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Abstract
Green synthetic method is an important process that can be used for the synthesis of iron nanoparticles in the field of nano-
technology because of its characteristics of low cost and high efficiency for industrial large-scale production. In this study, 
iron oxide nanoparticles (IONPs) were synthesized by a simple bio-reduction method. Aqueous leaf extract of Daphne 
mezereum was used as a reducing and stabilizing agent. Ultraviolet–visible (UV–vis) absorption spectroscopy was used to 
monitor the dye removing ability of IONPs. Also, IONPs were characterized by transmission electron microscopy (TEM), 
particle size analysis (PSA), Fourier transform infrared (FT-IR) spectroscopy, X-ray diffractometer (XRD), vibrating sample 
magnetometer (VSM), and thermo gravimetric analysis (TGA). The average diameter of the prepared NPs ranged from 6.5 
to 14.9 nm with a mean particle size of 9.2 nm. In addition, the synthesized iron nanoparticles were tested for dye removing 
activities. The decoloration efficiency of INPs catalyzed reaction was about 81% after 6 h. Thus, it could be concluded that 
D. mezereum aqueous leaf extract can be used efficiently in the production of iron oxide NPs for commercial applications 
in environmental fields.

1 Introduction

The dye wastewater emission is one of the important reasons 
of environmental pollution which is increasing extremely 
[1–4]. Also, water quality is potentially influenced by color 
as the first characteristic of wastewater [5]. A very small 
amount of dye in water can cause change in light penetration 
and thus decrease the photosynthesis of aquatic plants [6]. 
Many dyes such as azo dyes are toxic, mutagenic and carci-
nogenic, so aquatic organisms as well as humans are exposed 
to this serious hazard [7–10]. Dye removing is difficult due 

to their resistance to biological degradation [11]. Numer-
ous traditional technologies, including photocatalytic deg-
radation [12–14], adsorption on activated carbon [15, 16], 
bacterial action [17], and electrochemical degradation [18, 
19] have been expanded to remove dyes from wastewa-
ter. Between various techniques, adsorption is an efficient 
method to remove dyes particularly when they are recover-
able and non-biodegradable [20].

Nanomaterials are one of the greatest and applicable ele-
ments in today’s research; nanomaterials can form differ-
ent networks ranging from simple to complicated networks 
which are important to materials chemistry and the existence 
of life [21–24].

Nowadays, iron nanomaterials (INPs) due to their ver-
satile properties and high catalytic activities and the higher 
intrinsic reactivity of its surface sites have received great 
attention from researchers in different fields such as food-
related applications [25], medical uses [26], biosensing 
applications [27], degradation of environmental organic 
contaminants [28], catalysis [29], magnetic storage media 
[30], magnetic field-assisted separations [31] and analyses 
[32]. Iron oxide nanoparticles as dye removing materials are 
used for maintaining a healthy environment [33]. To pro-
duce nanostructured iron particles, many methods including 
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template-assisted synthesis method [34], hydrothermal syn-
thesis [35], vapor–solid growth techniques [36], sol–gel pro-
cess [37], chemical co-precipitation [38], thermal decompo-
sition [39] and ultraviolet radiation and aerosol [40], have 
been used in an enormous number of studies on development 
of synthetic methods. Ideally, the synthetic method should 
be able to eliminate toxicity and make the nanoparticles 
more biocompatible [41]. Beside all the above mentioned 
methods, iron oxide nanoparticles obtained from biological 
methods such as fast and easy plant-mediated synthesis and 
microorganism-based procedures, are also being investigated 
[42, 43]. Besides these properties, the time consumed and 
the obligatory constraint of aseptic conditions are limiting 
factors for microorganism-based procedures. The plant-
mediated synthesis of iron nanoparticles is more applicable 
than the other biological methods by the way of eliminating 
cumbersome process such as maintaining the cell culture 
[44–46]. Extraction and separation can be easily scaled up 
for the large-scale synthesis of nanoparticles, so in the recent 
years, iron oxide nanoparticles have been synthesized using 
various plant-mediated procedures [33]. Green-synthesized 
INPs has been recently examined for dye degradation and 
because of the easy availability of plants in nature, it makes 
them more applicable [47].

In this paper, the iron oxide NPs were synthesized using 
Daphne mezereum aqueous leaf extract and the prepared 
NPs were characterized using TEM, PSA, XRD, FT-IR, 
TGA, and VSM analysis. The present paper conducted to 
assess the dye removing potential of green-synthesized iron 
NPs with Ultraviolet–visible (UV–vis) absorption spectros-
copy assay.

2  Materials and methods

2.1  Chemicals

Dried leaves of D. mezereum were purchased from a local 
shop (Shiraz, Fars, Iran). Ferric chloride hexa hydrate 
 (FeCl3·6H2O) was purchased from Merck chemicals (CAS 
#: 10025-77-1). Prepared solutions of ferric chloride were 
stored in aluminum foil wrapped polypropylene tube at 
refrigerator temperature. All glasswares were washed with 
concentrated HCL and deionized water before any use. 
Ultrapure deionised  H2O (Milli-Q, Millipore, Millipore Co., 
Bedford, MA, USA) was used for all synthesis reactions and 
leaf extract preparations.

2.2  Leaf extract preparation

To remove any mud and dust, dried leaves were washed with 
deionized water and dried at room temperature. Using about 
a 5% (w/v) mixture of dried leaves in deionized water has 

been the most common ratio for leaf extract preparation in 
previous experiments [41]. Consequently, 5 g dried leaves 
were boiled in 100 ml deionized water for 15 min using a 
heater mantel under reflux. The mixture was cooled to room 
temperature and filtered through a Whatman filter paper 
(Reeve angel, Grade 201). The prepared extract was centri-
fuged at 2000 rpm for 5 min to remove leaf microparticles. 
The resulting clear solution was sealed in polypropylene 
tubes and refrigerated.

2.3  Synthesis of INPs

Synthesis of INPs was conducted using a 10 ml reaction 
liquid. In practice, 1 ml iron precursor  (FeCl3·6H2O, 0.1 M) 
was added to 9 ml leaf extract while stirring vigorously at 
room temperature. After 24 h, the reaction mixture was 
centrifuged and the resulting black pellet was washed with 
deionized water and dried in an oven at 50 °C.

2.4  Characterization of INPs

The visual appearance and morphology of prepared INPs 
were evaluated by transmission electron microscopy (TEM). 
A drop of well-dispersed nanoparticles was placed on a 
carbon-coated copper grid and then dried at room tempera-
ture. The TEM micrographs were taken on a Philips CM 
10, TEM, operated at high voltage (HT) 100 kV. Particle 
size analyses were conducted using ImageJ software ver-
sion 1.47v. The hydrodynamic diameters of particles were 
measured using a Microtrac S3500 particle size analyzer. 
FT-IR spectra were obtained with KBr pellets in the range 
400–4000 cm−1. Prepared INPs were mixed and pressed 
with 150 mg KBr and the spectra were taken using a on a 
Bruker, Vertex 70, FT-IR spectrometer. The XRD measure-
ments were carried out using a Siemens D5000 X-ray dif-
fractometer. The crystallinity and composition of the INPs 
were analyzed over a 2θ range from 20° to 90° at a scan rate 
of 2° min−1 [48, 49]. Thermo gravimetric analysis (TGA) 
was performed by heating at a constant rate of 10 °C/min 
from 50 to 600 °C under argon atmosphere. The magnetic 
measurements were evaluated using a vibration sample 
magnetometer (VSM) at room temperature with increasing 
magnetic field up to 10 kOe and field sweeping from − 10 
to + 10 kOe at Meghnatis Daghigh Kavir Co.

2.5  Removing of methyl orange (MO)

For degradation of methyl orange dye, all processes were 
carried out under atmospheric pressure and in single-use 
10 ml reaction volume, by stirring magnetically at 150 rpm. 
In the typical experiment, 10 mg of synthesized nanoparti-
cles were added to solutions containing 8 ml methyl orange 
(25 mg/l) and 1 ml  H2O2 (10%). The concentrations of MO 
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after different times of contact (15, 30, 60, 120, 180, 240, 
300, and 360 min) were determined with a Hitachi U-0080D 
UV–vis spectrophotometer (Tokyo Japan) at λ max = 465 nm 
and calibration curve was obtained using the standard MO 
solution. Also, to evaluate the ability of hydrogen peroxide 
alone in the decomposition of methyl orange, a blank sam-
ple was tested without nanoparticles. All experiments were 
performed in triplicate.

3  Results and discussion

3.1  Characterization of INPs

After addition of 0.1 M iron solution (III) to the D. mez-
ereum leaf extract, the color of the mixture changes from 
yellow to intense brown, indicating the formation of iron-
containing nanoparticles.

TEM micrograph and PSA data of the INPs synthesized 
by D. mezereum extract are shown in Fig. 1. The particle 
size distribution of biosynthesized INPs was in the range 
of 6.5–14.9 nm with a mean particle size of 9.2 nm. TEM 
showed that the majority of INPs were spherical in shape 
with only a limited degree of aggregation. It was observed 
that these nanoparticles were surrounded by a thin layer of 
biological matrix showing the role of biological compounds 
in D. mezereum extract for reducing the Fe (III) ions to INPs.

The FT-IR spectrum of synthesized INPs is shown in 
Fig. 2. The FT-IR spectroscopic data were carried to charac-
terize the functional groups of biomolecules in D. mezereum 
extract that was involved in reduction and stabilization of 
the INPs. The adsorption bands around 516 cm−1 corre-
sponded to Fe-O stretches of  Fe2O3 or  Fe3O4. Furthermore, 

the peaks at 3448 and 1635 cm− 1 refer to the O–H of H bond 
or carboxylic acid and C=C ring stretching on the synthe-
sized INPs surface. The functional groups introduced in the 
nanoparticle production process indicated that biochemical 
compounds from D. mezereum extract decorated the surface 
of biosynthesized nanoparticles and enhance the interactions 
with water molecules that results in more stable colloids.

The XRD pattern of the INPs produced by D. mez-
ereum extract is shown in Fig. 3. The XRD pattern of INPs 
showed deficiency in distinctive diffraction peaks which 
corresponded to amorphous nature of these nanoscale par-
ticles. The broad peak in region about 2θ = 25 represents the 
organic biomolecules covering the surface of the nanopar-
ticles [48, 49].

Figure 4 shows the magnetic characteristics of synthe-
sized INPs evaluated by a vibrating sample magnetometer 
at room temperature. A linear MH graph with no hyster-
esis loop was observed, which indicates that the produced 

Fig. 1  TEM micrograph and particle size distribution diagram of the INPs

Fig. 2  The FT-IR spectra of synthesized INPs
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nanoparticles have paramagnetic properties. Paramagnet-
ism refers to a property of materials in which they are 
weakly attracted by a strong externally applied magnetic 
field, and form internal induced magnetic fields in the 
direction of the applied magnetic field.

TGA curve of biosynthesized INPs for measuring 
the purity and composition of the sample is provided in 
Fig. 5. The NPs mass starts to fluctuate around 100% 
at below 200  °C, which is attributed to residual and 
adsorbed water with the INPs [50]. The results show that 
after gradually reducing the weight of nanoparticles at 
low temperatures, a sudden drop in weight occurs up to 
200 °C. Previous research results show that at tempera-
tures below 200 °C, biomolecule compounds covering 
nanoparticles have a thermal stability. However, these 
biomaterials begin to decompose and degrade at high 
temperatures [41, 51].

3.2  Dye removing assay

The MO decolorization kinetic by the synthesized INPs is 
presented in Fig. 6. As indicated in this figure, in sample 
with absence of INPs, no significant decolouration activ-
ity was observed after 6 h. However, the results shows that 
the reduction of MO with  H2O2 in the presence of catalytic 
activity of prepared NPs occurs at a very fast rate in initial 
reaction time and the efficiency of decolorization decreased 
after a reaction of 180 min with the NPs. The decoloration 
efficiency of INPs catalyzed reaction was about 81% after 
6 h. These results indicated that by employing green-syn-
thesized INPs by D. mezereum extract, MO azo dye can be 
oxidated by a Fenton-like reaction which is a combination 
of  Fe2+ and hydrogen peroxide according to the following 
formula (I and II). The –N=N− double bond in MO azo 
dye is the chromophoric group and cleavage of this bond by 
 OH• leads to MO decolorization [52, 53]. It is known that 
Fe nanoparticles green synthesized by different leaf extracts 
have different capabilities for the removal of methyl orange 
dye in liquid environments. For instance, Muthukumar and 
Manickam investigated the decolourization of MO using 
both FeO nanoparticles green synthesized by Amaranthus 

Fig. 3  XRD pattern of the green-synthesized INPs

Fig. 4  Magnetization curve of biosynthesized INPs
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Fig. 5  TGA curve of INPs

Fig. 6  Dye removal diagram using  H2O2 alone (a) and  H2O2 with 
iron nanoparticles (b)
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spinosus leaf extract and chemically synthesized by NaBH4. 
750  ml of 100  ppm MO dye solution was treated with 
250 mg/l of NPs under the average sunlight irradiation of 
1000 W/m2 at 38 ± 2 °C for 6 h. The percentage decolouriza-
tion of methyl orange was 75% for green-synthesized iron 
oxide nanoparticles. Whereas, the decolourization potential 
of FeO nanoparticles chemically synthesized by  NaBH4 was 
even lower than these particles [54]. Also, Ebrahiminezhad 
et al. have reported that iron nanoparticles synthesized by 
aqueous extract of Mediterranean cypress could be a more 
effective material for catalytic MO dye degradation with 
95.8% removal efficiency only after 6 h [55].

4  Conclusion

In summary, an eco-friendly synthesis process has been suc-
cessfully employed for synthesis of iron oxide NPs using D. 
mezereum aqueous leaf extract with no additional agents. 
The organic compound of D. mezereum leaf extract had 
a significant impact on the stability of nanoparticles. The 
results of this study showed that synthesized IONPs were 
more effective catalyst to degrade MO dye, so that 75% 
of total dye with 20 mg per liter initial concentration was 
removed after only 6 h in the solution containing 10 mg the 
IONPs with  H2O2. Overall, these results suggest that green 
synthesis of iron oxide nanoparticles has potential as an 
effective, economical and useful process for many scientific 
and technical applications in future, including treatment of 
toxic organic contamination in the environment.
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