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Silver nanoparticles (Ag NPs) can be produced from various 
approaches including physical, chemical, and biological ap-
proaches. However, green synthesis methods are simple, efficient, 
and eco-friendly methods and provide relatively more stable na-
noparticles. In the current investigation, Ag NPs have been syn-
thesized utilizing Citrullus colocynthis fruit extract as a reducing, 
capping, and stabilizing agent. Then, Ag NPs were characterized 
through various classification methods to investigate their size, 
purity, stability, degree of crystallinity, structure, and optical properties. The impact of different parameters including concentra-
tion of AgNO3, pH, and reaction temperature on the biosynthesized Ag NPs and corresponding surface plasmon resonance 
(SPR) behavior were investigated intensively. This study showed that increasing pH values cause tightening the SPR peaks, and 
therefore, obtaining monodisperse NPs. On the other hand, increasing the reaction temperature increased the band gap of NPs 
and, thus, reduced the size of NPs. However, the agglomeration state and later the stability of the biosynthesized Ag NPs are 
increasing with increasing the AgNO3 concentration. This investigation, exceptional and unique, confirms that reaction pH, the 
reaction temperature, and the precursor concentration play important roles in the formation process of NPs. Through selective 
combination of these trio, one can produce Ag NPs with desired structural, morphological, and optical properties which can be 
suitable for different applications. 
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I. INTRODUCTION 
Recently, nanoscience has appeared as a new field of sci-

ence and its applications have grown rapidly and remarkably 
throughout the world. Nanoscience is the investigation of 
constructions and performance of molecules in the nanome-
ters size, i.e., between 1 and 100 nm [1]. On the other hand, 
the technology that employs the nanomaterials in real-world 
requests, for instance, expedients and other applications is 
named nanotechnology. “Nano” refers to a Greek word 
means “dwarf” or rather small things and means one thou-
sand millionths of a meter (10−9 m) [2]. We are seeing nano-

technology offers novel technologies in various fields such 
as molecular diagnostics [3], drug delivery [4], imaging [5], 
solar cell [6], catalysis [7], and sensing [8]. 

 
Figure 1: Top-down and bottom-up methods. 
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Nanoparticles (NPs) can be synthesized in general from 
two different approaches, i.e., ‘‘Top-Down’’ and ‘‘Bottom-Up’’ 
methods. Top-down approach comprises the breaking down 
of the bulk material into nanosized constructions or subdivi-
sions whereas bottom-up method denotes to the accumula-
tion of a material from the bottom: atom-by-atom, mole-
cule-by-molecule, or cluster-by cluster (Figure 1). 

Numerous preparation approaches have been employed 
for NPs formation together with controlling construction and 
dimension. Although all of these methods are capable of 
producing NPs, there is still a need for some improvements 
in the development procedures, through which good results 
and effective yields can be obtained. Figure 2 shows the 
production of NPs through numerous approaches. 

NPs can be synthesized by several methods, so that phys-
ical, chemical, and biological methods are among the com-
mon methods. Choosing an environmentally friendly solvent, 
as a good reducing, capping and safe stabilization agents is a 
key factor for synthesizing NPs. Although physical and 
chemical approaches are superior in terms of creating stable 
nanostructures of uniform size, they do not achieve the goal 
of long-term sustainability. The biological/green method, in 
turn, is a safe, biocompatible, and environment-friendly 
method for synthesizing NPs through utilizing plants and 
microorganisms. Green or biological methods for synthesiz-
ing NPs can be carried out through fungi, algae, yeast, bac-
teria, and plants. Diverse fragments of plants such as leaves, 
fruits, roots, stem, seeds have been used for synthesizing 
numerous NPs owing to the existence of phytochemicals, 
which acts as reducing, capping and stabilizing agent. These 
phytochemicals can, also, regulate the size and morphology 
of the NPs which can be utilized in numerous applications. 

Several factors, for example the nature of a plant extract, 
temperature, reaction time, reaction pH, concentration of a 
metal ion and plant extract are affecting the shape, dimen-
sion and stability of the NPs. Increasing pH values, for in-
stance, leads to formation of bigger particle size with more 
precise crystalline sizes. This is more likely due to the 
available natural phytochemicals in the plant extract, which 
influence their aptitude to bind and reduce metal cations and 
anions in the sequence of NPs formation.  

The green method has been used for synthesizing silver 
(Ag) NPs in numerous previous studies. Awwad and Salem 
used Mulberry leaf extract as a capping and reducing agents 

for synthesizing Ag NPs [9]. Banerjee et al. shows the status 
of synthesizing Ag NPs from extensively obtainable Indian 
plants [10]. Khalil et al. synthesized Ag NPs utilizing olive 
leaf extract and the investigate antibacterial activity of the 
Ag NPs [11]. Sun et al. synthesized Ag NPs utilizing tea leaf 
extract and then evaluated their steadiness and antibacterial 
activity [12]. Kamalakannan et al. biologically synthesized 
Ag NPs utilizing Argemone mexicana leaf extract as well as 
investigated their antimicrobial activities [13]. Shaik et al. 
utilized Origanum vulgare L. extract for synthesizing Ag 
NPs and investigated their microbicide activities [14]. Khan 
et al., biosynthesized Ag NPs from plant extract, bacteria 
and fungi [15−17]. They have shown that the biosynthesized 
Ag NPs can be utilized as an operative growth inhibitor for 
numerous pathogenic microorganisms and appropriate to 
control microbial systems.  

In the current investigation, Citrullus colocynthis fruit ex-
tract has been used for synthesizing Ag NPs. The reason 
behind selecting Citrullus colocynthis fruit extract is be-
cause Citrullus colocynthis fruit is very rich in oil and phy-
tochemicals. The dominant phytochemical in this extract is 
flavonoids which are responsible for donating accessible 
hydrogen to the metallic ion, which results in zero-valent 
NPs when their OH groups are transformed from the 
enol-mold to the keto-mold. 

The impact of pH, reaction temperature, and AgNO3 con-
centration on the shape, size, optical properties, purity, and 
crystalline structure were investigated. The novelty of this 
study is that Ag NPs can be synthesized from a one-pot re-
action without using any exterior stabilizing and reducing 
agent, which is not conceivable by means of the existing 
processes. This study, also, is rare and distinctive, and it 
demonstrates that the process of the NPs formation, in gen-
eral, is not clear and there are many parameters affecting the 
structural, chemical, and optical properties of the NPs. Here, 
only the impact of pH, reaction temperature, and AgNO3 
concentration were investigated. 

II. MATERIALS AND METHODS 
A. Citrullus colocynthis fruit extract preparation 

The Citrullus colocynthis fruit (Figure 3), commonly 
called Bitter Apple in English and locally called Guzhark, 

 

Figure 2: Representation chart for the production of NPs by nu-
merous approaches. 

 

Figure 3: The photograph of Citrullus colocynthis fruit in (a) the 
field and (b) transverse half cut section. 
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was collected in Erbil, 36.1901° N, 43.9930° E, in the north 
of Iraq. The Citrullus colocynthis fruit extract preparation 
was as follows: 30 g of fresh Citrullus colocynthis fruit was 
washed using distilled water to eliminate all the dirt, cut into 
fine pieces, and sodden in a flask alongside with 100 mL of 
distilled water. The mixture was heated at 50°C for 30 min 
(Figure 4). After that, the mixture was permitted to cool 
down to room temperature and strained with a filter paper to 
eliminate undesirable organic materials. 

B. Synthesis of silver nanoparticles 
In general, this study aimed to prepare Ag NPs using a 

green synthesis method. Citrullus colocynthis fruit extract 
was used as reducing, capping, and stabilizing agents, and 
AgNO3 with different concentrations (0.1−0.5 g) was used 
as an Ag ions source. In addition, sodium hydroxide, NaOH, 
was utilized to control the reaction pH. Different pH values 
between pH 6 and 10 was employed to study the impact of 
the pH on the Ag NPs. All of the utilized chemicals were 
purchased from Sigma Aldrich.  

The preparation process of the Ag NPs was as the follows. 
First, 0.2 g of AgNO3 was liquefied in 50 mL of double dis-
tilled water and was stirred for 20 min at 60°C. 50 mL of 
Citrullus colocynthis fruit extract solutions were added 
drop-by-drop to the liquefied AgNO3 solution. The solutions 
with the pH between 6 and 10 were prepared to assess the 
effect of the pH. The final mixtures were heated on the hot 
plate and stirred at 60°C for 40 min until the color of the 
mixtures changed brown. The precipitates were acquired by 
centrifugation at 7000 rpm for 25 min, and then heated in a 
muffle furnace at 500°C for 40 min to eliminate all contam-
inants and organic materials around the Ag NPs. Second, the 

other samples with different pH values were prepared using 
the above-mentioned procedure. Third, the amount of 0.1 to 
0.5 g of AgNO3 was liquefied in 50 mL of double distilled 
water, and the solution was stirred for 20 min at 60°C. Then, 
50 mL of Citrullus colocynthis fruit extract solutions were 
added dropwise to liquefied AgNO3, while the pH value was 
fixed at pH 8 for all of the samples. The final mixtures were 
heated on the hot plate and were stirred at 60°C for 40 min 
until the color of the mixtures changed brown. The precipi-
tates were acquired by centrifugation at 7000 rpm for 25 
min and heated at 500°C for 40 min. Figure 5 shows the 
process for the synthesis of Ag NPs. 

C. Characterization techniques 
To investigate the crystalline structure of prepared Ag 

NPs, X-ray diffraction (XRD) (PAnalytical X’ Pert PRO, Cu 
Kα = 1.5406 Å) was used. The skimming rate was 1° min−1 
in the 2θ range between 20° and 80°. In addition, the optical 
properties of the Ag NPs samples were studied utilizing the 
double beam ultraviolet-visible (UV-Vis) spectrometer (Su-
per Aquarius Spectrophotometer-1000) with a deuterium 
and tungsten iodine lamp in the range of 200 to 900 nm at 
room temperature. Morphology of the samples were studied 
through the scanning electron microscopy (SEM) (Quanta 
450). The elemental composition of the Ag NPs was deter-
mined by energy-dispersive X-ray spectroscopy (EDX) im-
plemented in the SEM instrument. The composition and 
organic molecules around the Ag NPs were analyzed using 
Fourier-transform infrared (FTIR) (Perkin Elmer) spectro-
photometer in the acquisition range of 400−4000 cm−1. 

III. RESULT AND DISCUSSION 
A. Characterization of Citrullus colocynthis fruit 

extract 
1. UV-Vis analysis 

UV-Vis absorption spectroscopy is the most widely used 
technique, which is useful for pre-identification of the 
available phytochemicals in the utilized fruit extract. Most 
of the available phytochemicals in the plant extracts can be 
screened at a wavelength range between 200 and 400 nm. 
These phytochemicals can be utilized as reducing, capping, 

and stabilizing agents for the fabrication of the 
Ag NPs. These phytochemicals have active 
functional groups, such as hydroxyl, aldehyde, 
and carboxyl units, which are playing essential 
parts in providing synergistic chemical reduc-
tion power for the reduction of Ag ions into 
Ag0.  

Many studies reported the presence of vari-
ous phytochemicals in Citrullus colocynthis 
fruit [15, 16]. The qualitative and quantitative 
analysis documented that flavonoid in Citrul-
lus colocynthis fruit extracts is probably the 

 

Figure 4: Preparation process of Citrullus colocynthis fruit extract. 

 

Figure 5: Schematic diagram of the Ag NPs preparation. 
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dominant available phytochemical. Figure 6 show the 
UV-Vis spectra of Citrullus colocynthis fruit extract. Citrul-
lus colocynthis fruit extract possesses a maximum UV peak 
at 319 nm. This peak is most likely associated to quercetin, a 
plant flavanol from the flavonoid group. As show in the in-
set of Figure 6, quercetin possesses several OH groups 
which are responsible for reducing Ag ions to zero-valent 
Ag, while the other groups are responsible for capping and 
stabilizing the Ag NPs [17]. 

2. FTIR analysis 

FTIR spectroscopy was utilized to determine the func-
tional group present in the fruit extract. An FTIR spectrum 
commonly have two regions; the functional group region 
(1800−4000 cm−1) and the fingerprint region (0−1500 cm−1). 
The FTIR spectrum for Citrullus colocynthis fruit extract is 
shown in Figure 7. Citrullus colocynthis fruit extract exhib-
its several peaks between 4000 and 400 cm−1. 

It is known that the synthesis of NPs using green methods 
can be, in general, done through three different stages:  
First, the available phytochemicals in Citrullus colocynthis 
fruit extract, precisely the OH groups (Figure 7), involve in 
in the Ag+-to-Ag0 reduction. This stage is known as a reduc-
ing stage. In our case, the peak at 3263 cm−1 is attributed to 
the O−H stretching and, compared with other peaks, it is the 
most intense and broad peak. This is not surprising, since the 
UV-Vis analysis showed that Citrullus colocynthis fruit ex-
tract contains the quercetin compound which has several OH 
groups. One of the advantages of the green synthesis method 
is that, in many cases, a reducing agent behaves simultane-
ously as a capping agent. Therefore, the necessity for an 
exterior capping agent is omitted. The second stage is the 
nucleation and growth stage, where the reduced Ag0 atoms 
agglomerate to form the NPs. A piece of the material nucle-
ates and grows in response to its reaction conditions, while a 
minor change of the condition, for instance the solution pH, 
can cause an entirely different mechanism [18]. The peak at 
2130 cm−1 is assigned to the C−H stretching, indicating the 
capping agent in the plant extract. The final stage is the sta-
bilization stage. Here, the available secondary metabolites in 
the extract are responsible for the stabilization of the NPs. In 
general, the green synthesized NPs are more stable than the 

other NPs synthesized by the traditional methods. The peak 
at 1613 cm−1 corresponds to the C=O group. This peak rep-
resents the stabilizing agent in the plant extract. The com-
prehensive mechanism of formation of the Ag NPs using 
plant extract can be found in our previous investigation [19]. 
Different sizes and shapes of metallic NPs can be effectively 
produced by means of phytochemicals by varying the pro-
ducing factors of the pH, the temperature, the incubation 
time, and the slat/plant concentration. 

B. Characterization of green synthesized Ag NPs 
1. UV-Vis analysis 

The reaction pH of the mixture, i.e., the Ag ion solution 
and the plant extract, has a great impact on the synthesizing 
process of the Ag NPs. Formation of the Ag NPs was exam-
ined at different pH values by changing the amount of added 
NaOH to the mixture. The pH of the suspension was moni-
tored by the end-point of the reaction. The reaction pH af-
fects morphology and dimension of the NPs and, thereby, 
UV-Vis absorption spectra of the Ag NPs. This can be ex-
plained, since inadequate protection of the NPs surface 
causes the larger NPs formation but with improved crystal-
lite sizes. In this study, the pH values of 6, 7, 8, 9, and 10 
were chosen to study the effect of pH on morphology, size, 
band gap, crystalline size, pureness, and steadiness of the 
green synthesized Ag NPs using Citrullus colocynthis fruit 
extract. The reaction temperature and the time were fixed at 
60°C and 50 min, respectively, during these reactions.  

Figure 8(a) shows UV-Vis absorption spectra at different 
pH values. The peak maxima are 440, 441, 441.8, 442, and 
444 nm for pH 6, 7, 8, 9, and 10, respectively. Surprisingly, 
the peak maximum shifts towards the longer wavelength 
side with increasing the reaction pH value. Singh et al. [20] 
stated that the biosynthesized Ag NPs at different pH values 
show a different surface plasmon resonance (SPR) behavior. 
The current study showed that the increase of the pH value 
resulted in narrowing of the SPR peaks. This is a clear indi-
cator for obtaining monodisperse NPs at higher pH values. 
Further increase in the reaction pH to 10 causes an increase 
in the SPR peak intensity, which is considerably narrowed 
and red-shifted to about 444 nm. This, in turn, can be clari-

 

Figure 6: UV-Vis spectra for Citrullus colocynthis fruit extract. 

 

Figure 7: FTIR spectrum of Citrullus colocynthis fruit extract. 
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fied, because increasing the reaction pH by adding NaOH 
would provide more ions to the medium and, thus, increase 
the rate of reduction of metal ions. The higher reduction rate 
of metal ions causes the creation of larger particles in the 
medium and, thus, the redshift occurs. The outcomes of this 
study allow a better view of how the pH affects the for-
mation of the Ag NPs in the reaction with Citrullus colo-
cynthis fruit extract. We show how the reaction rate is al-
tered with pH and, hence, how the SPR peak position, the 
size, and the shape of the NPs change. This will allow to 
more accurately determine the effect of pH on this type of 
the reaction and to obtain colloids of a precise size. On the 
other hand, the hyperchromic shift within increasing the NPs 
size can be attributed to the size dependence of the sprin-
kling rate of the conduction electrons on the surface of the 
NPs [21]. Moreover, as the NPs size increases, the sprin-
kling rate of the conduction electrons decreases and the SPR 
wavelength increases. Similar results have been reported by 
many researchers [22, 23]. 

Figure 8(b) shows UV-Vis absorption spectra at various 
pH values at 70°C. The impact of increasing the reaction 
temperature is obvious, leading extra redshifts of the SPR 

peaks. The peak maxima are 442, 443, 444, 445, and 446 nm 
for the pH values of 6, 7, 8, 9, and 10, respectively. Numer-
ous studies highlighted the clear impact of the temperature 
on the shape, the size, and morphology of NPs [24, 25]. The 
present investigation showed that increasing the reaction 
temperature could also accelerate the NPs formation reac-
tion. Increasing the reaction temperature leads to increasing 
the band gap of NPs and, hence, decreasing the NPs size. 
This is more likely due to the increase of the reduction rate 
of the Ag+ ions, which is followed by homogenous nuclea-
tion of the Ag atoms. The process of increasing the temper-
ature of the reaction is not absolute because we are talking 
about the nanoscale, incredibly sensitive to an unimaginable 
degree. Moreover, there are many factors that interfere the 
increase of the system temperature, or in other words, the 
system's entropy. The evaporation of the mixture must be 
also taken into account because the mixture is aqueous and 
contains a large amount of water [26]. 

Figure 8(c) shows UV-Vis absorption spectra using 50 
mL of Citrullus colocynthis fruit extract at 60°C and pH 10 
with different AgNO3 concentrations of 0.1, 0.2, 0.3, 0.4, 
and 0.5 g. Increasing the concentration of the metal ion 

 
Figure 8: UV-Vis spectra of the green synthesized Ag NPs at various pH values (6−10) at 60°C (a) and 70°C (b) and with various metal ion 
concentrations (0.1−0.5g) at pH 10 and 60°C (c). 

 
Figure 9: Energy band gap of the Ag NPs at various pH values (6−10) at 60°C (a) and 70°C (b) and with different metal ion concentrations 
(0.1−0.5g) at 60°C and pH 10 (c). 
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leads to an increase in the particle size, which will be dis-
cussed later in the SEM analysis. The maximum SPR wave-
length is obtained at the highest concentration, i.e., 0.5 g 
AgNO3. Moreover, the highest concentration gives the peak 
with highest absorbance. On the other hand, the concentra-
tion of the metal ions has a clear impact on the broadness of 
the absorption peaks, due to the formation of the polydis-
perse Ag NPs. This is explainable because the availability of 
more metal ions in the medium with a fixed amount of the 
OH groups lead to uncontrollable nucleation and growth and, 
hence, formation of polydisperse NPs. Another consequence 
is that the higher AgNO3 concentration would result in the 
increase in the agglomeration state and, hence, the stability 
of the biosynthesized Ag NPs. Similar results have been 
reported by other researchers [27, 28].  

The energy band gap of the green synthesized Ag NPs 
was evaluated by the Tauc plot by assuming the lined ratio 
of the UV-Vis curve. Figure 9 shows the effect of changing 
the reaction pH, the temperature, and the metal ion concen-
tration on the band gap of the green synthesized Ag NPs 
using Citrullus colocynthis fruit extract. The increase in the 
reaction pH leads to the increase in the band gap of the NPs 
[Figure 9(a, b)]. This was predictable because the pH has a 
great impact on the size of the NPs and because the energy 
band gap depends largely on the size. In general, the energy 
band gap of the NPs is affected by various parameters such 
as the composition of NPs, the phase construction, particle 
dimension, surface functional groups, crystallinity, surface 
defects, and so on. Figure 9(b) indicates that the band gap 
increases with increasing the reaction temperature from 60 
to 70°C if the solution pH is maintained. This is more likely 
due to the fact that the NPs size decreases with increasing 
the reaction temperature. In a similar study, Kaviya et al. 
[29] observed, using the orange peels for synthesizing Ag 
NPs, the influence of the temperature on the size of the NPs. 
They discovered that 35 nm Ag NPs were synthesized at 
approximately 25°C and that the size of the Ag NPs was 
reduced to 10 nm after increasing the reaction temperature. 
Moreover, Park et al. [30] found that higher temperatures 
led to the consumption of more metal reactants and faster 
production of smaller NPs.  

Figure 9(c) shows the impact of the AgNO3 concentration 
on the band gap of biosynthesized Ag NPs at 60°C and pH 
10. Five different concentrations from 0.1 to 0.5 g were 
examined. The trend is relatively different; the band gap 
increases from 0.1 to 0.2 g, while it decreases dramatically 
from 0.3 to 0.5 g. The decrease in the band gap is related to 
the increase in the particle size. This can be explained as a 
result of the presence of the defect-induced energy levels 
among the conduction and valence bands, more explicitly 
the energy levels not far from the conduction band. These 
narrow levels can reduce the actual band gap for minor par-
ticles, if their density is higher. 

2. FTIR analysis 

FTIR spectroscopy was originally utilized to observe the 

functional groups that bonded on the Ag NPs surface and 
were involved in the creation of the Ag NPs. Figure 10 
shows the FTIR spectra between 4000 and 500 cm−1 of the 
Ag NPs synthesized by Citrullus colocynthis fruit extract at 
different conditions. It is seen from Figure 10(a, b) that the 
band at around 3500 cm−1, which corresponds to the O−H 
stretching vibrations, depends on the pH. Otherwise stated, 
the increase of the reaction pH value leads to decreasing the 
broadness of this peak. This result is consistent with the 
UV-Vis analysis, since the higher reaction pH value pro-
duces smaller NPs and, hence, less OH groups on the sur-
face. Similar analysis results have been obtained in previous 
studies [31−33]. On the other hand, the broad O−H stretch-
ing vibrations are obtained with 0.1, 0.3, and 0.5 g AgNO3 
concentrations (Figure 10c). This trend is totally different 
from that with 0.2 and 0.4 g AgNO3. A weak band at around 
2900 cm−1 corresponds to C−H stretching of alkanes [34]. It 
appears that this peak is neither affected by the reaction pH 
values nor by the AgNO3 concentration. This is more likely 

 

Figure 10: FTIR spectra of the biosynthesized Ag NPs at various 
pH values (6−10) 60°C (a) and 70°C (b) and with different metal 
ion concentrations (0.1−0.5g) at 60°C and pH 10 (c). 

https://doi.org/10.1380/ejssnt.2023-010


 

 
e-J. Surf. Sci. Nanotechnol. 21, 61−71 (2023) | DOI: 10.1380/ejssnt.2023-010  67 

due to the nature of the C−H bond. According to the FTIR 
analysis of Citrullus colocynthis fruit extract (Figure 7), this 
band corresponded to the capping agent. Therefore, the ag-
glomeration state is almost the same in all of the reaction pH 
values and the AgNO3 concentrations. This can be further 
discussed in the SEM analysis section (Section III.B.4). The 
strong band at around 1500 cm−1 [Figure 10(a, b)] is as-
signed to C=O stretching and is also less affected by chang-
ing the reaction pH values. As have mentioned in Figure 7, 
this band is associated with the stabilizing agents. The ap-
pearance of this band with this clarity is a good indicator 
that the synthesized Ag NPs are stable regardless the reac-
tion pH vales. However, the impact of the AgNO3 concen-
tration on this peak [Figure 10(c)] is different; the peak be-

came broader at 0.2 g AgNO3 concentration, whereas an 
extra tiny peak appeared at the larger wavenumber side 
when 0.1, 0.4, and 0.5 g AgNO3 concentrations were utilized. 
This is probably the decrease in the constancy of the Ag NPs 
within these conditions. This will be supplementary dis-
cussed in Section III.B.4. The peaks around 1000 cm−1 des-
ignate the existence of C−N stretch aliphatic amines. These 
band are, more or less, affected by the reaction pH values 
[Figure 10(a, b)]. On the other hand, in the case of changing 
the AgNO3 concentration [Figure 10(c)], these two peaks are 
merged to a single peak at the concentrations other than 0.2 
g. This is probably owing to providing more nitrogen atoms 
to the reaction medium and, hence, forming stronger C−N 
stretch peaks. The peak at around 600 cm−1 belongs to the 
C−Br stretching vibration, representing the alkyl halides 
group. 

3. XRD analysis 

To classify the crystalline dimension and structure of the 
green synthesized Ag NPs, XRD analysis was implemented 
in the 2θ angles range between 20° and 80°. Figure 11 
shows that all samples possess, regardless of the reaction pH 
value and the concentration on the AgNO3 precursor, four 
diffraction peaks at 38.01°, 44.34°, 65.52°, and 77.30°, 
which are related to (111), (200), (220), and (311) planes of 
Ag NPs, respectively. The lattice constant measured from 
this arrangement has been estimated to be a = 4.0850 Å, 
which is close to the typical value a = 4.0686 Å from the 
JCPDS file No. 04-0783. According to these (hkl) planes of 
the crystal, there is the supplementary indication that Ag is 
crystallized in the face-centered cubic structure. The results 
of this study were consistent with the previously reported 
investigations [19, 35]. The average crystalline size of the 
Ag NPs can be calculated using the Debye-Scherrer formu-
la: 𝐷𝐷 = 𝐾𝐾𝐾𝐾/(𝛽𝛽 cos𝜃𝜃), where K is the Scherrer constant 
with values of 0.9−1 (the shape factor), λ is the X-ray wave-
length, β is the full width at half maximum of the XRD 
peaks, and θ is the Bragg angle. The regular crystalline di-
mension of the Ag NPs for different reaction pH values at 
60°C were around 54, 48, 42, 41, and 34 nm for the pH 
vales of 6, 7, 8, 9, and 10, respectively [Figure 11(a)]. On 
the other hand, the average sizes at 70°C were about 50, 43, 
39, 36, and 24 nm for the pH vales of 6, 7, 8, 9 and 10, re-
spectively [Figure 11(b)]. The average crystalline size of the 
Ag NPs for the different AgNO3 concentrations at 60°C and 
pH 10 were around 31, 23, 39, 44, and 44 nm for the AgNO3 
concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 g, respectively 
[Figure 11(c)]. It is worth noticing that the difference be-
tween the XRD spectra in Figure 11(c) and those in Figure 
11(a, b) is extra XRD peaks with the AgNO3 concentrations 
of 0.1 g and 0.4 g. This is more likely owing to the contribu-
tion of other compounds that are formed within these con-
centrations and have a crystalline structure. It can be stated 
that the (111) plane is dominant in all cases and possesses 
the highest intensity. This is the clear indicator that the ori-
entation of the crystal growth is mainly along the (111) 

 

Figure 11: XRD patterns of the green synthesized Ag NPs at var-
ious pH values (6−10) at 60°C (a) and 70°C (b) and with different 
metal ion concentrations (0.1−0.5g) at 60°C and pH 10 (c). 

https://doi.org/10.1380/ejssnt.2023-010


 

 
e-J. Surf. Sci. Nanotechnol. 21, 61−71 (2023) | DOI: 10.1380/ejssnt.2023-010  68 

plane.  
The correlation between the XRD analysis (Figure 11) 

and the FTIR analysis (Figure 10) indicates that the smaller 
abundance of the OH group in various pH at 60 and 70°C 
with different metal ion concentrations leads to the for-
mation of the exotic peaks in the XRD spectrum. These ex-
otic peaks, precisely with the 0.1 and 0.4 g salt concentra-
tions, are more likely belong to AgNO3 rather than the for-
mation of Ag NPs. 

4. SEM analysis 

The average particle dimension of the resultant Ag NPs 
samples and surface morphology of the particles have been 
studied utilizing the SEM analysis. The Ag NPs were pro-
duced by using Citrullus colocynthis fruit extract as reduc-
ing, capping, and stabilizing agents at different reaction pH, 
reaction temperature, and AgNO3 concentrations. Figure 12 
shows SEM images of the Ag NPs for the above-mentioned 
conditions. It can be easily observed that, apart from pH 6, 
the particle sizes of the Ag NPs are in nanoscale. Surpris-
ingly, even after increasing the reaction temperature to 70°C, 
the particle sizes are still above the standard range of nano-

particles, i.e., 1−100 nm, at pH 6. Unattainability of the pre-
cise particle size at pH 6 to the reaction temperatures of 60 
and 70°C is most probably due to the insufficient number of 
the reducing agents and, hence, the particle size is beyond 
the required limit [20]. It can be noticed from the regular 
particle dimension histogram utilizing the imageJ software 
that the average size of the particles at pH 6 is approximate-
ly 134 and 107 nm at 60 and 70°C, respectively. Figure 12 
also shows that, at the reaction temperatures of 60 and 70°C, 
the average particle size is reduced with increasing the reac-
tion pH vales. However, this size reduction is more noticea-
ble at 70°C than 60°C. This is more likely due to the accel-
eration in the reduction process and, hence, the formation of 
relatively smaller NPs. The combination between the pH 
and the temperature determines the size and the shape of 
these NPs, suggesting the importance of the role of thermal 
agitation in the efficiency of the nucleation process and the 
growth of NPs [36]. In general, the Ag NPs are stable under 
pH 8 and they start to agglomerate at the pH greater than 8. 
This is more likely due to the functional obstruction of bio-
molecules, mainly proteins, which can effortlessly adapt the 
NPs surface characteristics and prevent them from agglom-

 
Figure 12: SEM images of the Ag NPs at different pH values at 60°C (a) and 70°C (b) and with different AgNO3 concentrations at 60°C and 
pH 10 (c). 
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eration. Accordingly, the temperature increase leads to an 
increase in both the plasmonic bands and the rate of for-
mation of NPs. This feature is characteristic of the formation 
of NPs, which leads to the decrease in their average size, 
given by the contribution that the nucleation rate of NPs 
increases with temperature. These consequences specify that 
the influence of temperature not only impacts the reaction 
rate but also affects the morphologies of the Ag NPs in the 
plasmonic mediated reaction. Another important point, 
which should be highlighted here, is that the reaction tem-
peratures were fixed at 60 and 70°C. This can be directly 
related to the formation of the spherical shape of the Ag NPs. 

This, in turn, might be explained utilizing the Gibbs free 
energy, Δ𝐺𝐺 = Δ𝐻𝐻 − 𝑇𝑇Δ𝑆𝑆 , where Δ𝐻𝐻  is the enthalpy 
change and Δ𝑆𝑆 is the entropy alteration. The spherical Ag 
NPs possess a higher surface area to the volume ratio than 
the other shapes and, therefore, it is more likely to generate 
smaller entropy and smaller heat of formation. The precise 
reaction at a low temperature causes the spherical NPs, be-
cause |Δ𝐻𝐻| is greater than |𝑇𝑇Δ𝑆𝑆| at lower temperatures. 
Conversely, the reaction at a high temperature results in the 
formation of none-spherical NPs, because |𝑇𝑇Δ𝑆𝑆| is greater 
than |Δ𝐻𝐻| at higher temperatures [37].  

We have shown that the monodispersed NPs can be pro-

 
Figure 13: EDX analysis of the Ag NPs at different pH values at 60°C (a) and 70°C (b) and with different AgNO3 concentrations at 60°C and 
pH 10 (c). 

https://doi.org/10.1380/ejssnt.2023-010


 

 
e-J. Surf. Sci. Nanotechnol. 21, 61−71 (2023) | DOI: 10.1380/ejssnt.2023-010  70 

duced when the reaction temperature is 60°C and that the 
polydisperse NPs are formed at 70°C (Figure 8). This is 
most probably due to the acceleration of the nucleation rate 
and thus the provision of different sized NPs.  

The SEM analysis [Figure 12(a, b)] confirms these results 
and the agglomeration state is more noticeable at 70°C than 
60°C. This is extremely important, because we can control 
the NPs with desired shapes and sizes by adjusting these 
parameters. The average particles size ranges between 134 
and 52 nm at the pH values between 6 and 10 at 60°C 
[Figure 12(a)] and between 107 to 47 nm at the pH values 
between 6 to 10 at 70°C [Figure 12(b)]. Figure 12(c) de-
scribes the impact of the AgNO3 concentration on the di-
mension and morphology of the biosynthesized Ag NPs at 
pH 10 and 60°C. It can be noticed that the average particles 
size is highly affected by the precursor concentration. Simi-
lar results have been found by Manosalva et al. [38]. Our 
results indicate that the increase in the AgNO3 concentration 
leads to the increase in the particles size. This is probably 
due to more Ag ions in the reaction medium so that the nu-
cleation and growth rates increases and, hence, the particle 
size increases. This result is, in turn, in an excellent agree-
ment with the previously studies [39]. Another important 
point one can observed from Figure 12(c) is that the ag-
glomeration state is, relatively, higher comparing with those 
in Figure 12(a, b). This is again related to the inconsistent 
number of the Ag ions with the reducing agents which leads 
to uncontrollable nucleation and growth process. Figure 
12(c) shows that the average particles size ranges between 
54 and 78 nm for the AgNO3 concentrations between 0.1 
and 0.5 g at pH 10 and 60°C. 

The correlation between the structural XRD analysis 
(Figure 11) and morphological SEM analysis (Figure 12) 
indicates that the Ag NPs synthesized at various pH at 60 
and 70°C possesses higher degree of crystallinity than the 
Ag NPs synthesized at different metal ion concentrations. 
Thus, the foreign peaks, which belong to AgNO3 rather than 
the Ag NPs, are responsible for the irregular nucleation and 
growth process and, hence, the increase in the degree of 
agglomeration. 

5. EDX analysis 

The elemental composition of the green synthesized Ag 
NPs was studied by the EDX analysis (Figure 13). This 
characterization is also significant because it provides the 
purity of the green synthesized Ag NPs. The energy of char-
acteristic X-rays allows qualitative analysis to verify the 
elements that consist the sample, and the quantitative analy-
sis is possible from the X-ray intensity to evaluate the 
amounts of the composite elements. For almost all the sam-
ples, silver and gold exit in the samples. The only significant 
difference among the samples prepared by different condi-
tions is the peak intensity. The higher the intensity, the 
smaller the particle size, and this can be clearly noticed in all 
cases. According to Figure 13, the quality of the Ag NPs is 
high and there is no mentionable contamination in the sam-

ples. The existence of gold in all samples is owing to the 
SEM sample preparation; the samples were coated with a 
very thin layer of gold (100 Å) to improve the quality of the 
SEM images. Analogous analysis has been found in a pre-
viously reported investigation [40]. 

IV. CONCLUSIONS 
In this investigation, Ag NPs were synthesized effectively 

through a green method utilizing Citrullus colocynthis fruit 
extract as reducing, capping, and stabilizing agents. The 
synthesis of the Ag NPs was carried out at different reaction 
pH values, different reaction temperatures, and different 
precursor concentrations. Various characterization tech-
niques have been employed to study morphology, purity, 
crystallinity, and structural and optical properties of the bio-
synthesized Ag NPs. It was found that, at 60°C, the increase 
in the pH values led to narrowing the SPR peaks and, hence, 
obtaining monodisperse NPs at higher pH values. On the 
other hand, the increase in the reaction temperature led to 
increasing the band gap of the NPs and, hence, decreasing 
the NPs size. Moreover, the increase in the concentration of 
AgNO3 led to increasing the agglomeration state and, hence, 
the stability of the biosynthesized Ag NPs. The FTIR analy-
sis confirms that Citrullus colocynthis fruit extract is a good 
medium for synthesizing the Ag NPs, since it acts as reduc-
ing, capping, and stabilizing agents. The XRD analysis re-
veals that the biosynthesized Ag NPs are crystallized in the 
face-centered cubic structure and possess high crystallinity. 
Also revealed in this study is that the average crystalline 
size of the Ag NPs for different reaction pH values decreases 
with increasing the pH vales at both 60 and 70°C. Mean-
while, the average crystalline size increases with increasing 
the AgNO3 concentrations. The SEM analysis shows that the 
average particle size decreases with increasing the reaction 
pH vales at 60 and 70°C. However, this decrease is more 
noticeable at 70°C than 60°C. It is also revealed that Citrul-
lus colocynthis fruit extract within selected pH and temper-
ature values can produce spherical Ag NPs, which possess a 
higher surface-to-volume ratio than the other shapes and, 
therefore, it is more likely to generate a lower entropy and a 
lower heat of formation. The EDX analysis showed that the 
quality of the Ag NPs is high and there is no mentionable 
contamination in the samples. 
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