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Synthesis, characterization, and applications of iron oxide 
nanoparticles

Introduction

Nanotechnology is an emerging field that has got a phenomenal 
interest in the previous few decades. The word “nano” is 
used as a prefix for one billionth part 10-9[1,2] Due to their 
extraordinary physical and chemical properties, nanoparticles 
have been used in various fields of science.[3] Among other 
nano structures, metallic nanoparticles have also got significant 
interest, it has been used in medical, sensing, electronics, 
and imaging devices.[4] Metallic nanoparticles distinctive 

physical and chemical properties and could be used in several 
biomedical applications such as drug delivery, treatment of 
diseases such as Alzheimer’s disease, Parkinson’s disease, 
and amyotrophic lateral sclerosis, bone inflammation, skin 
infections, tuberculosis (TB)[5,6] and also used in biological 
sensors.[7] Various methods have been used for the synthesis 
of metal and other NP’s. Such as chemical and Physical 
methods which include thermal decomposition, hydrothermal 
synthesis, sol-gel synthesis, sonochemical reactions, and 
colloidal chemistry-based methods etc.[8] As such routes for 
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the synthesis of NPs produce toxic waste and have many 
environmental and health concerns such as irritation, stomach 
pain, allergic reactions, and inflammation.[9-11] Both methods 
are expensive because of the high usage of energy and other 
factors.[12] Due to number of drawbacks of the physical and 
chemical methods, it limits their uses in biological applications. 
Currently scientists and researchers have found cost effective 
and environmental friendly method called the green synthesis 
method to address these concerns. There are various sources for 
the green synthesis method such as plants, microbes, and other 
biological products which are used as reducing and stabilizing 
agents. Bio-mediated synthesis of nanoparticles is a simple 
process. Simply a metal salt in the required amount is taken 
and mixed with plant extract and the reaction takes minutes to 
a few hours and will complete at ordinary room temperature. 
The metallic salt solution functions as a reducing agent and can 
form respective nanoparticles.[13-19] This method of synthesis of 
nanoparticles have got more attention during the last decade, 
especially green synthesis of iron nanoparticles NP’s which 
are considered as safe as compared to other metallic NP’s. 
Green synthesized nanoparticles have numerous applications 
in the field of biology, physics, and chemistry. Due to their 
biocompatible nature, green synthesized iron nanoparticles have 
been used in disease diagnostics such as bone inflammation, 
skin infections, TB, tumor, atherosclerosis, cardiovascular, 
pulmonary diseases, and hepatitis antibodies detection,[20] and 
drug delivery system. Iron NPs kills diseased cells selectively 
by either production of Reactive Oxygen Species (ROS) or 
inhabiting any particular gene involved in disease onset without 
hampering normal cell functioning.[21-24] It has also been used 
in antimicrobial, anticancer, and antifungal therapies.[25] Iron 
nanoparticles kill microbes via production of ROS, obstructing 
membrane structure and changing macromolecules chemistry 
which leads to death of microbial pathogens. Green synthesized 
nanoparticles have also been shown to have excellent photo 
thermal activities, which means they can gain heat from 
normal visible light and could be used in sensing, disease 
control, and treatment at the earliest stages. Previously, the 
photothermal potential of iron nanoparticles has been reported 
and shows a lot of promise in the biomedical field.[26] Moreover, 
besides their medical applications they can also be used in the 
degradation of persistent pollutants. Iron oxide nanoparticles 
have also been reported to degrade various dyes and have also 
shown better activities when compared to their counterparts. 
Using Iron Oxide NPs can successively degrade the synthetic 
organic dye methylene blue (MB) by sodium borohydride 
(MB by NABH4). As MB is widely used as a redox indicator 
in analytical chemistry and have a long life period and is a 
potential pollutant.[27,28] Thus herein, we aim to synthesize Iron 
Oxide NPs using a green chemistry approach, and will be used 
to evaluate their biological and degradation applications.

Materials and Methods

Chemicals

Iron (III) Oxide, Para Sintesis, (Fe2O3, M = 159.70), Copper 
(II) nitrate trihydrate extra pure. Methyl Orange dye, Safranin 
dye, Ethanol, Barium Chloride, Sulfuric Acid, Triton X–100, 
Phosphate buffer saline (PBS), Yeast, Peptone, Agar, and 
Sodium Chloride were procured from Sigma Aldrich or local 
vendors.

Machines and other devices
Electronic Balance (ALE-223), Heating Oven (UF110), 
Incubator (MCO-18ACL-PA), Autoclave (Hirayama HV-110), 
Shaking Incubator (FS-50B/70B), Water Bath (Vt-Lsi02), 
Magnetic stirrer (ARE 6), Vortex Mixer (VM-96A), Sonicator 
(AU33-10), Spectrophotometer (VT-UV1900), PH Meter 
(Jenway 3510), Centrifuge Machine (75004240), and Class II 
Biological Safety Cabinet (LA2-6A2-E) were used in our study.

Synthesis of iron oxide NPs
The fresh and healthy leaves were taken from ficus palmata 
plant and washed properly with dH2O, to remove dusts and 
impurities. Leaves were kept at dark to become dry upon 
complete, dry leaves were grinded through blander to fine 
power, the fine powder was then stored in an air tight container 
for future use. For synthesis briefly 5 g of powder leaves were 
taken and added into 100 mL of dH2O, and stirred for about 
10 min in order to mix properly. After that solution was placed 
in beaker and heated 20°C for 4 min in oven, to extract all the 
phytochemicals. Later the extract was filtered via filter paper; 
supernatant obtained was stored at 4°C. Later 10 mL of the 
leaves extract was added into 90 mL of an aqueous solution 
of 1 mM Iron (III) Oxide salt. The mixture was placed on 
magnetic stirrer for 30 min. later it was left at dark for a period 
of 1 h, the color of the mixture was noted, which changed to 
dark brown indicating the formation of NPs. After that in order 
to obtain the pure NP’s, reaction mixture was centrifuged at 
9000 rpm for 10 min, to get the precipate. Later centrifugation 
obtained precipate washed 3 times. The first two rounds with 
dH2O while the 3rd round washed with ethanol 70% for each 
round 9000 rpm was used for 10 min. Obtained NPs were 
put in incubator at 60°C for 24 h to obtain pure and highly 
crystalline Iron Oxide NP’s. The whole process of NPs are 
shown in Figure 1 step by step.

Figure 1: Diagrammatic explanation of the green synthesis method
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Characterization
UV-VIS spectrophotometer
A double beam UV-Vis Spectrophotometer (VT-UV1900, Thermo 
Scientific, Finland) was used to detect the presence of Iron Oxide 
NPs in the reaction mixture. The reaction mixtures were scanned 
in the wavelength (λ) ranging between (230 and 290) nm.

Fourier transform infrared spectroscopy (FTIR) 
spectroscopy
Major functional groups which assist in the reduction and 
stabilization of nanoparticles are defined by FTIR. The 
functional groups (plant specific) are found in association with 
synthesized nanoparticles. The facility used for their detection 
is which utilizes potassium bromide (KBr) pellets spanning 
the specific spectral range of 400–4000 cm-1.

Photothermal activity
The photothermal activity was evaluated as previously described 
by[29] with slight modification. Photo thermal activity of Iron 
Oxide NPs was measured by using of pH meter probe. Briefly 
(0.03 g) NP’s were added to 50 mL of dH2O and sonicated in 
an ultrasonicator for a period of 30 min. Later sonication 1 mL 
of Iron Oxide NP’s was mixed with 4 mL of dH2O and initial 
reading was taken by spectrophotometer. First Iron Oxide NPs 
were placed in light and values were noted periodically after 
each minute till 10 min. The whole process was performed in 
a replicate. Similarly, same process was conducted in the dark 
to check the Photothermal activity of Iron Oxide NPs.

Minimum inhibitory concentration (MIC)
MIC is used to check, the smallest concentrations of the test 
sample (NPs, drugs, etc.) that could stop bacterial growth. In 
the present study, different cultured bacteria (Salmonella typhi, 
Lactobacillus, Xanthomonas Oryzae) were used. McFarland 
solution 0.5% is used as standard to balance the turbidity of 
bacterial culture. And then added 5 mL of sterile media in all 
the dilutions to get 10 mL of the total solution. After that, the 
NP’s dilution was prepared set standard of 1000 uL. In the 
present study the 96 wells plate contained and labeled as, first 

two columns (1st, 2nd) contained bacteria “Lactobacillus and 
Salmonella typhi”, the next two columns (3rd, 4th) were taken 
as control, followed by columns (5th, 6th, and 7th taken blanks) 
and again the columns (8th, 9th) contained bacterial species “X. 
Oryzae and Salmonella typhi), 10th column blanked and again 
(11th, and 12th) were taken as Positive and Negative control. After 
filling all the wells, the initial reading was taken via spectrometer. 
Then the plate was exposed to continuous light for 15 min, and 
then placed in the incubator for 24 h, and after the 24 h the result 
was checked by spectrometer on 600 nm microplate reading, 
which showed that the growth of all the bacteria species was 
completely inhibited at higher concentrations of NP’s.[30-32]

Hemolytic assay/biocompatibility assay
To evaluate Biocompatibility the Hemolytic assay was 
performed as previously reported by[33] with minor modification. 
Briefly, 1cc of fresh blood was taken from a healthy donor and 
mixed with 20 mL PBS solution. The hemolytic assay for the 
Iron Oxide NPs was performed in two conditions, in Light and 
dark. For this using different concentrations, and each solution 
was diluted up to 1 mL. For the positive control, 500 µL of 
Triton X-100 and also 500 µL of blood were taken. Negative 
control only blood (1000 µL) was used. After that, each set 
of samples (light and Dark) were placed in the light box and 
dark room for a period of 15 min respectively. Then, all the 
samples were placed in the incubator for half an hour at 37°C 
temperature. All the samples were centrifuged for 15 min at 
1500 rpm. Later centrifugation, the supernatant was collected 
without disturbing the pellet and the OD for each sample was 
checked via spectrometer at 576 nm.

The results were collected using the formula which is explained 
by Nadhman et al.[34]

Hemolysis percentage = OD at 576nm of NP’s/OD at 575nm 
in 0.1% Triton X–100*1.

Photo catalytic activity
The photo-catalytic activity of Iron Oxide NPs was performed by 
using Methyl Orange (MO) dye under continuous light irradiation 
and dark condition. A stock solution was made by adding 10 mg 
MO dye to 1000 ml dH2O. Later, 10 mg Iron Oxide NP’s was added 
to 50 mL of mentioned stock of MO dye above. Falcon tubes were 
covered with aluminum foil initially and initial value was taken. 
Later the falcon tubes were placed under visible light and dark. 
Data was collected periodically (0 min, 10 min, 20 min, 30 min, 
40 min, 60 min, and 90 min) and the values were noted respectively.

Results

UV-spectrophotometery
UV Vis spectrophotometry is an important tool for the initial 
confirmation of nanoparticle biosynthesis. Our results revealed 
peaks between 230 and 290 nm, which confirms the presence 
of Iron Oxide nanoparticles. Our results are in accordance Figure 2: FTIR graph of iron oxide NP’s
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with[35,36] who revealed the presence of iron nanoparticles at a 
similar range as shown in Table 1.

FTIR
Several phytochemicals are involved in the capping and 
stabilization of biosynthesized nanoparticles. FTIR is a 
powerful tool to analyze the functional groups which are 
involved in capping nanoparticles. The current study revealed 
FTIR peaks at 1087.29 cm-1, 520.34 cm-1, and 435.70 cm-1. 
The peaks in FTIR which are shown in Figure 2 confirmed 
the capping of Iron Oxide NPs by the phytochemicals present 
in the plant extract. The peaks at 520.34 cm-1 and 435.70 cm-1 
denoted the presence of Fe-O bond which is in agreement 
with the data reported by,[37] Papaver somniferum L. mediated 
novel bioinspired lead oxide (PbO) and iron oxide (Fe2O3) 
nanoparticles.[38] Apart from this, a peak at 1087.29 cm-1was 
also obtained which can be attributed to the presence of 
phytochemicals possessing C-O bonds.

Photothermal activity
Photothermal activity is a phenomenon related to magnetic 
radiation, it is produced when materials are exposed to 
continuous light, as a result of photo-excitation. In this 
study photo thermal activity of Iron Oxide nanoparticles was 
performed via pH meter probe, in light and dark conditions. 
The result showed that NPs exhibited better activity in the 
light increase was noted and an almost 4 times increase was 
noted as compared to control as shown in Figure 3a and b. 
Similarly, when checked the same procedure in the dark it 
showed no significant increase and at least 2 fold increase was 
noted only as compared to the control. Iron Oxide has shown 
excellent photothermal activities due to: Good biocompatible 
nature, and better optical and physical properties.[39-42] From 

the literature study it is cleared that Iron Oxide nanoparticles 
have good photothermal activity in light, which could be due 
to their better super magnetic activity, NIR absorption and 
itself a photothermal agent.[39]

MIC
MIC is the least concentration of a chemical usually drug, that 
requires stopping or eliminating the bacterial growth. As in 
the literature, various types of methods used for MIC activity 
like “Broth dilution assay, Micro plate-based method (96 well 
plates), etc have been used among the MIC has been most 
successful”.[43,44] Iron Oxide NPs have great potential against 
various pathogenic bacteria including both gram Negative as 
well as Gram-positive bacteria.[40] Furthermore, recent studies 
of Iron Oxide NPs showed significant result against one of the 
pathogenic bacteria known as “Pseudomonas aeruginosa.”[45] 
Moreover, studies have also shown Iron Oxide NP’s can be 
used to eradicate of the Biofilms.[46]

In the present study, MIC for 3 different types of bacterial strains 
such as “Salmonella typhi” “X. Oryzae” are (Gram Negative 
bacteria) and one bacteria strain was also taken as Gram-
positive i.e., “Lactobacillus”. Lactobacillus are not pathogenic 
bacteria, these normally live in our digestive, urinary, and 
genital systems without causing diseases, using different doses 
of Iron Oxide nanoparticles our MIC result indicated that the 
Iron Oxide nanoparticles have excellent potential against the 
inhabitation of these pathogenic bacteria. As from the highest 
concentration i.e., 950 µL, to the concentration 150 µL showed 
the complete killing of bacteria in wells and below these 
concentrations up to some instant bacterial growth recorded in 
wells of the plate. Iron Oxide nanoparticles mostly kill bacterial 
cells by various mechanisms, such as ROS production, cellular 
disruption, and hampering gene experiments.[14] Iron Oxide NPs 
have been reported to have excellent Antimicrobial potential 
which could be the same here.[40,47]

Hemolysis
Hemolysis is the breakdown of the red blood cells under diverse 
stimuli. To evaluate the toxicity of Iron Oxide nanoparticles 
synthesized by the green synthesis method, hemolytic assay 
was performed on freshly isolated blood taken from a healthy 
donor. In this study, the hemolytic assay was performed at 

Figure 3: (a and b) Photothermal activity of Iron Oxide NPs under visible light and dark conditions, respectively
ba

Table 1: Identification of peaks using UV spectrophotometer for 
iron oxide NP’s
Wavelength Absorbance

290 0.323

254 0.24

206 0.213

248 0.207

232 0.184
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different concentrations (500 µL, 250 µL, 125 µL, 62 µL, 
and 31 µL). Our result showed that Iron Oxide nanoparticles 
synthesized by the green synthesis method are biocompatible 
and completely non-hemolytic at high concentrations in both 
light and dark conditions, as shown in Table 2. Materials with 
>5% hemolysis are hemolytic, 2–5% slightly hemolytic while 
<2% non-hemolytic and biocompatible for RBCs.[48] The lower 
toxicity of iron oxide NPs synthesized here could be due to 
their functional groups coated on their surfaces, it reduces the 
production of ROS and minimal usage of toxic solvents make 
them an excellent vehicle for drug delivery.[40,47,49]

Photo catalytic activity
In this study, the photo catalytic degradation of MO dye was 
evaluated in the presence of continuous light using Iron Oxide 
nanoparticles. The result showed a continuous decline in 
MO dye under continuous light as time passed as shown in 
[Figure 4a]. Moreover, the color of the dye was also changed 
from orange to transparent in continuous visible light as shown 
in [Figure 5a]. However, in dark conditions, no significant 
degradation and color change was noted as shown in [Figures 4b 

and 5b], respectively. The previous study also cleared that Iron 
Oxide NPs used as a good photocatalyst for the degradation of 
different hazardous dyes in less time compared to other NP.[50] 
Most interestingly, in recent studies have shown that Iron Oxide 
NPs synthesized by the green method were able to decolorize 
the modern and most hazardous dye (MO), with more than 70% 
efficiency in less time,[51] which is similar to our study results.

Discussion

In the last decades, nanotechnology has become a cutting-edge 
tool for scientists. Nanoparticles are produced using a variety 
of synthesis techniques, including chemical precipitation, laser 
pyrolysis, sol-gel, chemical deposition, electrochemistry, and 
greener method are used for the synthesis of NPs.[52] Current 
research and development in materials science and technology 
is giving a lot of attention to a new era of “green synthesis” 
approaches and technologies mostly, green synthesis of 
nanomaterials.[53] Plant-based nanoparticle synthesis has been 
called a “green” method of producing nanoparticles. Since 
it uses biologically acceptable solvents and little to no toxic 
chemicals. It is more efficient and practical. Therefore, various 

Table 2: Biocompatibility result showing toxicity of Iron Oxide nanoparticles in light and dark
Samples Light Dark Percentage (L) Percentage (D)

Control 1.4998±0.01 1.5536±0.09 96.53708±0.13 96.53708±0.22

NPs 500uL 0.0499±0.03 0.0474±0.02 3.32711±0.12 3.050978±0.21

NPs 250uL 0.0471±0.04 0.0422±0.03 3.140419±0.11 2.716272±0.20

NPs 125uL 0.0186±0.06 0.0111±0.04 1.240165±0.10 0.71447±0.19

NPs 62uL 0.0041±0.07 0.0074±0.05 0.27337±0.9 0.476313±0.18

NPs 31uL 0.0044 ± 0.08 0.0034 ± 0.07 0.293372 ± 0.8 0.218847 ± 0.17

Figure 4: (a and b) Photocatalytic activity of Iron Oxide NPs in continuous visible light and dark, respectively
ba

Figure 5: (a) and (b) showing color changes of MO with Iron Oxide NP’s in the presence of “Light and dark” respectively
ba
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attempts were undertaken to synthesize metallic nanoparticles 
using plant extracts, such as silver, gold, palladium, zinc, 
copper, iron, cobalt, nickel, etc.[54] In this work we synthesized 
plant-mediated Iron Oxide NPs, from the plant of ficus palmate. 
UV Vis spectroscopy results revealed that the Iron Oxide 
NPs have peaked between 230 and 290 nm, which is the 
confirmation of synthesized Iron Oxide nanoparticles. Several 
phytochemicals are involved in the capping and stabilization 
of biosynthesized nanoparticles. The peaks of FTIR confirmed 
the capping of Iron Oxide NPs by the phytochemicals present 
in the plant extract. The peaks at 520.34 cm-1 and 435.70 cm-1 
denoted the presence of a Fe-O bond which is in agreement 
with the data reported by,[37] P. somniferum L. mediated novel 
PbO and iron oxide (Fe2O3) nanoparticles.[38] Apart from this, a 
peak at 1087.29 cm-1 was also obtained which can be attributed 
to the presence of phytochemicals possessing C-O bonds.

There are two categories in which metallic nanoparticle 
applications fall. Applications of nanoparticles studied for their 
anti-bacterial, anti-fungal, anti-viral, and anti-cancer properties 
are included in biological applications. Non-biological uses 
include the reduction of 4-nitrophenol and photocatalysis of 
pollutant dyes like MB and photothermal activity.[55] Herein 
the photothermal activity of Iron Oxide NPs shows that NPs 
exhibited better activity in the light increase was noted and 
almost 4 times increase as compared to control. Similarly, 
in the dark, it showed no significant increase and at least 2 
fold increase was noted only as compared to control. Iron 
Oxide has shown excellent photothermal activities due to: 
Good biocompatible nature, and better optical and physical 
properties. From the literature study, it is clear that Iron Oxide 
nanoparticles have good photothermal activity in light, which 
could be due to their better super magnetic activity.[39]

Biocompatibility test showed that Iron Oxide nanoparticles 
synthesized by green synthesis method are biocompatible 
and completely non-hemolytic at high concentrations in both 
light and dark conditions Materials with >5% hemolysis are 
hemolytic, 2–5% slightly hemolytic while <2% non-hemolytic 
and biocompatible for RBCs. The lower toxicity of iron oxide 
NPs synthesized here could be due to their functional groups 
coated on their surfaces, it reduces the production of ROS and 
minimal usage of toxic solvents make them excellent vehicle for 
drug delivery.[40,47,49] Muhammad et al. results also revealed that 
the synthesized Iron Oxide NPs cytotoxic activity was examined, 
and it was discovered that they had good biocompatibility and 
exhibited lower toxicity in a brine shrimp fatality assay. These 
nanoparticles can therefore be used in a variety of medical 
applications and are harmless for the environment.[56]

As in the literature, various types of methods used for MIC 
activity like ‘Broth dilution assay, Micro plate-based method (96 
well plates) etc. have been used among the MIC have been most 
successful.[43,44] Iron Oxide NP’s have great potential against 
various pathogenic bacteria including both Gram-negative as 
well as Gram-positive bacteria.[40] In the present study MIC 

for 3 different types of bacterial strains such as “Salmonella 
typhi” “Xanthomonas oryzae” are (Gram Negative bacteria) 
and one bacteria strain was also taken as gram Positive i.e., 
“Lactobacillus.” Lactobacillus are not pathogenic bacteria, 
MIC results indicated that the Iron Oxide nanoparticles have 
excellent potential against the inhabitation of these pathogenic 
bacteria. Iron Oxide nanoparticles mostly kill bacterial cells 
by various mechanisms, such as ROS production, cellular 
disruption, and hampering gene experiments.[14] Iron Oxide 
NPs have been reported to have excellent Antimicrobial 
potential which could same here.[40,47] Furthermore, recent 
studies of Iron Oxide NPs showed significant results against 
one of the pathogenic bacteria known as “P. aeruginosa.”[45] 
Moreover, studies have also shown Iron Oxide NPs can be 
used to eradicate of the Biofilms.[46]

In this study, we also evaluated the photo-catalytic degradation 
of MO dye in the presence of continuous light using Iron 
Oxide nanoparticles. A continuous decline in MO dye under 
continuous light as time passed. Moreover, the color of the dye 
was also changed from orange to transparent in continuous 
visible light. However, in dark conditions no significant 
degradation and color change was noted. From the previous 
study also cleared that Iron Oxide NP’s used as a good photo 
catalyst for the degradation of different hazardous dye in less 
time compared to other NP.[50] Most interestingly in recent 
studies have shown that Iron Oxide NPs synthesized by green 
method were able to decolorize the modern and most hazardous 
dye (MO), with more than 70% efficiency in less time,[51] 
which is similar to our study results. So With such potential 
applications, Iron Oxide NPs holds a promising future and 
could be used in treating diseases, and microbial pathogenesis 
and also could be used as a vector in drug delivery. Moreover, 
they can also eradicate persistent dyes and could be used as 
an alternative to remediate pollutants from the environment.

Conclusion, future perspectives

Nanotechnology is a modern field that has got a remarkable 
interest in the previous few decades. The biological synthesis 
(Green synthesis) of NPs is cost-effective, dynamic, and eco-
friendly approach. In our study, we synthesized green Iron 
Oxide NPs, characterized them using a variety of spectroscopic 
techniques, and assessed their biological potential, 
photothermal potential, and photocatalytic potential under 
various circumstances, including (Light and Dark). Results 
indicated that continuous visible light increased photothermal 
and photocatalytic activities. The biocompatibility assay 
also resulted that both in light and dark the synthesized NPs 
were safe and can be used for various biological activities. 
Moreover, the MIC of the Green synthesized Iron Oxide NPs 
showed outstanding results against various bacterial strains. 
The synthesized NPs have shown better Photo-thermal, photo-
catalytic activity, and Biocompatible and also showed great 
potential to kill microbes, so they could be used in treating 
various diseases in the future. Though we studied the NPs 
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for various biological and degradation purposes, however, it 
should be elucidated properly with proper mechanisms.
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