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Abstract

The development of green nanotechnology is generating research interest in the ecological biosynthesis of

nanoparticles (NPs). In this study, the biosynthesis of stable iron nanoparticles was carried out using Phoenix

dactylifera L. extract which is able to reduce iron ions to iron nanoparticles. The process comprises

maceration extraction overnight and heat treatment of the extract with iron chloride (FeCl ) at 70 °C for 1 h.

X-ray diffraction (XRD), scanning electron microscope (SEM), and Fourier transform infrared spectroscopy

(FTIR) were used for nanoparticle characterization. The stability of the bioreduced iron nanoparticle was

analyzed using UV-VIS absorption spectra, and their antioxidant and anti-radical activities were measured

against PhosPhoMolybdate (PPM) and 2,2-diphenyl-1-picryl-hydrazyl (DPPH), respectively. The results

demonstrate that ecological biosynthesis of 2–30 nm stable iron nanoparticles of size with antioxidant

activity can be achieved suggesting their possible applications.
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Introduction

Nanoscience is the study of materials with one or more dimensions in the range of 1–100 nm. These

materials are produced by atom/molecule organization or by the destruction of a macroscopic material.

Nowadays, the manufacturing technology of nanomaterials is growing interest in view of their widespread

use for a variety of applications in many industrial sectors (Darroudi et al., 2014/11; Chaudhuri and Malodia,

2017/11) Among nanomaterials, nanoparticles (NPs) are especially interesting due to their capacity to act as

a bridge between macroscopic materials and atomic structures. Macroscopic materials exhibit constant

properties, regardless of their size and mass. However, the properties of NPs depend on their size due to the

great relative proportion of superficial atoms with respect to their volume. Nanoparticles, because of their

specific and unique properties, are currently being used in many high-tech fields, such as the medical sector

for diagnostics, antimicrobial purposes and drug delivery systems (Parveen et al., 2012/02; Gholami et al.,

2018/06), the electronics and optoelectronics industry (Phillips et al., 2011), the chemical sector for catalysis

(Shiju and Guliants, 2009/03), for the protection of the environment (Ju-Nam and Lead, 2008/08) and the

conversion of energy (Kim et al., 2010/10). In fact, Iron oxide nanoparticles (Fe-NPs) are particularly

interesting in modern nanotechnology research because of their unique properties, which make them fit a

wide range of applications (Teja and Koh, 2009/03; Laurent et al., 2008).

The synthesis of nanoparticles is usually carried out by various chemical methods such as pyrolysis, sol-gel

transition, supercritical fluid synthesis and chemical deposit in steam phase or by a variety of physical

methods such as engraving, mechanical milling, ablation laser, thermal decomposition and lithography

(Muthuchamy et al., 2020; Justin et al., 2017). Most of these methods are expensive and/or require the use of

toxic solvents (Ahila et al., 2018; Sun et al., 2011). On the other hand, great efforts have recently been made

to use environmentally friendly methods for the synthesis of noble metal nanoparticles (Toropov and

Vartanyan, 2019). Such effort has produced the so-called green methods, aiming for providing highly pure

nanoparticles through simple, economic and repetitive techniques.

This is mainly achieved through the use of plant or fruit extracts (Ghodake et al., 2010) and bio-organisms

(Sanghi and Verma, 2009) along with polyphenols, which catalyze the synthesis of nanoparticles thanks to

their unique properties (nucleophilia, reducing character, polarizability, ability to form hydrogen bond,

acidity and ability to chelate metal ions) (Zayed and Eisa, 2014). These green methods are inexpensive, fast,

effective and generally lead to the formation of crystalline nanoparticles with a variety of shapes (spheres,

stems, prisms, plates, needles, leaves or dendrites) and sizes. These characteristics depend mainly on the

parameters used in the process, such as the nature of the plant extract, the relative concentrations of the

extract and the metal salts, the pH, the temperature and the reaction time, as well as the mixing rate of

vegetable extract and metallic salts (Noruzi et al., 2011).

Phoenix dactylifera L. is one of the plants with higher polyphenol content. They are considered bioactive

molecules and act both as a reducing and capping agent. For this reason, it has gained immense popularity

in various fields from therapeutics to food additives. Although its use as an antioxidant additive is restricted,

these properties could lead to the synthesis of nanoparticles with different and unique properties (Bayraktar

et al., 2017; Gajanan et al., 2011).

The overall objective of this work was to study the synthesis of Fe-NPs using Phoenix dactylifera L. extract

and to characterize these nanoparticles using XRD, SEM, UV visible and FTIR to demonstrate that the iron

oxide nanoparticles synthesized by this procedure contain certain compounds with antioxidant activity and

that, therefore, they could be used as natural antioxidant additives in pharmaceutical and food products.
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Section snippets

Materials

Iron(III) chloride hexahydrate 98% (FeCl ·6H O), methanol (CH OH), sulfuric acid (H SO ), sodium

phosphate (Na HPO ), ammonium molybdate ((NH ) PMo O ), 2,2-diphenyl-1-picrylhydrazyl (DPPH),

gallic acid (C H O ), hydrochloric acid (HCl) and dimethyl sulfoxide anhydrous (DMSO) 99.9% (C H SO) were

purchased from Sigma Aldrich. All other chemicals and reagents used in this study were of analytical grade.

The Phoenix dactylifera L. plants were collected from Texebt EL-Oued province, Algeria.…

Phoenix leaf extract and nanoparticle manufacture

The…

Characterization of nanoparticles by X-ray diffraction (XRD)

The aim in this section was to verify whether a larger nanoparticle size, made the composition of the spinel

phase to be closer to that of magnetite, in accordance with the results reported in the literature (Noruzi et

al., 2011; Bayraktar et al., 2017; Gajanan et al., 2011). The X-ray diffractograms of the powders synthesized

by the Phoenix extract at 70 °C and heat-treated at 400 °C are shown in Fig. 1.

The intensity of the diffraction peaks indicates good crystallinity of the nanoparticles.…

Concluding remarks

It is well-known that the chemical and physical synthesis of nanoparticles cannot be easily developed at a

large-scale production due to of several disadvantages, such as the presence of toxic organic solvents, the

production of hazardous by-products and intermediate compounds and high energy consumption. As a

result, alternative biological methods that could be more environmentally friendly and cause no harm to

human and domestic animals health are being developed.

In this work, a green a green …

CRediT authorship contribution statement

J. Amin Ahmed Abdullah: Writing - original draft, Formal analysis. Laouini Salah Eddine: Writing - original

draft, Formal analysis. Bouafia Abderrhmane: Writing - original draft, Formal analysis. M. Alonso-

González: Writing - original draft, Formal analysis. A. Guerrero: Writing - original draft, Formal analysis. A.

Romero: Writing - original draft, Formal analysis.…

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that

could have appeared to influence the work reported in this paper.…

Acknowledgments

This work is part of a project funded by the Spanish Ministry of “Ciencia, Innovación y Universidades”

(RTI2018-097100-B-C21). The authors gratefully acknowledge their financial support. The authors also

3 2 3 2 4

2 4 4 3 12 40

7 6 5 2 6



12‏/7‏/2023 10:57 ص Green synthesis and characterization of iron oxide nanoparticles by pheonix dactylifera leaf extract and evaluation of their …

https://www.sciencedirect.com/science/article/abs/pii/S2352554120302205 4/7

acknowledge the “Cooperación al Desarrollo, Universidad de Sevilla” for the pre-doctoral grant from Johar

Amin Ahmed Abdullah (CODE).…

References (34)

A.A. Ayachi et al.

Monodisperse α-Fe2O3 nanoplatelets: synthesis and characterization

Ceram. Int. (2015)

O. Bayraktar et al.

Nanocarriers for plant-derived natural compounds

Nanostructures for Antimicrobial Therapy(2017)

O. Benavente-Garcıa et al.

Antioxidant activity of phenolics extracted from Olea europaea L. leaves

Food Chem. (2000)

I. Bibi et al.

Nickel nanoparticle synthesis using Camellia Sinensis as reducing and capping agent: growth

mechanism and photo-catalytic activity evaluation

Int. J. Biol. Macromol. (2017)

A. Bouafia et al.

Green synthesis of iron oxide nanoparticles by aqueous leaves extract of Mentha Pulegium L.:

effect of ferric chloride concentration on the type of product

Mater. Lett. (2020/04/15/2020)

M. Darroudi et al.

Superparamagnetic iron oxide nanoparticles (SPIONs): green preparation, characterization and

their cytotoxicity effects

Ceram. Int. (2014/11/01/2014)

G. Ghodake et al.

Pear fruit extract-assisted room-temperature biosynthesis of gold nanoplates

Colloids Surf. B Biointerfaces (2010)

L. Gholami et al.

Green facile synthesis of low-toxic superparamagnetic iron oxide nanoparticles (SPIONs) and

their cytotoxicity effects toward Neuro2A and HUVEC cell lines

Ceram. Int. (2018/06/01/2018)

Y. Ju-Nam et al.

Manufactured nanoparticles: an overview of their chemistry, interactions and potential

environmental implications

Sci. Total Environ. (2008/08/01/2008)

K. Kim et al.

Effects of embedding non-absorbing nanoparticles in organic photovoltaics on power

conversion efficiency

https://www.sciencedirect.com/science/article/pii/S0272884214015491
https://www.sciencedirect.com/science/article/pii/B9780323461528000172
https://www.sciencedirect.com/science/article/pii/B9780323461528000172
https://www.sciencedirect.com/science/article/pii/S0308814699002216
https://www.sciencedirect.com/science/article/pii/S0141813017309303
https://www.sciencedirect.com/science/article/pii/S0167577X20300690
https://www.sciencedirect.com/science/article/pii/S0272884214009456
https://www.sciencedirect.com/science/article/pii/S0927776509004731
https://www.sciencedirect.com/science/article/pii/S0272884218304474
https://www.sciencedirect.com/science/article/pii/S0048969708006943
https://www.sciencedirect.com/science/article/pii/S0927024810003466


12‏/7‏/2023 10:57 ص Green synthesis and characterization of iron oxide nanoparticles by pheonix dactylifera leaf extract and evaluation of their …

https://www.sciencedirect.com/science/article/abs/pii/S2352554120302205 5/7

Sol. Energy Mater. Sol. Cell. (2010/10/01/2010)

View more references

Cited by (95)

Bio-inspired nanoparticles mediated from plant extract biomolecules and their therapeutic

application in cardiovascular diseases: A review

2023, International Journal of Biological Macromolecules

Show abstract

Eco-friendly green synthesis approach and evaluation of environmental and biological

applications of iron oxide nanoparticles

2023, Inorganic Chemistry Communications

Show abstract

Iron-based magnetic nanomaterials: Sustainable approaches of synthesis and applications

2023, Results in Engineering

Show abstract

Physical properties and antibacterial activity of green-iron oxide nanoparticles synthesize with

chia seeds

2023, Chemical Data Collections

Show abstract

Green synthesis of iron oxide nanoparticles derived from water and methanol extract of

Centaurea solstitialis leaves and tested for antimicrobial activity and dye decolorization

capability

2023, Environmental Research

Show abstract

Phytochemical-based approaches for the synthesis of nanomaterials

2023, Emerging Phytosynthesized Nanomaterials for Biomedical Applications

Show abstract

View all citing articles on Scopus

Recommended articles (6)

Research article

https://www.sciencedirect.com/science/article/pii/S0141813023019190
https://www.sciencedirect.com/science/article/pii/S138770032300312X
https://www.sciencedirect.com/science/article/pii/S2590123023002414
https://www.sciencedirect.com/science/article/pii/S2405830023000253
https://www.sciencedirect.com/science/article/pii/S0013935122023994
https://www.sciencedirect.com/science/article/pii/B978012824373200009X
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85085917895&md5=5b3281d699771b323a3ec81dc9bc2faa


12‏/7‏/2023 10:57 ص Green synthesis and characterization of iron oxide nanoparticles by pheonix dactylifera leaf extract and evaluation of their …

https://www.sciencedirect.com/science/article/abs/pii/S2352554120302205 6/7

Green synthesis of iron oxide nanoparticles using Terminalia bellirica and Moringa oleifera fruit

and leaf extracts: Antioxidant, antibacterial and thermoacoustic properties

Biocatalysis and Agricultural Biotechnology, Volume 21, 2019, Article 101354

Show abstract

Research article

Comparison of characteristics and biocompatibility of green synthesized iron oxide

nanoparticles with chemical synthesized nanoparticles

Environmental Research, Volume 201, 2021, Article 111585

Show abstract

Research article

Green synthesis of iron oxide nanoparticles. Development of magnetic hybrid materials for

efficient As(V) removal

Chemical Engineering Journal, Volume 301, 2016, pp. 83-91

Show abstract

Research article

Biogenic synthesis of iron oxide nanoparticles using Agrewia optiva and Prunus persica phyto

species: Characterization, antibacterial and antioxidant activity

Journal of Photochemistry and Photobiology B: Biology, Volume 185, 2018, pp. 262-274

Show abstract

Research article

Super-paramagnetic iron oxide nanoparticles (SPIONs): Greener synthesis using Stevia plant and

evaluation of its antioxidant properties

Journal of Cleaner Production, Volume 208, 2019, pp. 1171-1177

Show abstract

Research article

Green synthesis of iron oxide nanoparticles using Cymbopogon citratus extract and sodium

carbonate salt: Nanotoxicological considerations for potential environmental applications

Environmental Nanotechnology, Monitoring & Management, Volume 14, 2020, Article 100377

Show abstract

View full text

© 2020 Elsevier B.V. All rights reserved.

https://www.sciencedirect.com/science/article/pii/S1878818119311302
https://www.sciencedirect.com/science/article/pii/S0013935121008793
https://www.sciencedirect.com/science/article/pii/S138589471630609X
https://www.sciencedirect.com/science/article/pii/S1011134418303993
https://www.sciencedirect.com/science/article/pii/S0959652618331986
https://www.sciencedirect.com/science/article/pii/S2215153220303597
https://www.sciencedirect.com/science/article/pii/S2352554120302205


12‏/7‏/2023 10:57 ص Green synthesis and characterization of iron oxide nanoparticles by pheonix dactylifera leaf extract and evaluation of their …

https://www.sciencedirect.com/science/article/abs/pii/S2352554120302205 7/7

Copyright © 2023 Elsevier B.V. or its licensors or contributors.
ScienceDirect® is a registered trademark of Elsevier B.V.

https://www.elsevier.com/
https://www.relx.com/

