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Abstract  

Abstract. The moringa extract leaves extract has been used for green synthesis of silver 

nanoparticles. The impact of temperature on the production of silver nanoparticles and the 

reduction of silver ions was studied. Applying heat improves green synthesis, where at a 

relatively low temperature of 40 °C, it was clear that silver ion reduction occurred rapidly 

by the appearance of a strong surface plasmon resonance (SPR) peak at around 430 nm 

according to analysis of the ultraviolet and visible spectra in compared to the other 

temperatures that were under study (60 and 80ºC). whereas higher temperatures (60,80°C) 

are necessary for the efficient production of silver nanoparticles, where smaller 

nanoparticles are formed as a result of the reactants being rapidly consumed at higher 

temperatures. Also it was found that the UV spectrum showed that a rise in temperature can 

cause a variation in the shape and position of peak formation around 430 nm. Analysis 

using X-ray diffraction confirmed that the produced solutions included silver nanoparticles 

with a crystalline structure in the face-centered cubic (FCC) phase. As the temperature 

increased from 40 to 80 ºC, the crystals saw a decreases   in average particle size.  The 

growth mechanism and aggregation process are affected by temperature changes, as 

demonstrated by the SEM results, with silver nanoparticles assuming mostly spherical 

shapes with different dimensions depending on the temperature at which the reaction 

occurs. 
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1. Introduction 

Nowadays, nanoscience is a prominent field of study that provides opportunities for basic and 
practical research in all areas of cognitive science. Numerous properties set nanomaterials 
apart from their bulk counterparts, such as size, visual effects, chemical reactivity, physical 
strength, electrical conductance, and magnetism [1]. Due to the wide range of possible 
applications in biological, optical, and electrical fields, nanoparticle research is currently a 
highly pursued scientific field. Between bulk materials and molecular (atomic) structures, 
nanoparticles provide a thin bridge [2]. Nanoscale materials consist of a single grain with all 
atoms oriented in a crystal lattice, while bulk materials contain random grains that are 
independently oriented in space and touch each other across grain boundaries. For this reason, 
the physical properties of bulk materials remain constant [3]. Although chemical and physical 
methods are highly effective in producing well-defined nanoparticles, they have certain 
disadvantages, including high production costs, release of toxic byproducts, long synthesis 
times, and difficult purification [4]. Due to the growing awareness of the need to dispose of 
toxic and hazardous waste caused by climate change and global warming, the green synthesis 
approach has led to significant advances in scientific research [5]. As the name suggests, 
nanoparticle biosynthesis helps synthesize very complex reactions within minutes, and this 
has drawn attention to the requirement of environmentally friendly technologies in materials 
science [6]. The unique qualities of silver nanoparticles, including high conductivity, 
chemical stability, catalytic activity, surface-enhanced Raman scattering, and antibacterial 
activity, have attracted great interest in the field of nanotechnology research [7]. Silver is a 
common catalyst for the oxidation of methanol to ethylene oxide and formaldehyde. Because 
it partly requires an electrically conductive surface, its colloidal nature makes it useful as a 
substrate for surface-enhanced spectroscopy. Silver is a popular antibacterial agent in modern 
times. Recently, there has been a focus on the fabrication of silver nanoparticles to combat 
antibiotic resistance arising from drug use [8]. Green synthesis of AgNPs using different 
biological agents such as plants, bacteria, fungi, algae and yeast is an economical, easy and 
environmentally friendly method without generating any toxic byproducts. In recent years, 
both microbes and plants have been extensively investigated for the green synthesis of 
AgNPs[9]. A reducing biological agent and a silver metal ion solution are essential for the 
green synthesis of AgNPs. There is typically no need to add external capping and stabilizing 
agents because reducing agents or other components already present in the cells function as 
these substances' stabilizing and capping agents [10]. The use of plants for nanoparticle 
synthesis could have an advantage over other biological processes by eliminating the complex 
process of maintaining cell cultures [11]. Moringa leaves have medicinal properties as the 
plant extracts of these leaves have shown strong antioxidant and antibacterial properties 
against both Gram-positive and Gram-negative bacteria [12]. The aim of this study the 
investigation of oleifera leaf extract use in the synthesis of AgNPs and to examine the effect 
of temperature on the structural, optical and morphological characterization of silver nano-
partical using moringa extract obtained by chemical reduction of AgNO3 

  2- Materials and Methods 

2-1 Preparation plant extract of M. oleifera leaf 

Following collection and washing in double distilled water to remove any dust, moringa 
leaves were dried in a dark room for two weeks before being ground into a powder. After 
drying, 10 g of each sample was ground into powder using a mortar and pestle and blender, 
and then added to 100 mL of distilled water using a magnetic stirrer for 1 h at room 
temperature. The mixtures were then stirred for an entire day on an orbital shaker. The filtrate 
is taken and then sterilized using 0.4 micrometer bacterial filters. and the clear solution is 
placed. In the dryer, at a temperature of 35 °C until the extract dries, then a weight of (1 
gram) is taken from the dry extract, and the volume is added to 100 ml of distilled water as 
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shown in Figure1.Thus, a stock solution with a concentration of 10,000 ppm is obtained, 
which is mixed with a magnetic mixer for 15 minutes until dissolution. Complete the extract 
and from this solution the rest is prepared concentration. 

Figure 1 preparation processes of extract of M. oleifera leaf 

2.2-Synthesis of silver nanoparticles 

For preparation (1) ml of silver nanoparticles (Ag NPs), a 4 mM silver nitrate (AgNO3) 

solution with a capacity of 100 mL was prepared. Then, at room temperature (28.0 ± 2.0 °C), 

5 ml of AgNO3 solution add to 1 ml of    M. oleifera, then reduce the mixed solution in 100 

ml of distilled water. After that, the mixture was left overnight at 30°C on a magnetic stirrer 

rotating at 150 rpm. And then the plant extract, reduction of silver nitrate to silver 

nanoparticles, and color change from yellow to red then brown in aqueous solution. Silver 

nanoparticles were prepared by varying the temperature. Where 10 ml of silver nitrate was 

added to the concentration obtained in the first stage to 1 ml of Moringa plant at a temperature 

of 20oC. This mixing process was repeated for several more degrees (40, 60, and 80) oC. Then 

we take the best nano size at the best temperature by conducting tests (FESEM, XRD, FTIR, 

and UV-Vis. ) for each temperature.   

 

 

 

2-3 Characterization of silver nanoparticles 

 A Japanese-made SHIMADZU UV-2600 UV-Vis spectrometer was used to record the 

absorbance spectrum (190-1100 nm) of the synthesized silver nanoparticles. The phase purity 

of synthesized silver nanoparticles was determined using XRD analysis (SHIMADZU Japan) 

40 kV. Current: 30 mA. Speed: 8 deg /min. Range (10 - 80oC). FTIR spectroscopy (FT-IR 
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Shimadzu-8400 max resolution 4cm-1, S/N ratio: 30000:1, the spectra range is 4000-400 cm-

1) provides information on the functional groups present in nanoparticles, enabling us to 

determine the transformation of silver nanoparticles from the inorganic compound AgNO3 to 

elemental silver. The spectra were scanned at a resolution of 4 cm−1 throughout the range of 

4000–400 cm−1. To carefully examine the very fine topography a field emission scanning 

electron microscope (FESEM) instrument was used. 

3. Results and discussion   

UV-vis spectroscopy was used in this study to observe the bio reduction of silver ions to 

AgNPs. Measurements of UV-Vis absorption in the 300–800 nm region can offer a thorough 

understanding of the optical characteristics of the generated nano sized silver particles. Figure 

1 displays the ultraviolet (UV) absorption peaks of silver nanoparticles (Ag NPs) synthesized 

by M. oleifera at several temperatures (40, 60, and 80 °C). This figure shows that, the changes 

in the intensity of the SP resonance band are strongly affected by the synthesis temperature. 

The solution combination at temperatures of 60 and 80 °C exhibited a little peak (311.08,   

298.2 nm) respectively, but the UV-vis spectra at 40 °C had a strong surface Plasmon 

resonance (SPR) peak at around 430 nm. UV spectra showed that at lower temperatures, the 

wavelength was higher, Conversely, at higher temperatures, the wavelength changed to a 

lower value, which led to the synthesis of smaller silver nanoparticles. It indicates that 

reactants are quickly consumed at higher temperatures, leading to the creation of smaller 

nanoparticles [13]. 

 

Figure 1 UV-visible absorption peak of M. Oliefera synthesized silver nanoparticles at 

different temperature 

Figure 2 displays XRD patterns of AgNp thin layer prepared using the process of green 

synthesis and deposited by drop casting on glass substrates. The X-ray diffraction pattern of 

the Ag nanoparticles generated at various temperatures is shown in the Figure, along with the 

corresponding data in Table 5.2. The sample (40oC) exhibited many Bragg reflection peaks 

with 2θ values and planes; 29.386o (210), 32.3591o (122), 34.754o(111), 41.873o(200), and 

48.270o (231) as determined by indexing based on the face-centered cubic structure.  The 

sample was measured at a temperature of 60 oC. The values of 2θ were found to be 38.278o 

(111), 44.447o (200) 64.614o(220) and 77.578o(311) of the face centered cubic (fcc) crystal 

structure of Ag NPs. While the measured 2θ angles for the sample at a temperature of 80°C 

were 29.56°(210), 32.76°(122), and 35.42°(111) of the face centered cubic (fcc) crystal 
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structure of Ag NPs. The indexing was done using the Standard on Powder Diffraction data 

(JCPDS, file No. 04-0783). There are additional peaks found before the angle 28º, which are 

caused by the phytochemical components present in the extract. These chemicals are 

responsible for decreasing the silver ions, and this result is in agreement with previous studied 

[14]. The XRD data unambiguously demonstrated the crystalline character of the Ag 

nanoparticles produced using the extract. The average size of the Ag nanoparticles formed is 

around 54.75 nm, 45.809 nm, and 35.99 nm at temperatures of 40°C, 60°C, and 80°C, 

respectively, the crystalline size reduced as the temperature increased as shown in table 1, and 

this result is consistent with the analyzes of the UV-Vis spectra. This is attributed to the 

completion of the silver ion reduction process, which reduces the agglomeration of the 

nanoparticles and increases their diffusion, thus increasing the synthetic stress that Nano-

crystals suffer, which causes the lattice to shrink and the crystal size decreases accordingly, 

and this is entirely consistent with the results obtained from ref. [15].  

 

 

 

 

 

 

 

 

 

 

 

Figure 2  

XRD patterns of Ag NPs prepared at different temperature. 

Table 1 The stricture parameter of Ag NPS at different temperature. 
 

Sample at 

T oC 

2θ (degree) d(exp.) FWHM I/Io. D (nm) Lattice 

constant 

40 29.386 3.03699 0.177 50.84 51.50919 (210) 

32.3591 2.76441 0.184 100.00 51.10952 (122) 

34.754 2.57923 0.19 10.96 50.88569 (111) 

41.873 2.15566 0.20 16.50 56.55768 (200) 

48.270 1.88387 0.23 10.72 63.71144 (231) 

Average of crystalline size (nm) 54.7547  

60 38.278 2.34949 0.269 100.00 37.61493 (111) 

44.447 2.03664 0.26 44.49 42.78867 (200) 

64.614 1.44128 0.29 25.83 63.82887 (220) 

77.578 1.22961 0.29 29.02 39.0053 (311) 

Average of crystalline size (nm) 45.80944  

80 29.56 3.01922 0.49 55.79 18.63831 (210) 

32.760 2.73151 0.22 83.46 42.93733 (122) 

35.424 2.53197 0.21 64.74 46.41877 (111) 

Average of crystalline size (nm) 35.99814  
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The figure 3 shows the variations in particle sizes, forms, and morphologies of Ag NPs which 

formed on the surface of M. oliefera at various temperatures (40, 60, and 80oC). The sizes of 

the silver nanoparticles ranged from 12 to 103 nm, were spherical in shape and highly 

dispersed for different temperatures. We observed a particle size of 12.05 nm at 40 °C, 31.13 

nm at 60 °C, and 103 nm at 80 °C.  

In other words, when temperature increases, the size of particles increases. As the reaction 

temperature rises, the AgNO3 molecules might undergo degradation, resulting in a reduction 

in size of the silver nanoparticles. Consequently, the nanoparticles exhibit enhanced efficacy. 

As the temperature rises, the size of the particles increases, resulting in a smaller variety of 

sizes [16] 

 

 

Figure 3 SEM images of AgNPs with M. oleifera at different temperature (a)40 oC, (b)60 
oC, (c) 80 oC. 

 we conducted FTIR analysis on AgNO3 solutions with concentrations 4 mol at (40ºC) as 

optimal temperature. Functional groups have been seen in the 500–4000 cm-1 range. As 

shown in the figure 4, FTIR analysis showed significant peaks (3402.43, 1377.17, 823.6) cm-

1, The peaks seen at 3402.43 and 3415.93 cm-1 are associated with the stretching vibrations of 

the hydroxyl (OH) functional group, which is found in alcohols and phenolic compounds. The 

presence of carbonyl groups (C=O) in protein amides I and II may explain the observed peaks 

at 1377.17, 1693.49, 1414.00, and 1382.96 cm-1. In addition, the stretching vibration band of 

the C=O group and the curving vibration band of the OH group are used in the synthesis of 

AgNPs as a reducing, capping, and stabilizing agent [17]. The presence of a peak at 823.6 

cm-1 suggests that the elongation of the C-O bond might perhaps be attributed to the presence 

of an ether compound [18].  
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Figure 4 

FTIR 

spectroscopy analysis of AgNPS with M. oleifera, at optimal temperature 40 ºC 

 Figure 5 confirms that the Ag NPs produced are mostly composed of silver nanoparticles. 

Whereas, according to the energy dispersive X-ray (EDX) result, most of the major 

components showed intense peaks of Ag (76.23%) at 3.0 Kev and O (23. 77%).These 

components likely play a role in stabilizing plant extracts and encapsulating biomolecules; In 

addition, they may be related to components found in plant proteins 

 

(Figure 5) Energy dispersive x-ray (EDX) analysis of AgNPs with M. oleifera extracts at 

40ºC 

4. Conclusion 

The fabrication of metal nanoparticles using aqueous plant extracts is taking importance over 

traditional methods of synthesis, especially due to their ease of preparation, low cost and low 

toxicity. The aim of this study, the changing of temperature impact on green synthesis of the 

silver nanoparticle synthesized from the moringa extract. UV spectrum showed that, the 

changes in the intensity of the SP resonance band are strongly affected by the synthesis 

temperature. The solution combination at temperatures of 60 and 80 °C exhibited a little peak 
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(311.08, 298.2 nm) respectively, but the UV-vis spectra at 40 °C had a strong surface 

Plasmon resonance (SPR) peak at around 430 nm.The XRD data unambiguously 

demonstrated the crystalline character of the Ag nanoparticles produced using the extract. The 

average size of the Ag nanoparticles formed is around 54.75 nm, 45.809 nm, and 35.99 nm at 

temperatures of 40°C, 60°C, and 80°C, respectively. the higher degree in temperature, the 

smaller the size of the AgNPs produced. Therefore, it is possible to control the crystalline size 

of nanoparticles by controlling preparation conditions such as temperature and plant type. 

Also, according to the (EDX) result, most of the major components showed intense peaks of 

Ag (76.23%) at 3.0 keV and O (23. 77%). These substances probably stabilize plant extracts 

and encapsulate biomolecules; they might also be connected to substances present in plant 

proteins. 
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