak centred
at 485 nm for the sample S; and that of sample S; at 472 nm
due to the near band edge electron-hole recombination [50].

The peak position of sample S; shifted towards the higher
wavelength as compared to S, sample, indicating the larger
particle size of sample S; over sample S,. The change in
particle size with synthesis route due to the aggregation of
particle in solution. When particles are reduced to the
nanoscale, FL is influenced by many factors including a
high surface area and surface imperfections. PL intensity of
S1 sample is a higher than of sample S, because of its larger
particle size causes the decrease in number of surface
defects which enhance the rate of exciton recombination
[51]. Moreover, the weaker PL intensity of sample S as
compared to PL intensity of sample S indicates the higher
density of structural defects and impurities caused by
remains of some minerals, vitamins and fibres of papaya
leaf extract after sample washing, which is consistent with
our XRD results. These surface imperfections promote the
non-radiative recombination of electron-hole pairs,
resulting in a drop in PL intensity. A notable shift of PL
peak and PL intensity of samples with synthesis routes may
be result of change in particle size and the presence of
surface defects such as oxygen vacancies, metal interstitials
and minerals of papaya leaf extract. The same behaviour
was noticed by Das et. al. [52] for bio-synthesized CuO
nanoparticles using Madhuca longifolia plant extract. It is
concluded that the variation of PL properties depends of
particle size and surface defects which may alter with
synthesis routes.

£ E
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Figure 7 (a-b): Photoluminescence spectra of sample S: and Sa,
respectively, with different excitation wavelength.

Time Resolved Spectroscopy

To know more information about particle size and surface
defect related radiative electron hole recombination,
Fluorescence (FL) life time measurement of samples were
carried out by time co-related single photon counting
system and results are given in figure 8(a-b). Fluorescence
decay curves of CuO samples are well fitted with bi-
exponential function and the value of ? is nearly equal to a
unity. FL decay of CuO depend on the various parameters
including dopants, surface defects, solvent media and
synthesis route. The synthesis methodology could affect the
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carrier life time of materials due to the changes in surface
defects and particle size. In present case, the decay curve of
samples associated with direct recombination electron-hole
pairs (fast decay) and the trapping of carriers in surface
defects (slow decay) [53]. The value of 1, is smaller than 11
because of fast decay as a result of rapid radiative
recombination of trap states electron after escaping from
these states.

1000 (a)| 1000 (b)
§ ¥
i :
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Swo0{ f} D00 ¢
2 2]
= : = :
z : = ,
[ * wn
15 ¥ g *
[E)
£ 10 . = 10, : %
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Figure 8(a-b): Fluorescence decay curves of samples S1 and S,
respectively.

Using fitted parameters, we have evaluated the average
carrier life time of samples by following an expression [54].

_ zi=1,2...Ai":12 (6)

T =
ave
Yi=1.2..AiTi

Where, Tave represent the average carrier life time. A is the
amplitude of decay curve. The obtained value of traced
parameters and the average carrier life time of both samples
are summarized in table 2. It is found that the sample S has
a longer average carrier life time than of sample S; ascribed
to the trapping of charge carrier in surface defects and the
smaller particle size. As a particle size increases, the
average carrier life time increases due to the trapping of

carrier in impurities by residual fibres and minerals of
papaya leaf extract after washing. This is well consistent
with our steady state fluorescence analysis and the particle
size analysis XRD data. The density of oxygen vacancy and
grain boundary are decreases with an increasing particle
size causing short carrier life time [55]. This study
highlights the variation of carrier lifetime of samples with
synthesis techniques due to the trapping of carriers in
surface defects and change in particle size.

Conclusion

In summary, CuO nanoparticles have been synthesized
through two distinct synthesis techniques, namely green
synthesis and a chemical co-precipitation process. The
structural and optical properties of samples were examined
using XRD, SEM, FTIR spectroscopy, UV absorption,
photoluminescence and time resolved spectroscopy. XRD
pattern of samples revealed the appearance of CuO in
monoclinic phase. SEM images display the highly
agglomerated, irregular and spherical shaped particles are
formed. The existence of peaks ranging from 600-1000 cm-
Yin FTIR spectra confirms the formation of CuO
monoclinic phase. From band gap estimation, the value of
band gap is found to be 3.51 eV and 3.57 eV for the sample
S1 and Sy, respectively. From PL study, the sample S;
shows the higher PL intensity than of S; sample because of
its larger particle size and presence of various surface defect
(oxygen vacancies and Cu ions) and well supported by
carrier life time measurements. According to this study,
CuO is the most suitable material for optoelectronic
applications.
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Table 2: Calculated value of fitted parameters and average carrier life time.

Sample Name 71(NS) 12(Nns) A1 Az Tave (NS) v

S1 2.19 0.0215 0.107 0.893 2.02 1.03

Sz 3.11 0.0298 0.115 0.885 2.89 1.01
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