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Abstract 
Green synthesis of nanoparticles using naturally occurring biomolecules is an efficient, cost-effective, and eco-
friendly procedure. In this study, the synthesis of iron nanoparticles is reported by using aqueous extracts of almond 
seed skin, grape seeds, and pomegranate peels. These extracts work as reducing, stabilizing, and capping agents. In 
aqueous extracts of each sample, 0.1 M iron sulfate solution was added drop-wise which turned the color of the 
solution to black. This indicated the successful synthesis of iron nanoparticles. The synthesized nanoparticles were 
extracted from their respective colloidal solutions by centrifugation and characterized by suitable characterization 
techniques including SEM, UV-visible, and FT-IR spectroscopy. UV-visible spectra of iron nanoparticles showed 
significant differences from the extracts and from the iron sulfate solution. This indicated the successful synthesis of 
iron nanoparticles and their surface capping with biomolecules. The SEM micrograph revealed that the shape of 
nanoparticles was spherical; The average sizes of grape seeds extract, almond skins extract, and pomegranate peels 
extract iron nanoparticles were 72.95±3.28 nm, 79.31±2.37 nm, and 77.19±1.84 nm diameter, respectively. The FT-
IR spectroscopic study revealed that the most probable compounds involved in the capping and stabilizing of the 
nanoparticles are phenols/polyphenols, carboxylic acid derivatives, amino acids, and aliphatic/aromatic amines. 
These iron nanoparticles coated with biomolecules may be further analyzed for their anti-oxidant and anti-cancer 
activity. 
Keywords: almond seed skin; pomegranate peels; grape seeds; Scanning Electron Microscopy; FT-IR spectroscopy.  
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Анотація 
Екологічно чистий синтез наночастинок з використанням природних біомолекул є ефективною, економічно 
вигідною та екологічно чистою процедурою. У цьому дослідженні описано синтез наночастинок заліза з 
використанням водних екстрактів шкірки мигдалевого насіння, виноградних кісточок і гранатової шкірки. 
Ці екстракти діють як відновлювачі, стабілізатори та капсульовані агенти. До водних екстрактів кожного 
зразка додавали по краплях 0.1 М розчин залізного купоросу, який забарвлював розчин у чорний колір. Це 
свідчило про успішний синтез наночастинок заліза. Синтезовані наночастинки були виділені з відповідних 
колоїдних розчинів центрифугуванням і охарактеризовані за допомогою відповідних методів, включаючи 
СЕМ, УФ- та ІЧ-спектроскопію. УФ-спектри наночастинок заліза показали значні відмінності від екстрактів та 
розчину сульфату заліза. Це свідчить про успішний синтез наночастинок заліза та покриття їх поверхні 
біомолекулами. SEM-мікрофотографія показала, що форма наночастинок була сферичною; середній розмір 
наночастинок заліза з екстракту виноградних кісточок, екстракту мигдальної шкірки та екстракту шкірки 
граната становив 72.95±3.28 нм, 79.31±2.37 нм та 77.19±1.84 нм в діаметрі, відповідно. ІЧ-спектроскопічне 
дослідження показало, що найбільш ймовірними сполуками, які беруть участь у покритті та стабілізації 
наночастинок, є феноли/поліфеноли, похідні карбонових кислот, амінокислоти та аліфатичні/ароматичні 
аміни. Ці наночастинки заліза, вкриті біомолекулами, можуть бути додатково проаналізовані на предмет 
їхньої антиоксидантної та протиракової активності. 
Ключові слова: шкірка мигдалевих кісточок; гранатові кірки; виноградні кісточки; растрова електронна мікроскопія; 
ІЧ-спектроскопія; Фур'є-спектроскопія. 
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Introduction 
The wide range of characteristics of metal 

oxides along with the exceptional properties of 
their nanoparticles (NPs) are the center of 
attention for researchers. These inorganic solids 
are being extensively explored these days. The 
applications of transition metal oxides in industry 
have been reported recently; such molecules play 
a substantial part in environmental remediation 
and medication. Due to these extensive 
applications, metal oxide NPs are being focused 
upon currently in the field of nanoscience and 
nanotechnology [1]. 

To obtain a variety in morphologies and sizes, 
several schemes of synthesis including 
hydrothermal method, vapor deposition method, 
seed-mediated technique, microwave-assisted 
synthesis, spray pyrolysis, and wet chemical 
approach were used to prepare metal oxide NPs 
[1; 2]. However, the research interest of scientists 
has shifted from conservative synthetic routes to 
biosynthetic approaches where microorganisms 
or biowastes could be employed for synthesizing 
the NPs. Various molecules and surfactants may 
act as capping agents to impart useful 
characteristics to the NPs in terms of their shapes, 
sizes, and surfaces thereby preventing 
aggregation [1–5]. Biological compounds of 
natural origin have been recognized to actively 
participate in the synthesis of NPs with numerous 
shapes and sizes [2]. Utilizing waste products in 
this regard proves to be dually beneficial in terms 
of cost minimization, making the synthetic route 
cost-effective and limiting the requirement of 
hazardous chemicals for synthesis; therefore, 
stimulating “green synthesis” [6]. The biological 
potential of these organic compounds is proven 
against cancerous situations, diabetes, 
thrombosis, obesity, and other progressive 
diseases; these compounds perform their role as 
reducing and capping agents [3–9]. 

Iron-oxide NPs belong to a vital classification of 
NPs, which possess many applications in different 
fields of science due to their unique properties [2; 
4]. According to the literature, the polysaccharides 
found in the water extract of Sargassum muticum 
helped to reduce the ferric chloride solution. This 
process resulted in the creation of ferric oxide 
(Fe3O4) NPs which were cubic from a 
morphological aspect and their mean diameter 
was 18 ± 4 nm [3]. In another work, tea waste was 
used to produce magnetic iron oxide (Fe3O4) NPs 
having 5 nm to 25 nm size and (pyramid) cuboid 
morphology [5–8]. Samarawickrama et al. 
investigated the green synthesis of FeNPs using an 

aqueous extract of Murraya koenigii leaves where 
they focused on the synthesis mechanism, 
characterization, and antibacterial activity of 
FeNPs [10]. Similarly, Tyagi et al. reported the 
green synthesis of FeNPs from spinach leaf and 
banana peel aqueous extracts and evaluated their 
antibacterial potential [11]. Ardakani et al. 
reported the green synthesis of iron-based NPs 
using Chlorophytum comosum leaf extract 
highlighting their effectiveness in methyl orange 
dye degradation and antimicrobial properties 
[12]. Similarly, Buraki et al. explored the green 
synthesis of iron oxide NPs using Hibiscus rosa-
sinensis flowers and assessed their antibacterial 
activity [13]. 

The aim of this research project is to develop 
NPs that can effectively purify aqueous samples 
[5–8].  

 

Results and discussion 
Synthesis of Iron nanoparticles. Aqueous 

extracts of almond skins, grape seeds, and 
pomegranate peels were obtained, as shown in 
Figure 1 (a). Following the dropwise addition of 
0.1 M iron sulfate solution into the extracts, the 
color of each solution changed from reddish-
brown to black, indicating the successful synthesis 
of FeNPs, as shown in Figure 1 (b). Numerous 
studies have reported the green synthesis of 
FeNPs, commonly characterized by a color change 
to black, confirming the formation of required NPs 
[10-11, 14]. Biomolecules present in the extracts 
might have played an important role as reducing 
and capping agents [6-8, 14]. The synthesized NPs 
were collected from their colloidal solutions 
through centrifugation, as shown in Figure 1 (c). 
After the removal of nanoparticles, the color of the 
solutions becomes transparent (Figure 1 (d)). 

Characterization of iron nanoparticles. After the 
reaction with iron sulfate solution, the change in 
color of each extract was quantified by taking UV-
Vis spectra in the range of 200–500 nm. The 
spectra of all the extracts before the reaction 
exhibited two larger and broader bands in the 
range of 230–295 nm, as shown in black lines in 
Figure 2 (a), (b), (c). The literature survey shows 
that these bands presumably correspond to 
phenolic compounds, flavanols anthocyanins, etc. 
[7]. Therefore, it can safely be stated that the 
synthesized FeNPs are rich in these classes of 
compounds. Another larger band at 385 nm was 
observed in the case of pomegranate peels (PP) 
extract, as shown in Figure 2 (c), whereas very 
small bands at 400 nm were observed in the case 
of almond skin (AS) and grape seeds (GS) extracts, 
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shown in Figure 2 (a) and (b), respectively. These 
signals showed enhancement and shift of 5 nm – 

15 nm towards the longer wavelength after the 
reaction with iron sulfate solution.  

 

 
 

Fig. 1. (a) Aqueous extracts of grape seeds, almond seed skins, and pomegranate peels; (b) Synthesized FeNPs after 
reaction with iron sulfate solution; (c) centrifugation for extraction of FeNPs; (d) Color of solution after removal of 

FeNPs 
 

Particularly, in the case of almond skin extract 
FeNPs (AS. FeNPs), the band at 230 nm shifted 
towards 245 nm, and the band at 280 nm to 
295 nm, as shown by the red line in Figure 2 (a). In 
the case of grape seeds extract FeNPs (GS. FeNPs) 
the band at 240 nm shifted to 245 nm and the 
signal at 280 nm moved to 295 nm, as shown by 
the red line in Figure 2 (b). Whereas, in the case of 
pomegranate peel extract FeNPs (PP. FeNPs) both 
bands in the extract were already present at 245 
nm and 295 nm, therefore they retained their 
positions but the signals appearing at 385 nm 
showed enhancement and shift to 400 nm, as 
shown by the red line in Figure 2 (c). 
Samarawickrama et al. observed a UV-Vis 
absorption signal in the case of FeNPs synthesized 
from the aqueous extract of Murraya koenigii 
leaves within the range of 240-310 nm [10]. 
Similarly, Tyagi et al. reported a UV-Vis spectra for 
spinach- and banana-derived FeNPs showing 
signals at 240 nm, 270 nm, and 395 nm [11]. These 
findings in the literature are consistent with the 
results presented in this study and further support 
the results obtained in our case. After removal of 

FeNPs from these extracts, the bands either faded 
again and shifted towards shorter wavelengths or 
completely disappeared, as shown by the green 
lines in Figure 2 (a), (b), (c), which indicates that 
the associated biomolecules present in the 
extracts were utilized for the synthesis of FeNPs. 
Similar studies have been reported which confirm 
the results obtained in the present [6–8, 15]. 

The UV-Vis spectra of FeNPs obtained from 
almonds, grapes, and pomegranates, were found 
to be almost similar and had characteristic bands 
at 245 nm, 295 nm, and 400 nm, as shown in 
Figure 2 (d). When comparing the results with the 
spectrum of iron sulfate solution, it was observed 
that the signal at 225 nm boosted and shifted to 
245 nm, whereas, the signal at 295 nm remained 
at the same position but enhanced expressively. 
However, a new signal at 400 nm was also 
observed in the spectra of FeNPs. Thus, the spectra 
of FeNPs possessed significant differences from 
the parent extracts and iron sulfate solution, 
indicating successful synthesis of FeNPs and their 
surface capping with biomolecules.  
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Fig. 2. UV-Vis spectra of aqueous extracts (black lines), synthesized FeNPs (red lines), and after removal of FeNPs 
(green lines); (a) from almond seed skins; (b) from grape seeds; (c) from pomegranate peels; (d) comparison of 

spectra of FeNPs with each other and iron sulfate solution (blue line) 
 

Morphology and size distribution of FeNPs 
synthesized from grapes seeds extract (GS. FeNPs), 
almond skins extract (AS. FeNPs) and pomegranate 
peels extract (PP. FeNPs), were characterized using 
Scanning Electron Microscopy (SEM), as shown in 

Figure 3 (a), (b) and (c), respectively. Micrographs 
of all three types of FeNPs confirmed the successful 
synthesis of spherical shape nanoparticles.  Arrows 
in the figure indicating different nanoparticles 
highlight their spherical shape.  

 

 
 

Fig. 3. SEM micrograph of FeNPs; (a) from grape seeds extract; (b) from almond seed skins extract; (c) from 
pomegranate peels extract 

 

The sizes were measured using Image J 
software [16], with twenty readings taken from 
each image. The data was then analyzed using 
OriginPro software with the Gauss-Fit tool. The 
average sizes of grape seeds extract, almond skins 

extract, and pomegranate peels extract FeNPs 
were 72.95±3.28 nm, 79.31±2.37 nm, and 
77.19±1.84 nm diameter, respectively, as shown 
in Figure 4 (a), (b) and (c). 
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Fig. 4. Statistical data analysis for particle size determination of (a) Grape Seeds extract FeNPs (b) almond skins 
extract FeNPs (c) pomegranate peels extract FeNPs, through OriginPro software by applying Gauss-Fit tool 

 

Gupta et al. analyzed the morphology of FeNPs 
using SEM and TEM, revealing their spherical 
shape with a particle size range of 30–70 nm [14]. 
Similarly, Samarawickrama et al. recently 
reported the size of FeNPs in the nanoscale range, 
exhibiting a spherical shape [10]. Another study 
reported the synthesis of spherical shape FeNPs 
with an average size of 36 nm using rooibos tea 
extract [17]. All these studies are consistent with 
our findings and comparison with them supports 
the results of this study.  

The FT-IR spectra of (AS. FeNPs), (GS. FeNPs), 
and (PP. FeNPs), and their extracts before the 
reaction, were recorded and presented in Figure 5 
(a), (b), and (c). A significant difference was 
observed when the FT-IR spectra of NPs were 
compared with their original extracts, as shown in 
Figure 5. The appearance of well-defined signals at 
466 cm-1 and 617 cm-1 in the case of GS. FeNPs 
(Figure 5 a), 466.7 cm-1 and 607 cm-1 in PP. FeNPs 
(Figure 5 b), and 467 cm-1, 546 cm-1, and 606 cm-1  
in case of AS. FeNPs (Figure 5 c) confirmed the 
synthesis of FeNPs. The results were compared 
with the research data, which were in agreement 
with the literature [7; 15].  

The FT-IR spectra provide information about 
possible biomolecules present on the surface of 
FeNPs [6; 7]. The spectra revealed that all three 
types of FeNPs were almost similar, as shown in 
Figure 5 (d). Compared to previously published 
data, signals obtained at 3620 cm-1 and 3160 cm-1 
correspond to the -OH stretching vibrations of 
hydroxyl groups, signals at 3520 cm-1 and 
3300 cm-1 are due to -NH stretching vibrations of 
primary aliphatic amines, signal at 1556 cm-1 
corresponds to the amide II linkage, mainly 
associated with -NH- bending vibrations and -CN- 
stretching vibrations, whereas the signal at 1660 
cm-1 corresponds to amide I linkage due to 

stretching vibration of -CO- group [6–8; 18; 19]. In 
the case of PP. FeNPs the band at 1710 cm-1 
corresponds to the -CO- stretching vibrations of 
the carboxylic group, the band at 1425 cm-1 
corresponds to -OH bending of carboxylic acid 
functional group,  band at 1345 cm-1 correlates 
with C-N stretching mode of aromatic amine and 
signal at 1075 cm-1 corresponds to C-O-C 
stretching and -OH bending vibrations of phenols. 
These findings are consistent with the data in the 
literature[6–8; 18]. Thus, the FT-IR spectroscopic 
study revealed that the most probable compounds 
involved in the capping and stabilization of NPs 
are phenols/polyphenols, carboxylic acids and 
their derivatives, amino acids, aliphatic and 
aromatic amines. 

 

Experiment 
Preparation of the extracts. Analytical grade 

iron sulfate (FeSO4) was purchased from Sigma-
Aldrich. All solutions were prepared in deionized 
water. Fresh almonds, grapes, and pomegranates 
were purchased from the local market in 
Abbottabad, Pakistan. Almond seeds were soaked 
in deionized water for 3-4 hours and their skins 
were peeled off and dried in an oven at 70 °C for 1 
hour, as reported by Pan Z et al., (2020) [7]. Grape 
seeds and pomegranate peels were washed with 
deionized water and dried in an oven at 70 °C for 
4 hours. Each of these was ground into powdered 
form in a homogenizer. An aqueous extract of each 
of these i.e. almond seed skins, grape seeds, and 
pomegranate peels, was prepared by boiling 2 g 
powder of each in 200 ml of deionized water until 
the final volume reached 100 ml [7]. Thereafter, 
solid residue was removed by filtration, and 
extracts were stored at 4 ⁰C following the 
methodology adopted by Ismail E. H et al., (2014) 
[8].  
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Fig. 5. The FT-IR spectra of (a) grape seed extracts and their FeNPs; (b) pomegranate peels extract and their FeNPs; 
(c) almond seed skins extract and their FeNPs; (d) comparison of FeNPs of all three extracts and their FT-IR signals 

                                                   

Synthesis of iron nanoparticles. Iron sulfate 
(FeSO4) solution of 0.1 M, was added dropwise in 
100 ml solution of each (almond seed skins, grape 
seeds, and pomegranate peels) extract, with 
constant stirring at room temperature, until the 
color of the solution turned black, indicating the 
synthesis of FeNPs, as reported previously by Pan 
Z et al., (2020) [6; 7]. Extraction of NPs from the 
colloidal solution was carried out by 
centrifugation at 14000 rpm for 15 minutes, 
washed with distilled water, and dried in open air 
according to the described procedure [8]. 
Characterization of iron nanoparticles. The 
Morphology and size distribution of FeNPs were 
obtained by field emission Scanning Electron 
Microscopy (SEM) at different magnifications with 
an accelerating voltage of 20 kV. The data were 
analyzed using ImageJ software, and statistical 
analysis was performed using OriginPro Software. 
The UV-visible spectra of the extracts, before and 
after the reaction with iron sulfate (FeSO4) 
solution, were recorded. Fourier transform 
infrared spectra (FT-IR) of extracts and 
synthesized FeNPs were obtained to analyze the 
surface of nanoparticles. The FT-IR spectra were 
recorded using a Thermo Nicolet iS50-6700 FT-IR 
spectrophotometer (Vienna, Austria). The 

instrument is ATR, which allows the direct sample 
application. Therefore, the samples were directly 
placed on the dock (sample compartment). No 
sample disc preparation was necessary in this 
process. The associated software in the computer 
setup connected to the instrument was used to set 
the wavenumber range, and the sample spectrum 
in each case was recorded after baseline 
correction by giving commands to the computer 
software. 

 

Conclusion 
We synthesized iron nanoparticles from 

aqueous extracts of almond seed skins, grape 
seeds, and pomegranate peels without using any 
reducing agents. Biomolecules present in the 
extracts might have played an important role in 
capping and reducing agents. The SEM micrograph 
revealed the successful synthesis of spherical 
shape iron nanoparticles with diameters of 
72.95±3.28 nm for grape seeds extract, 
79.31±2.37 nm for almond skins extract, and 
77.19±1.84 nm for pomegranates peels extract. 
The FT-IR spectroscopic study revealed that the 
most probable compounds involved in the capping 
and stabilization of nanoparticles are 
phenols/polyphenols, carboxylic acids and their 
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derivatives, amino acids, and aliphatic/aromatic 
amines. 

In the future, these iron nanoparticles may be 
studied further as anti-cancer agents, adsorption, 
and catalysis. 
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