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Abstract
A stable dispersion of nano-structured silver particles (AgNPs) was synthesized using an aqueous extract of Citrus sinensis 
(orange) peel extract. Formation of AgNPs was confirmed using UV–visible spectroscopy. In the process, orange peel 
was used as both reducing agent and stabilizing agent. In the presence of extract, nanoparticles remained stable even 
after a time span of 20 days of their synthesis. Different physical parameters such as concentration of reducing agent, 
temperature, pH and time were being optimized for determination of optimal condition for synthesis of stable dispersion 
of nanoparticles. The AgNPs were further characterized using various techniques such as X-ray diffraction, dynamic light 
scattering, field emission scanning electron microscopy and energy-dispersive X-ray spectroscopy for getting informa-
tion about their formation, composition, hydrodynamic diameter and size. The stability of the colloidal dispersion of 
nanoparticles over a wide range of temperatures and pHs was evaluated. The AgNPs were found to be stable over a pH 
range of 2–10 and temperatures ranging 25–75 °C. Later, these synthesized AgNPs were evaluated for their potentiality 
in antimicrobial activity. It was found that the nanoparticles showed significant bactericidal as well as fungicidal activity 
depending on the size of nanoparticles. In addition to this, AgNPs were evaluated for photocatalytic degradation of an 
azo dye, Congo red. Kinetic study of degradation has also been carried out and was found that the reaction followed 
pseudo-first-order kinetics.

Keywords  Silver nanoparticles · Orange peel extract · pH · Temperature · Antimicrobial activity · Congo red · 
Photocatalyst

1  Introduction

Recently, nanoparticles have gained momentum due to 
their various beneficial applications in various fields. The 
unique feature of the nanoparticles is that their properties 
such as optical, magnetic and electronic vary from their 
bulk material [1]. The specific properties of nano materi-
als have been attributed to the fact that these particles 
have characteristic size, shape, area and surface chemistry. 
Nanoparticles can be synthesized using a variety of meth-
ods such as laser ablation, photochemical reduction and 

sono-chemical method [2–5]. Though there are several 
processes available for synthesis of these particles, the pro-
cesses using chemicals are not eco-friendly and relatively 
expensive. An alternative way needs to be searched which 
should be environmental-friendly and cheaper. The most 
efficient and cost-effective method for synthesis of metal 
nanoparticles is synthesis using natural resources like 
plant or fruit or fruit peel extract as stabilizing and reduc-
ing agent [6–8]. The recent literature revealed the enthu-
siasm of green route to synthesize AgNPs using banana 
peel extract [9], Azadirachta indica leaf [10], Garcinia 
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mangostana leaf [11], Terminalia arjuna leaf [12], Murraya 
koenigii leaf [13], Punicia granatum peel [14] and Cinnamo-
mum zeylanicum leaf [15]. Therefore, this green process 
can be used for production of nanoparticles at large scale 
also. Biogenic methods of synthesis of nanoparticles have 
several advantages over physiochemical method. Besides 
being environmental-friendly and non-toxic in nature, 
this method leads to production of nanoparticles having 
well-defined morphology and size [1]. In the proposed 
work, Citrus sinensis has been employed for the synthesis 
of nanoparticles. Citrus sinensis (orange) belonging to a 
family Rutaceae are mainly found in dry and arid regions 
of tropical and subtropical areas.

Metal nanoparticles have got vital role in various areas 
such as pharmaceutical, biotechnological and industrial. 
In particular, silver nanoparticles possess antibacterial, 
antifungal and larvicidal properties [16–18]. In fact, silver 
has the lowest toxicity to animal cells and was found to 
be most effective against bacterial action. Besides their 
antimicrobial property, AgNPs also exhibit photocata-
lytic properties in the field of dye detoxification and its 
removal [19–21]. Dyes are used in different industries and 
are directly discharged into the water bodies without 
any treatment. These dyes which are non-biodegradable 
and potentially hazardous can cause serious damage to 
ecology [22, 23]. Various other methods are also being 
practiced for treatment of waste water such as UV light 
degradation, redox treatment, carbon sorption and floc-
culation; however, these techniques are not that effective 
and, therefore, need better approach [24–27].

The objective of this work is to yield relatively stable dis-
persion of AgNPs in a simple and cheap manner by reduc-
ing the silver salt solution using orange peel extract. Peel 
extract was used as both reducing agent and stabilizing 
agent. Optimal condition to obtain stable dispersion of 
AgNPs was obtained by evaluating different parameters 
such as pH, temperature and concentration of reducing 
agent. The synthesized nanoparticles were then evalu-
ated for its antimicrobial property, and finally, these AgNPs 
were also used as photocatalyst for the removal of an azo 
dye, i.e. Congo red, present in waste water and the kinetic 
study of degradation has also been reported.

2 � Experimental

2.1 � Materials

Silver nitrate (AgNO3, Extra Pure, 99%) and sodium borohy-
dride of Molychem were being used for different purposes. 
The pH of each solution was adjusted to 8 using 0.1 M 
sodium hydroxide (Sigma Aldrich) and 0.1 M hydrochloric 
acid (Fischer Scientific) solution. Citrus sinensis peels were 

collected from the local market. A total of two bacterial 
strains, namely Pseudomonas aeruginosa (P.aeruginosa) 
and Pseudomonas syringae (P. syringae), and a fungal 
strain, Alternaria brassicicola (A. brassicicola), were used in 
the study. The bacterial and fungal strains were obtained 
from CSIR-National Botanical Research Institute, Lucknow, 
India. For preparation of solution, double distilled water 
was used.

2.2 � Synthesis of AgNPs

Extracted component of orange peel was used as stabiliz-
ing and reducing agent for the synthesis of AgNPs. 10 g 
of orange peel was dried in sunlight for 4–5 days. It was 
taken in a round-bottomed flask where 200 mL metha-
nol/water solution was then added to it in the ratio of 
4:1 (v/v). The resulting solution was placed on a heating 
mantle with stirrer and was refluxed for 4–5 h. The solvent 
was removed from the solution using rotary evaporator 
(Heidolph Laborota 4001 Rotary Evaporator). The extract 
was dried and further converted into powdered form. The 
powdered form of the extract was used for further experi-
ments. A required amount of this powdered extract was 
mixed with known amount of double distilled water to 
achieve the desired concentration and the final volume of 
15 mL. The preparation of AgNPs was carried out by add-
ing 25 mL of 600 ppm silver nitrate solution to 15 mL of 
prepared extract solution while stirring (~ 1000 rpm). Four 
solutions of AgNPs were prepared, and in each of the solu-
tions, the concentration of silver nitrate was kept 600 ppm 
while the concentration of peel extracts was kept 0, 300, 
1500, 3000  ppm, respectively. In this method, KExtt/Ag 
depicts the ratio of extracted component to silver ion 
concentration. Table 1 presents the value of this ratio for 
all the samples. Once the formation of nanoparticles was 
completed, nanoparticles were washed by ultracentrifu-
gation at 14,000 rpm for 20 min. The liquid was removed, 
and the powder obtained at the bottom of the centrifuge 
tubes was suspended in deionized water. The suspension 
was again centrifuged at 14,000 rpm for 20 min, and the 
process was repeated thrice. Finally, the powder obtained 
was suspended in water and sonicated using Q Sonica 
Sonicator at room temperature. Variation in the pH of 
extract solution has an effect on synthesis reaction, and 

Table 1   Composition of sample solution

Sample KExt/Ag [Extract] (ppm) [Ag+] (ppm) [NaBH4] (ppm)

1 0.0 0 600 300
2 0.5 300 600 0.0
3 2.5 1500 600 0.0
4 5.0 3000 600 0.0
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to avoid this, pH of the peel extract was set to 7 in all the 
cases before mixing.

2.3 � Characterization of AgNPs

At the initial stage, the synthesis of AgNPs was monitored 
using LAB India UV–Vis 3200 spectrophotometer in a 
wavelength range of 300–700 nm. A glass cuvette hav-
ing optical path of 1 cm was used. The stability of colloi-
dal AgNPs was studied by taking the UV–Vis absorption 
spectra of all samples after 30 min of synthesis and was 
compared with spectra taken after 7 days and then after 
20 days. The UV–Vis absorption spectra for different sam-
ples were taken at room temperature. PANalytical X′pert 
Pro MPD diffractometer was used to perform powder 
XRD to obtain the diffraction pattern from the sample. 
The AgNPs were further characterized by DLS study using 
a Nano Brook 90 plus PALS at 25 °C. The hydrodynamic 
diameter (Z-average), PDI and width distribution of par-
ticles were also determined through DLS study. Morphol-
ogy and size of the nanoparticles were determined using 
FESEM. FESEM images of the nanoparticles were taken by 
using ZEISS microscope (accelerating voltage ranged from 
5 to 20 kV). FESEM samples were prepared by placing 2 
μL of AgNPs on thin aluminium foil. The chemical com-
position was verified using elemental analysis on a ZEISS 
electron microscope equipped with an EDX analyser. To 
prevent samples from charging, a thin gold coating was 
sputtered onto the samples prior to the analysis. Coating 
the sample with a layer of metal resists charging, prevents 
thermal damage and improves the secondary electron sig-
nals, which is required for topographic examination of the 
sample.

3 � Stability of AgNPs at different pHs 
and temperatures

The colloidal stability of synthesized AgNPs was screened 
at different pHs and temperatures. The hydrodynamic 
diameter and PDI of the nanoparticles were measured over 
a pH range of 2–10 and temperature range of 25–75 °C 
using NanoBrook 90 plus PALS. 0.1 M NaOH solution and 
0.1 M HCl were used to adjust the desired pH environment.

4 � Antimicrobial assay of AgNPs

4.1 � Antibacterial activity assessment

Antibacterial potential of biogenic AgNPs of different 
KExt/Ag ratios was tested against Pseudomonas aeruginosa 
and Pseudomonas syringae (Gram-negative bacteria) by 

disc diffusion method [28]. To study the effect of AgNPs 
on pathogens, 100 µl of cultures, which were allowed to 
grow overnight, was spread on nutrient agar plates in a 
uniform manner. Pre-sterilized cotton of 1 cm2 was placed 
on the centre of the plates, and 50 µL of desired nanopar-
ticles was added to it and was dried in air. The plates were 
incubated at 27 °C for 24 h. After 24 h, zone of inhibition 
was measured. Peel extract (3000 ppm) was used as con-
trol in the process.

4.2 � Antifungal activity evaluation

Antifungal assay of the synthesized nanoparticles against 
Alternaria brassicicola was conducted to evaluate the effect 
of AgNPs on the mycelial growth of the fungi. Three plates 
of autoclaved potato dextrose agar (PDA) were prepared 
in which nanoparticles synthesized using different KExt/Ag 
ratios were added to each of these plates. The other plate 
was kept as control containing only Milli-Q Water (without 
AgNPs). A disc of mycelia was withdrawn from the fun-
gal culture and was placed at the centre of the plate con-
taining silver nanoparticles assimilated in PDA Medium. 
The plates were then incubated at 25 °C temperature for 
7 days. The efficiency of the synthesized nanoparticles was 
evaluated by measuring the diameter of the fungal colony 
growth.

5 � Photocatalysis

The photocatalytic activity of the AgNPs was studied by 
employing an aqueous solution of an azo dye, i.e. Congo 
red (20 mg L−1). Thereafter, the photocatalytic reaction was 
conducted outdoor under the sunlight as main energy 
source. The experiment was set up by suspending 5 mL of 
AgNPs solution in 50 mL of dye solution. The mixture was 
kept in dark under continuous stirring for 30 min to bring 
the AgNPs to constant equilibrium in the mixture. The mix-
ture was then kept under sunlight for 4–5 h. Degradation 
of congo red aqueous solution was analysed using UV–Vis 
spectroscopy by collecting the samples at regular time 
interval. The kinetics of the reaction has also been studied.

6 � Results and discussion

6.1 � Visual change

The preliminary analysis, which indicates the synthesis of 
nanoparticles, is the visible change in the colour on addi-
tion of peel extract to the silver nitrate solution. On adding 
different concentrations of peel extract to silver nitrate, a 
significant change in colour was observed. The colour of 
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the solution turned from colourless to orange when the 
extract ratio was 0.5, and on increasing the extract ratio 
to 2.5, brown colour was observed, which turned to dark 
brown on further increasing the extract ratio to 5.0. The 
reason for the change in colour is excitation in the surface 
plasmon resonance (SPR). The SPR is a distinctive optical 
property, which is exhibited when all the electrons present 
in conduction band vibrate in resonance, which, in turn, is 
responsible for the absorption ranging between 380 and 
500 nm in UV–Vis spectra for the synthesized silver nano-
particles. Thus, the colour change confirmed the synthesis 
of silver nanoparticle, which was further confirmed using 
UV–Vis spectrometer.

6.2 � UV–Vis results

UV–Vis absorption spectra of the prepared samples at 
different concentrations of peel extract are presented in 
Figs. 1 and 2. Figure 1 shows the UV–Vis spectra of nano-
particles at various extracted concentrations immediately 
after their synthesis. The concentration of peel extract 
influenced the intensity of extinction peak. With the 
increase in concentration of peel extract, the probability 
of aggregation of nanoparticles decreased and the rate 
of nucleation increased, which results in the synthesis of 
large number of nanoparticles [29, 30]. The functional 
group of the stabilizer reacted with the nanoparticles and 
did not allow the collision of these nanoparticles; there-
fore, the aggregation of nanoparticles did not occur. The 
appearance of peak in the range of 400–420 nm confirms 
the synthesis of AgNPs [31].

UV–Vis absorption spectrum of the synthesized nano-
particles using sodium borohydride as reducing agent 
and without adding peel extract (stabilizing agent) is 
depicted in Fig. 2a. The UV–Vis spectrum taken immedi-
ately after synthesizing AgNPs showed peak at 390 nm, 

which indicated the formation of spherical AgNPs, but the 
spectrum taken after 1 day did not show any peak. The 
peak at 390 nm disappeared which illustrated the insta-
bility of synthesized nanoparticles while spectrum of the 
nanoparticles obtained in the presence of peel showed 
no changes even after a week time. The UV–Vis absorption 
spectrum for nanoparticles having KExt/Ag = 0.5 and 2.5 was 
stable even after a week, but the stability of nanoparti-
cles obtained from KExt/Ag = 5.0 was even higher (Fig. 2b–d). 
There are two factors, which determine the stability of 
nanoparticles. These are (a) changes in the maximum 
absorption wavelength (b) sharpness of the peak. AgNPs 
having lowest change in the absorption and also sharp-
est peak have the highest stability [32]. Based on these 
results, the solution of nanoparticles with KExt/Ag = 5.0 has 
the highest stability. This shows that peel extract acts as a 
stabilizer and the increase in its concentration increased 
the stability of nanoparticles. Even slight change in the 
shape, size and distribution of the solution has an influ-
ence on the UV–Vis extinction characteristics such as shift-
ing of the peak, intensity and full width half maxima [30]. 
The results obtained are well in agreement with those 
reported in Santiago et al.

6.3 � XRD analysis

Figure 3 represents the XRD pattern of the nanoparticles 
synthesized at 45 °C and pH 10. The peaks at 35.6, 42.79, 
48.16, 57.10 and 64.33 are assigned to diffraction from 
[111], [220], [200], [222] and [220] planes of face-centred 
cubic silver nanoparticles. The peaks have been matched 
with the standard data file (The JCPDS Card no. 04-0784).

6.4 � DLS results

The effect of different amounts of peel extract on Z-aver-
age of AgNPs is demonstrated in Table  2. An increase 
in the extract concentration resulted in decrease in the 
size of AgNPs. Figure 4 depicts the size of nanoparticles 
obtained from different KExt/Ag ratios. These trends can be 
explained by the fact that an increase in concentration of 
extract controls the growth of nanoparticles as a result of 
which the size of nanoparticles decreases. The sample hav-
ing KExt/Ag = 5.0 exhibited the lowest PDI value. All the four 
samples having PDI value lower than ~ 0.3 indicate narrow 
particle size distribution [30].

6.5 � FESEM results

FESEM images of synthesized AgNPs are presented in 
Fig. 5. The micrographs were taken at 1 µm (low resolu-
tion) and 100 nm (high resolution). FESEM images show 
that synthesized nanoparticles are uniformly spherical in 

Fig. 1   UV–Vis absorption spectra of synthesized AgNPs after 30 min 
in solution a without extract, b KExt/Ag = 0.5, c KExt/Ag = 2.5 and d 
KExtAg = 5.0
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shape. The AgNPs, which were not stabilized by extract 
solution, were easily agglomerated and linked created 
large particles. The size of nanoparticles reduced with 
increasing KExt/Ag ratio.

Fig. 2   UV–Vis absorption spectra of synthesized AgNPs over a period of time a [Extract] = 0  ppm, NaBH4 was used as reducing agent, b 
KExt/Ag = 0.5, c KExt/Ag = 2.5 and d KExt/Ag = 5.0

Fig. 3   XRD pattern of AgNPs synthesized using KExt/Ag ratio = 5.0

Table 2   Effect of different concentrations of peel extract on Z-aver-
age and zeta potential of AgNPs

KExt/Ag Z-average(nm) Zeta potential (mV) PDI

0 Precipitated Precipitated 1.00
0.5 149 − 25.79 0.326
2.5 58.5 − 28.06 0.320
5.0 46.6 − 26.97 0.259
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Fig. 4   Hydrodynamic diam-
eter of silver nanoparticles a 
KExt/Ag = 0.5, b KExt/Ag = 2.5 and c 
KExt/Ag = 5.0

Fig. 5   SEM images of synthesized AgNPs a without extract, b KExt/Ag = 0.5, c KExt/Ag = 2.5 and d KExt/Ag = 5.0



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1722 | https://doi.org/10.1007/s42452-019-1762-z	 Research Article

6.6 � EDX analysis

EDX spectra recorded from the silver nanoparticles are 
shown in Fig. 6. The EDX spectra show the presence of 
Ag and O. The strong signal of Ag confirms the synthesis 
of AgNPs while O may have originated from the biomol-
ecules, which are capped on to the silver nanoparticles. 
A typical optical absorption peak at 3 keV is generally 

shown by silver nanoparticles due to SPR [33, 34]. The 
variation in the intensity of O peak with the size of cap-
ping molecule depicts that AgNPs are in metallic form 
with no formation of Ag2O in them and free from any 
other impurities. Other weaker signals from Cl, P, Na & 
Ca atoms have also been observed due to the presence 
of impurities in plant extract. Al was also observed as the 
sample was drop casted on Al foil.

Fig. 6   EDX spectrum of AgNPs a KExt/Ag = 0.5, b KExt/Ag = 2.5 and c KExt/Ag = 5.0

Fig. 7   Hydrodynamic diameter 
and polydispersity index with 
changing a pH and b tempera-
ture for AgNPs with extract 
concentration = 1500 ppm
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6.7 � Effect of pH on the stability of AgNPs

The colloidal stability of synthesized nanoparticles with 
KExt/Ag = 0.5 was evaluated using particle size analyser in 
a pH range of 2–10. The size and the PDI of the nanopar-
ticles remained almost the same over the wide range of 
pH (Fig. 7a). There wasn’t a significant variation in the 
size of nanoparticle in the pH range of 2–8. The size of 
the particles in the pH range 2–8 varied from 198 to 
186 nm. In contrast, a further increase in pH resulted in 
considerable decrease in the size of the nanoparticle 
(139 nm). The PDI of the nanoparticles remained almost 
the same in the pH range of 2–10. The lower value of PDI 
(0.212–0.286) indicates the homogeneity of nanopar-
ticles which means particles have narrow particle size 
distribution.

6.8 � Stability of nanoparticles at different 
temperatures

The stability of nanoparticles was studied over a tem-
perature range 25–75 °C. The particle size and PDI of 
synthesized nanoparticles using KExt/Ag = 0.5 with vary-
ing temperature are shown in Fig. 7b. The size of the 
nanoparticles increased from 51 to 72 nm on increasing 
the temperature from 25 to 75 °C. The PDI of synthesized 
nanoparticles decreased till 45 °C (from 0.415 to 0.204), 
then increased at 55 °C and then further decreased. The 
PDI presents the homogeneity of the size distribution 
in a dispersion of colloidal AgNPs. A lower PDI indicates 
the presence of more homogeneous particles. There-
fore, the most optimum temperature for the stability of 
nanoparticles was found to be 45 °C at which the par-
ticles were smaller in size and homogenous in nature.

6.9 � Antibacterial assay result

The antibacterial activity of AgNPs was determined by 
zone inhibition method with Gram-negative bacteria’s 
P. syringae and P. aeruginosa. AgNPs synthesized using 
orange peel extract showed inhibitory activity against 
both of them. AgNPs synthesized using three different 
KExt/Ag ratios were used for the analysis of antibacterial 
activity. Figure  8a(1), b(1) represents the antibacterial 
activity of peel extract. Orange peel extract did not show 
any zone of inhibition confirming itself having no anti-
bacterial property [35]. The diameter of inhibition zone 
against P. syringae and P. aeruginosa is given in Table 3. 
The inhibition zone varies from one bacterial species to 
another due to variation in the composition of their cell 
wall [36, 37].

The highest KExt/Ag ratio of 5.0 exhibited maximum 
antibacterial activity as compared to other counterparts. 
As observed in Fig. 8, the diameter of zone of inhibition 
increased with the increase in KExt/Ag ratio, which reflects 
that synthesized AgNPs using higher concentration of 
extract exhibited higher bactericidal properties as com-
pared to others.

The increase in the antibacterial activity is because of 
the fact that with increase in the concentration of peel 
extract, small-sized nanoparticles were obtained (Table 2) 
due to which larger surface area became available for the 

Fig. 8   Antibacterial activity of 
biogenic AgNPs against a P. 
syringae and b P. aeruginosa (1) 
peel extract (2) KExt/Ag = 0.5 (3) 
KExt/Ag = 2.5 and (4) KExt/Ag = 5.0 
(in both the cases)

Table 3   Zone of inhibition (Mean ± SD) exhibited by AgNPs against 
Gram-negative bacteria P. syringae and P. aeruginosa 

KExt/Ag Zone of inhibition (mm)

P. syringae P. aeruginosa

0.5 20.833 ± 0.8498 0.0 ± 0.0
2.5 24.833 ± 0.6236 12.166 ± 0.2357
5.0 26.33 ± 0.6236 14.33 ± 0.2357
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interaction, and hence, bactericidal activities increased as 
compared to large-sized particles and killed the microor-
ganism [35, 38].

When nanoparticles interacted with the bacterial mem-
brane, certain changes occurred on bacterial surface. The 
changes produced on the surface of bacterial membrane 
lead to increase in its permeability, which ultimately 
affected the transport through plasma membrane. The 
disturbance in the transportation through plasma mem-
brane consequently caused cell death [39, 40]. The silver 
nanoparticles, which penetrated the bacterial surface, 
interacted with compounds containing sulphur and phos-
phorous [41] and disturbed the regular cycle leading to 
ultimate demise of the cell. In case of Psedomonas syrin-
gae, an increase in the KExtact/Ag ratio resulted in increase 
in the killing rate of bacteria. Psedomonas aeruginosa 
also exhibited the same trend, but the zone of inhibition 
exhibited by it was comparatively smaller as compared to 
Pseudomonas syringae (as shown in Table 3). Similar kind 
of results has been reported when AgNPs were used to kill 
E. coli and S. aureus [42].

6.10 � Antifungal assay result

The effect of AgNPs on the mycelial growth of fungi, 
Alternaria brassicicola, was observed after 7 days. The 
diameter of the mycelial growth decreased with increase 
in the KExt/Ag ratio (Table 4). Although the growth of fungi 

was not completely inhibited by the nanoparticles, spore 
growth was affected by it. A change in colour from dark 
green to yellowish and then finally white indicates the 
inhibition in the spore growth (Fig. 9).

AgNPs synthesized from the maximum KExt/Ag ratio, 
i.e. 5.0, exhibited the maximum percentage of inhibition 
of fungal growth and hence maximum antifungal activ-
ity (Fig. 10). The inhibition of the spore growth occurred 
because of the generation of reactive oxygen species 
(ROS), which interacted with the fungal biomolecule and 
induced oxidative stress that hindered the cell from per-
forming its normal physiological functions and caused 
cell death [43].

Table 4   Fungal growth (colony diameter, mm) in the presence of 
AgNPs synthesized using variable KExt/Ag

KExt/Ag Diameter of fungal (A. 
brassicicola) growth 
(mm)

0.5 55.5 ± 1.0
2.5 30.0 ± 1.0
5.0 27.7 ± 0.7

Fig. 9   Images showing mycelial growth of A. brassicicola on PDA medium containing nanoparticles synthesized using a KExt/Ag = 0 (peel 
extract), b KExt/Ag = 0.5, c KExt/Ag = 2.5 and d KExt/Ag = 5.0

Fig. 10   Percentage of inhibition of fungal (A. brassicicola) growth 
using AgNPs having (1) KExt/Ag = 0.5 (2) KExt/Ag = 2.5 (3) KExt/Ag = 5.0
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7 � Mechanism of silver nanoparticles 
synthesis using orange peel

The orange peel extract is composed of various polyphe-
nolic compounds such as tannins flavonoids, alkaloids, 
saponins, quinines and steroids. These chemical com-
pounds are responsible for the instantaneous reduction 
of the silver ions in the reaction mixture [44]. Extract 
was prepared using methanol/water solution because 
of the fact that although the phytochemicals present 
in the plant extract are soluble in water, the maximum 
extraction of these compounds occurs in the presence of 
methanol. Several workers have reported the potential 
of solvents for phytochemical extraction [45, 46]. Among 
various active constituents present in the peel extract, 
one of them is ellagic acid, which is an antioxidant and 
has the ability to scavenge the free radicals. Ellagic 
acid possess hydroxyl and carboxyl groups, which have 
strong tendency to bind the heavy metal ions [47]. Poly-
phenols and phenolic derivatives have strong nature to 
form chelated compound [48] and, therefore, inactivate 
the metal ion [49]. The inactivation of metal ions and 
formation of chelated compounds plays an important 
role in the formation of metal nanoparticles [50]. When 
silver nitrate comes in contact with the peel extract, the 
hydroxyl group present in the plant extract gets esteri-
fied as a result of elimination of reactive unpaired elec-
trons in oxygen radicals. The eliminated electrons are 
transferred to hydroxyl group. This causes the reduc-
tion of Ag+ ions to atomic Ag. The esterification of the 
hydroxyl and carbonyl present in ellagic acid makes 
easier for the hydrogen atom to leave ortho-phenolic 
hydroxyl group; thus, the phenolic group is oxidized. 
The oxidation of phenolic group results in the forma-
tion of quinone or quinoid (Fig. 11a). The reduction of 
Ag+ ions to Ag is facilitated by the higher total phenolic 
content of the orange peel extract. The electron-donat-
ing tendency of the phenolic group makes it suitable for 
reducing silver ion to nano-size silver atoms. The quinoid 
compounds, which are synthesized by the oxidation of 
phenolic group, get adsorbed on the surface of synthe-
sized nanoparticles and hence get stabilized (Fig. 11b). 
By this way, the orange peel extract acts as both reduc-
ing agent and stabilizing agent.

8 � Photocatalysis

Firstly, the catalytic degradation of Congo red dye in 
the presence of AgNPs was observed by visual change 
in the colour. The intensity of the colour of dye gradually 

decreased with time from red to light yellow in the pres-
ence of AgNPs under sunlight. Congo red is a second-
ary diazo dye and is a carcinogenic metabolite, which is 
used in many industries. It is a coloured dye and has high 
amount of dissolved solid along with high chemical oxy-
gen demand [51]. The degradation of the dye solution 
using AgNPs in the presence of sunlight was confirmed 
using UV–Vis spectrophotometer (Fig. 12b). Figure 12a 
exhibits the change in intensity of peak of the dye solu-
tion in the absence of sunlight, which reveals that a 
small shift in the intensity occurred in a time span of 2 h 
but at extremely slow pace. The characteristic peak for 
Congo red was obtained at 507 nm and 355 nm, which 
corresponds to π−π * transitions of azo group (−N = N−) 
and naphthalene rings of the dye, respectively [52]. After 
the addition of AgNPs, the solution was stirred in the 
absence of light for 30 min in order to attain the adsorp-
tion–desorption equilibria. The removal of dye at the 
initial stage reflects the capability of dye molecules to 
get adsorbed on the surface of nanoparticles [53]. The 
dye molecules were adsorbed on to the active sites of 
the surface of nanoparticle through the oxygen atoms 
of the sulphonate group present in Congo red dye. After 
sometime, the active sites of AgNPs were saturated with 
the dye molecules being adsorbed on its surface. Conse-
quently, there wasn’t any space left for further adsorp-
tion and the process of adsorption was then followed 
by photodegradation. The gradual decrease in the peak 
intensity confirmed the degradation of dye. There was 
complete change in the colour of the dye from bright 
red to light yellow colour at the end of 4 h.

On exposing the Congo red solution to the solar radia-
tion, the peak observed at 507 nm suppressed signifi-
cantly, which depicts the mineralization of azo bonds by 
the attack of hydroxyl radicals. On the other hand, the 
peak centred at 355 nm, which was attributed to naph-
thalene ring, exhibited a lesser suppression. Thus, it can be 
concluded that azo bonds are more susceptible to degra-
dation by hydroxyl radicals as compared to the aromatic 
rings.

8.1 � Mechanism of degradation of dye

Several studies have reported the increased degradation 
percentage with the increase in time of exposure of dye and 
AgNP complex in sunlight [54, 55]. The reaction did not occur 
in the absence of AgNPs and even in the presence of nano-
particles in dark [56]. The reaction in the absence of sunlight 
confirmed the importance of sunlight in the catalytic activity 
of synthesized nanoparticles. There are two processes, which 
are involved in the photocatalytic decomposition of dyes, 
i.e. adsorption and decomposition. The mechanism of deg-
radation of dye could probably be attributed to the surface 
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Fig. 11   A schematic illustration of the mechanism for formation and stabilization of AgNPs using orange peel. a Redox reaction showing 
mechanism of mechanism of reduction of Ag+ ions to Ag0 by ellagic acid, b capping and stabilization of AgNPs
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plasmon resonance (SPR) effect. The excitation of SPR occurs 
due to oscillating charge density propagating at the inter-
face between nanoparticles and dielectric medium [57]. The 
mechanism is similar to the one proposed in the study [58]. 
Ag+ also shows the similar activity as Cd ions. When nano-
particles are exposed to sunlight, the photons hit the surface 
and electrons get excited. The oxygen molecule dissolved in 
the reaction medium accepts the electrons released from 
the particle surface and gets converted into oxygen anion 
radicals. These radicals break the organic dye into simple 
organic molecule, which results in the degradation of dye 
[59]. Since the process of photocatalysis takes place on the 
surface of AgNPs, enhancing the surface area available for 
photocatalysis can have crucial impact on its ability to cata-
lyse the process. The photocatalytic degradation mechanism 
occurring on the catalyst surface can be explained through 
the following set of reactions (Eqs. 1–9):

(1)Ag + h� → Ag
{

e−(CB) + h+(VB)
}

(2)h+ + OH−
→

⋅OH

(3)h+ + H2O →
⋅OH

(4)O2 + e− →
⋅OH−

2

(5)
⋅O−

2
+ H−

→ HO⋅

2

(6)HO⋅

2
→ O2 + H2O2

(7)H2O2 + e− → OH− + ⋅OH

(8)H2O2 + O2 → OH−+⋅OH + O2

(9)⋅O−
2
∕⋅OH + dye → Degraded Product

Fig. 12   Time-dependent UV–Vis spectra for the catalytic degradation of Congo red dye using AgNPs a in the absence of sunlight, b in the 
presence of sunlight and c the plot of lnA0/At versus time for the degradation of congo red
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8.2 � Kinetics of degradation of dye

The kinetics of the sunlight assisted photocatalytic 
degradation of dye was studied with the help of Lang-
muir–Hinshelwood model. The linear form of the model 
is expressed in the form of Eq. 10:

where A0 is the initial concentration of dye and At is the 
concentration of dye at time t, slope (k) is the rate constant 
of the reaction and t is the irradiation time.

The rate of reaction was determined by plotting a 
graph between ln (A0/At) versus reduction, and slope of 
the graph depicts the rate of reaction. The order of the 
reaction was found to be of pseudo-first order, and the 
rate constant calculated from the slope of the graph was 
found to be 0.2028 h−1 (Fig. 12c).

9 � Conclusions

In the study, AgNPs were prepared using green route 
and stabilized in the presence of orange peel extract. 
The concentration of peel extract influenced not only 
the size, PDI and FWHM but also had an effect on col-
loidal stability of nanoparticles. According to the UV–Vis 
data obtained, KExt/Ag = 5.0 is the most optimum concen-
tration for obtaining nanoparticles of higher stability. 
A considerable increase in the intensity of the UV–Vis 
spectrum peak was observed in the presence of extract, 
which indicates synthesis of large number of nanopar-
ticles. FESEM images confirmed the role of peel extract 
in the synthesis of silver nanoparticles. The morphology 
and composition of AgNPs are in good agreement with 
those reported by Gonzalez et al. [60]. The hydrodynamic 
diameter of the AgNPs was found to be smallest at pH 10 
and 45 °C temperature, and therefore, it was concluded 
that the optimum condition for the maximum stability 
of nanoparticles was found to be at pH 10 and 45 °C tem-
perature. Orange peel is not only cost-effective but is 
also readily available and hence provides a cheap and 
easy method to synthesize stable silver nanoparticles, 
which can be further used for various applications. Syn-
thesized and stabilized AgNPs exhibited good antimicro-
bial activity against bacteria Pseudomonas syringae and 
Psedomonas aeruginosa and fungi Alternaria brassicicola. 
The AgNPs were also capable of degrading Congo red 
dye efficiently and exhibited higher catalytic activity. 
Thus, greener route for synthesis of nanoparticles could 
be used for making comparatively better antimicrobial 
and catalytic agent for various purposes.

(10)ln
(

A0∕At

)

= kt
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