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ABSTRACT

In the present age, researchers are having a
growing interest in developing enabling
technology for the biogenic synthesis of metal
nanoparticles (NPs). In present work, we have
attempted synchronizing nanotechnology and
biotechnology by synthesizing crystalline
nanostructured copper particles using a
biogenic reducing agent viz. Citrus Limon
leaves. Optimization of the process
parameters, viz. temperature of the synthesis
process, pH of the metal salt solution and
amount of the reducing agent used, was done
using statistical tool namely response surface
methodology and ANOVA. The size distribution
and crystallographic study of the synthesized
NPs were done using UV-Vis
spectrophotometer, laser diffraction method,
transmission electron microscopy, X-Ray
diffraction analysis, Fourier transform infrared
spectroscopy and energy dispersive X-ray. The
NPs deposited lemon leaves were used for dye
effluent treatment and the decolorization
efficiency was measured. The innovative
solution for ecological issues like effluent
treatment using an environmentally benign
synthesis of novel substrates containing
nanoparticles was reported.
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INTRODUCTION

Nanotechnology deals with matters at a
nanometer scale and is hailed to be an
important part of material science in today’s
world. Nanoparticles are the particles having
the nanoscale measurement within 1-100 nm
range which decides their feature properties
[Gopinath et al., 2013; Gopinath et al., 2014;
Elias et al., 2016; Kale and Kane (2019); Kale
and Kane (2018)]. Nanomaterials can be
engineered to improve the special properties
at the nanoscale. The quest for tailor-made
materials led to development and applications
of various NPs which can be utilized as
modifiers to impart various desirable
properties to various materials/substrates like
polymers, textiles, rubbers etc. Conversion of
metal ions to metal NPs involves the use of
various synthetic chemicals like reducing and
capping agents which do not qualify as green
and eco-friendly reagents. The utilization of
green chemistry principles in the preparation
of NPs resulted in the development of various
biosynthesis methods which were found
suitable for all types’ viz. metal, metal oxides
and the metal composite of NPs. Such green
synthesis methods are cleaner, nontoxic, and
eco-friendly as compared to other methods.
Green synthesis of metal NPs involves the
reduction of the metal salts by using reducing
agents of natural source such as microbes,
parts of the plants etc. It can be claimed as a
green method as the reduction and capping
moieties are derived from the natural source
such as plants extracts. Among the various
routes of green synthesis of NPs, synthesis of
NPs using plant-based extracts attracted many
researchers from the other methods mainly
because of the ready availability of resources
and less cost, eco-friendliness of the process,
the possibility of getting a higher yield of NPs
and quicker process as compared to microbial
reduction [Agrawal, R et al., 2015; Agrawal, R
et al., 2018; Nam et al., 2016; Iravani et al.,
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2014; Logaranjan et al., 2016; Velusamy et al.,
2016].

Citrus limon (lemon) belongs to the Rutaceae
(citrus family) which is widely grown
commercially worldwide for the fruit, the juice
of the which is commonly used as a food
ingredient and considered to be a good source
of Vitamin C for human beings [Tomer, K. et al.,
2010]. Synthesis of various NPs using various
parts of lemon plant are available in literature
[Prathna et al., 2014; Prathna et al., 2013;
Prasad et al., 2013; Sujitha et al., 2013; Shukla
et al., 2012; Liang et al., 2012; Prathna et al,,
2011; Prathna et al., 2011].

Most of the researchers utilized lemon fruits as
a source of reducing and capping agents for
NPs synthesis; however, the information
regarding the utilization of lemon leaves for
reduction and stabilization is rather scarce. An
eco-friendly procedure for the synthesis of
colloidal selenium NPs was reported wherein
researchers have utilized leaf extract of a
lemon plant as a for the synthesis and the
protective effect of synthesized NPs against
UV-induced DNA damage activities was
reported [Prasad et al., 2013].

In the present work, the novel application of
lemon leaves with the projected application in
effluent treatment is reported. The lemon
leaves were utilized for dual purpose viz.
reducing agent for the synthesis of copper
nanoparticles (CuNPs) and the substrate for in-
situ synthesis. The lemon leaves containing
CuNPs were studied for their efficacy in
effluent treatment mainly in the removal of
color from the effluent.

RESULTS AND DISCUSSION

CCD ANOVA

Table 6 exhibited the results of experiments
and it specified wide variation in the CuNPs
biosynthesis. In run 14 i.e. 7.5 g of reducing
agent, temperature 100° C and pH 3 maximum
CuNPs synthesis (absorbance 0.4256) was
achieved.

Experimental data were subjected to multiple
regression analysis with the help of central

composite design to explain the role of each
variable and their interactions in the
biosynthesis of CuNPs. The high R? value
implies a coherent correlation between the
observed and predicted values. In the case of
absorbance, 0.956973 of the coefficient of
determination specifies that 95.6973% of the
changeability in the response was related to
the given independent parameter, and only
4.3027% of the total variations cannot be
explained. Adjusted determination coefficient
(0.918248) was also near to 1 indicating the
high significance of the model [Gaur R., et al.,
2015]. Therefore, the response trend analyzed
using the model was deemed to be sensible.

To test the suitability and significance of the
model ANOVA was employed. For each
independent variable significance was
determined by F-values and P-values, which
are listed in table 1. The P-values is used to
prove the significance of the coefficients and to
decode the interaction among the factors. The
linear and quadratic effects of the temperature
and reducing agent were significant as can be
seen from the degree of significance, proving
that they can act as restrictive parameters and
the minute difference in their value will change
rate of product production. Additionally, the
probability values of the coefficient showed a
maximum interaction between the two
variables (0.01), indicating that 99% of the
model is influenced by these variables.

The connection between all parameters both
dependent and independent as well the
optimum levels of amount of reducing agent,
temperature, and pH in order to get the
maximum CuNPs synthesis was proposed by a
second-order polynomial model (Eq. 1).
Absorbance = —0.04585 —
0.00433A + 0.106031B —
0.00445C — 0.00044AB +
0.000253AC + 5.75x 107> BC +
4.95x 1075 4% — 0.00782 B? +
0.002452 (?

(1)

Fig. 1 showed plots of the response surface
curves which evaluated interaction effects and
optimum values of the parameters where one
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Source Sum of Squares df | Mean Square | FValue | Prob>F
Model 0.13795 9 0.01533 24,7122 | <0.0001
A-Temperature 0.02928 1 0.02928 47.2048 | <0.0001
B-pH 0.00094 1 0.00094 1.51384 | 0.2467
C-Amount of Reducing agent 0.09685 1 0.09685 156.138 | <0.0001
A? 0.00263 1 0.00263 4.2408 0.0665
B? 0.00269 1 0.00269 4.33606 0.0639
c 0.00065 1 0.00065 1.04158 0.3315
AB 0.00387 1 0.00387 6.23553 0.0316
AC 0.00201 1 0.00201 3.23515 0.1023
BC 6.6x 1077 1 6.6x 1077 | 0.00107 | 0.9746
Residual 0.0062 10 0.00062
Lack of Fit 0.00268 5 0.00054 0.76064 | 0.6143
Pure Error 0.00352 5 0.0007

Table 1: ANOVA for synthesized of CuNPs
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Fig 1: Response surface carves (a-c) showing the interaction of independent variables on the

synthesis of CuNPs.
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parameter kept constant at optimal value and
other two parameters are permitted to vary.
The interactive effect of independent variables
as A, B and C are significant for the CuNPs
synthesis showed in Fig. 1. Fig.1 (a) shows, that
higher yields of the NPs were achieved at
higher levels of temperature and lower levels
of pH. Fig.1 (b) showed the higher amount of
CuNPs synthesis with an enhanced amount of
reducing agent and temperature. The
synthesized CuNPs maximum yield appeared
at high levels of temperature. Fig.1 (c) shows a
higher CuNPs yield which was due to the more
amount of reducing agent. In general, the
maximum amount of CuNPs was obtained at
higher amounts of reducing agent and lower
pH.

Model Verification
Optimum values of the experimental
parameter and predicted value obtained from

the model were confirmed experimentally. The
absorbance at 588 nm of synthesized CuNPs
experimentally was 0.4256 while 0.427457 was
predicted by the polynomial model. The
verification revealed an accuracy of model
higher than 99.56%, which can be considered
as a high degree of accuracy indicating
validation of the model under given
experimental parameters. The optimized
parameters for CuNPs synthesis using lemon
leaves were found as: pH 4.5, 7.5 g of reducing
agent and 100°C temperature [Hamed et al.,
2014].

Optical observation

The copper chloride reduction could be visually
seen by solution color change from blue to
green with varying extent of absorbance (Fig.
2) which confirms the formation of CuNPs at
100 °C, pH 4.5 and with 7.5 gms of reducing
agent. The distinctive

Fig 2: Optical observation of synthesized CuNPs
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Fig 3: UV-Vis spectrum of CuNPs
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colors of colloidal copper are due to Plasmon
absorbance arising due to oscillations in
conduction electrons on the surface of the NPs
because of incident light which results in
absorption of electromagnetic radiation
[Krishnaraj et al., 2010]. However, such color
changes might also occur due to the variation
in the shape, nature, and size of the metal NPs
[Shukla et al., 2009].

UV- Vis spectral Analysis

The UV-Vis spectrum of synthesized CuNPs
suspended in the reaction solution for
different reaction time are shown in Fig. 3.
Absorbance peak in the range of 580-590 nm
clearly indicates the formation of CuNPs which
was also reported in the previous studies
[Caroling et al., 2015; Prabhu et al., 2015]. The
Amax shifted from 595 nm to 588 nm with
increasing reduction time from 30 to 45
minutes and for remaining samples, it
remained stable at 588 nm when other
experimental conditions were kept constant
such as 100° C temperature, pH 4.5 and 7.5 gm
of lemon leaves. This clearly indicates the
optimization of NPs synthesis at 60 mins, after
which the gradual decrease in the absorbance
was observed.

Measurement of Particle Size

Figure 4 shows the particle size distribution of
the synthesized CuNPs using lemon leaves with
30 nm as mean particle size. The median of
particle size of 29nm was confirmed using the
laser diffraction technique. The modal particle
size was 28 nm in which more than 90%
particles were below 39 nm size range, 50%
below 29 nm and 10% below 22 nm range
(Table 2). The standard deviation in the
measurement of particle size was insignificant
(i.e. 0.094nm).

Transmission Electron Microscopy

From TEM analysis the particle size and
morphology of CuNPs were determined. The
TEM image in figure 5(a) displays that CuNPs
were mainly spherical with a small percentage
being elongated to give ellipsoidal shape. The
NPs showed a range from 5 nm to 30 nm
possessing an average diameter of 22 nm. The
larger particle sizes indicate agglomeration

which could be due to possible sedimentation
after a certain period of time. It can also be
observed from the images that the particles
were somewhat coated with a thin layer, which
could be the capping components from the
lemon leaves [Tarek et al.,, 2016]. The CuNPs
were crystalline, as visible from the Selected
Area Electron Diffraction pattern (SAED).
Figure 5(b) was derived from one of the NPs in
the aggregate.  Different crystallographic
planes of elemental copper are SAED spots
[Song and Kim, 2009].

X-Ray Diffraction Analysis

The XRD pattern of synthesized CuNPs is
presented in figure 6. Four discrete peaks were
detected at 77.3394°, 64.2285°, 43.8516°, and
37.5972° with (311), (220), (200) and (111)
Miller indices respectively [Cheirmadurai et al.,
2014; Abuhassan, 2009]. These peaks
correspond to JCPDS (Joint Committee on
Powder Diffraction Standards), copper file No.
04-0836.

It exhibited a crystallinity of 16.2097% which is
corroborated by the sharpness of (200) peak.
The plane (200) shifted a little bit towards
higher angle (20) by 0.5566 as against the bulk
(26 = 43.295; JCPDS 04-0836) showing
compressive stress.

Particle size calculation
The average particle size as given by Debey—

Scherrer’s formula
0.9421

- Bcos6

(3)

Where A is X-ray wavelength (0.15406 nm), B is
full-width at half maximum (FWHM) of the
diffraction peak in radians, © is Bragg’s
diffraction angle respectively. The particle size
obtained was 25.68 nm [Prabhu et al., 2017].
Calculation of Average Stress in Copper grains
The lattice constant of the bulk value ao of
Copperis 0.3615 nm (JCPDS: 04-0836) and the
corrected lattice constant in this study was
0.31815 nm (Table 3, Figure 7) proved that the
CuNPs had a strain inits structure. The average
stress grown in the sample was given by
equation (2),

|

ao—a] Y
20

(2)

ao
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Where ao and a are lattice parameters of the
bulk and NPs respectively.

Y (Young’s modulus) = 140 GPa (Copper bulk
material)

o (Poisson’s ratio) = 0.34 (Copper bulk
material)

The average stress is 24.68x 10° N/m? [Prabhu
et al., 2017].

Dislocation Density Calculation

The dislocation density (8) of sample CuNPs
was found to be as 0.151 x 10'®m™, using
equation (3) [Prabhu et al., 2017].

Cumulative % Diameter (nm)
90 39
80 36
70 34
60 31
50 29
40 28
30 26
20 24
10 22

Table 2: Cumulative Particle size distribution
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Fig 4: Particle size of synthesized CuNPs
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Fig 5: (a) TEM image of CuNPs (b) SAED pattern of CuNPs synthesized using lemon

leaves
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Fig 6: XRD pattern of biosynthesized CuNPs using lemon leaves
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Fig 7: Nelson Riley plot of synthesized CuNPs

10

Plane Crystallographic Bragg’s Lattice constant Lattice constant
spacing planes Diffraction angle Qactual (NM) Acorrected (NM)
d (nm) hkl 20
2.0629 111 43.8516 0.3573048 0.31815

1.449 200 64.2285 0.2898
1.2328 220 77.3394 0.3486885

Table 3: Structural parameters of CuNPs
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The calculated crystallite size came closer to
the size determined by other methods (Table
4). The larger particle size in case of Laser
Diffraction method could be attributed to the
tendency of NPs to agglomerate in the colloidal
form. For TEM and XRD, the NPs were in dried
powder form hence showing lower particle size
of the CuNPs. All the methods used for particle
size analysis gave the size in the range of 18-29
nm which were fine enough to qualify as NPs.
The method of utilizing lemon leaves as a green
reducing agent can be claimed as an efficient
method of NPs synthesis.

Debey- Laser TEM
Scherrer Diffraction
formula Method
25.68 29 22

Table 4: Particle size (D in nm) of CuNPs as
calculated by different methods

FTIR Analysis

The presence of various reducing and capping
agents from lemon leaves were analyzed using
FTIR. Figure 8 displays the FTIR spectra of the
colloidal CuNPs and the lemon leaves extract.
It showed presence of peaks at 3334 cm 1,
1631 cm 1, 1407 cm *and 1325 cm .

The presence of amide | band of proteins
obtained from the leaves was confirmed by the
presence of a peak at 1635cm ! which might

be the chlorophyll found in the leaf. The

chlorophyll is rehabilitated into a number of
tetrapyrroles during the de-greening process
which can act as the reducing agent [Mathias
et al.,, 2014]. The presence of flavonoids,
terpenoids, steroids, and alkaloids in leaf
extract was also known. Even though the FTIR
results showed the presence of terpenoids and
proteins in the leaves, it is quite possible that
other biomolecules exist in the solution and
reduce the copper ions in addition to its
stabilization by capping them.

Energy Dispersive X-Ray Analysis

For the validation of CuNPs synthesis, EDX
spectroscopy analysis was performed by
observing the characteristic peaks (Fig. 9). The
optical absorption band peak observed at 8
keV is of metallic CuNPs [Caroling et al; 2015].

Microscopic imaging of the Limon leaves

The micrographs of lemon leaves were
obtained and presented in Fig. 10. The change
of color of the leaf was clearly visible after the
reaction. This could be due to the deposition of
CuNPs on the leaves.

Colour removal of textile effluent with CuNPs
As evident from figure 11, the color of the
effluent containing Reactive Blue 171 was
decolorized using the lemon leaves containing
CuNPs. The decolorization efficiency was found
to be 89.23% which can be considered an
excellent level of color removal.



Ravindra Kale et al. European Journal of Sciences (EJS), 2019, In Press

0.80 °
I
3
« 060" '}
=) |
} !
S 040 !,
e
0.20 | 3
1 o
I 7
0.00 == A
5.00 7.50 10.00

kev

Fig 9: EDX pattern of CuNPs

Fig 11: Colour removal of C.l. Reactive Blue
171 using CuNPs deposited lemon leaves

This could be attributed to the presence of in-
situ synthesized CuNPs on the leaves which can
decolorize the dye. Hence, such leaves can find
application in the decolorization of the textile
effluent. The reported method scores better
over the various studies reported in the area of
effluent  treatment  where  additional
substrates were utilized for immobilization of
NPs along with synthetic/natural reducing
agents. The waste materials like lemon leaves
were made functional using a novel method of
modification.

CONCLUSION

The successful in-situ synthesis of CUNPs was
carried out on lemon leaves which also acted
as reducing and capping agent. The various
parameters were optimized using Design of

(b)

Fig 10: Microscopic images of lemon leaves
(a) before and (b) after synthesis of CUNPs

Experiment. The parameters studied viz.
temperature, pH and reducing agent were
found to have a decisive effect on the NPs
synthesis. The particle size results calculated
by various method was comparable. The shape
of synthesized NPs was confirmed as spherical
to elliptical. Well-dispersed nanoparticles
without agglomeration can be synthesized
using lemon leaves. The NPs containing leaves
showed excellent efficiency in decolorization
of effluent thus showing a great promise for
application of such biomolecules in achieving
sustainable treatment of effluent.

MATERIAL AND METHODS

Materials

Lemon leaves were obtained from the locality
of our Institute. C. |. Reactive Blue 171 dye was
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kindly supplied by Atul Industries Ltd, Mumbai.
Cupric Chloride dihydrate CuCl; (Mol. Wt.
170.48) salt, sulphuric acid, sodium hydroxide,
soda ash, and Glauber’s salt were procured
from S. D. Fine-Chem Ltd (SDFCL, Mumbai). All
other chemicals used were of analytical grade
and obtained from the SD fine chemicals,
Mumbai.

Methods

Synthesis of CuNPs

Cupric Chloride solution (0.01 M) was prepared
in a distilled water. Lemon leaves were washed
completely with deionized water, shredded
and put into the salt solution. This mixture was
constantly stirred at 70 rpm using a shaker
bath (Rossari Labtech, Mumbai) machine for
two hours. The effect of the amount of lemon
leaves, pH and temperature were studied by
performing various experiments according to
the Response Surface Methodology (RSM). 0.1
N sulphuric acid and 0.1 N sodium hydroxide
were used to maintain the reaction solution
pH. The NPs synthesis was noted from the
solution color change as shown in figure 12.
The solution was filtered after cupric chloride
reduction, then stored for further analysis and
application.

CuClI2
Metal Tons

+
Citrus Limon
leaves

[Biological
Reduction]

Optimization of Process parameters

The optimization of individual variables such as
reducing agent concentration, pH and
temperature were done using the optimization
tool of RSM. A Central Composite Design (CCD)
model was obtained for the 3 dependable
variables consisting of 20 experiments which
included 8 cubes, 6 central and 6 axial points as
shown in table 5 and 6.

In order to confirm the synthesis of NPs, the
absorbance at Amax was measured
spectrophotometrically after each experiment.
Absorbance was individually taken as
responses.

Characterization of CuNPs synthesized using
optimum process conditions.

UV- Visible spectral Analysis

The preliminary characterization of the bio-
synthesized CuNPswas done by UV-Vis
spectrophotometer (UV-1800 ENG 240 V,
Shimadzu, Japan) with 1 nm resolution in the
wavelengths from 200-800 nm. The bio-
reduction of Cu*? in aqueous solution was
continuously monitored by regularly taking out
samples. UV-Visible spectroscopy analysis of
the synthesized CuNPs was carried out over a
period of time.

[nucleation] Lt

.+ Copper Metal
**Nanoparticles

{Key Factors: Concentration,
Reaction Time and Temperature}

Fig 12: CuNPs synthesis schematic diagram

Variable Levels
-1 1
Temperature (°C) 50 100
pH 3 7
Amount of reducing agent (g/ 100ml) 2.5 7.5

Table 5: independent variable and their levels used for CCD method.
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Table 6: Experimental run with the response
Temperature Amount of reducing Absorbance at 588 nm
Run pH - -

(°C) agent (g/ 100ml) Experimental Predicted
1 50 7 7.5 0.2816 0.269348
2 75 5 5 0.2433 0.213319
3 75 5 7.5 0.3305 0.327056
4 75 5 2.5 0.1483 0.130236
5 50 3 2.5 0.0835 0.079608
6 50 5 5 0.1809 0.190136
7 75 5 0.2217 0.213319
8 75 3 0.2119 0.191736
9 100 7 2.5 0.1348 0.136198
10 75 5 5 0.1673 0.213319
11 75 7 5 0.1737 0.172356
12 100 3 2.5 0.1825 0.200128
13 50 7 2.5 0.1007 0.103628
14 100 3 7.5 0.4256 0.428048
15 75 5 5 0.2016 0.213319
16 75 5 5 0.2143 0.213319
17 100 5 0.3291 0.298356
18 100 7 7.5 0.356 0.365268
19 75 5 5 0.1887 0.213319
20 50 3 7.5 0.2402 0.244178

Nano Particle Size Analysis

Particle size analysis was carried out by Laser
diffraction technique using particle size
analyzer (SALD 7500 nano, Shimadzu, Japan).

Transmission Electron Microscopy

The solution containing the NPs was
centrifuged at 4,800 rpm for 5 minutes and the
resulting centrifuge was redispersed in distilled
water. This process was repeated thrice. TEM
sample of the aqueous colloid of CuNPs was
prepared by putting a drop on carbon-coated
copper grids allowing the water to evaporate.
TEM and selected area electron diffraction
data were collected on TEM Model 200
Supertwin STEM (Phillips make) with an
accelerating voltage of 200kV and resolution of
0.23 nm.

X-Ray Diffraction

The purified centrifuged and the redispersed
suspension was completely dried at 802C. The
crystallographic study of the CuNPs was done
by using X-ray diffractometer (Shimadzu XRD-

6100) with CuKa radiation using the 20 range
of 10-80¢.

FTIR Analysis

The IR spectra of the lemon leaves and the
CuNPs was measured on FTIR instrumentin the
range of 4000-400 cm™ (FTIR 8400S Shimadzu,
Japan).

Energy Dispersive X-Ray analysis

The presence of synthesized NPs was
confirmed using EDAX (EDX-720, Shimadzu,
Japan).

Microscopic imaging of the used lemon leaves
The optical determination of the leaves before
and after NPs synthesis was carried out using
Leica DM EP microscope (Leica DMC 2900),
Germany.

Color removal of textile effluent with
synthesized CuNPs

The leaves with deposited CuNPs were used for
color removal of the textile effluent. 0.1 gpl of
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the effluent stock solution was prepared using
C.l. Reactive Blue 171. The CuNPs were added
in this colored solution and further stirred for
60 minutes on a magnetic stirrer at room
temperature. After completion of the reaction,
solution absorbance was measured on UV- Vis
spectrophotometer at maximum wavelength
(Amax =620) nm. The color removal efficiency
was calculated by using equation 4 [Kale and
Kane, 2016].

Decolourization (%) =
Initial Concentration—Final Concentration

x 100...

Initial Concentration
(4)
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