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Abstract

This study proposed to synthesize iron oxide by biological method nanoparticles.
The E.coli is used to reduce Ferric chloride salt into iron particles. The formation of
iron oxide nanoparticle was initially monitored by visual observation and then
characterized with the help of various characterization techniques such as Uv-vis
spectroscopy, (AFM) and (FTIR) analysis, which revealed that the biosynthesized
iron oxide nanoparticles were spherical within size 27.7 nm. Optimization of iron
oxide nanoparticle biosynthesis by E.coli was performed for parameters
(temperature and pH) and the results revealed that temperature 37°C and pH 5 were
the optimum conditions for iron oxide nanoparticales biosynthesis by E.coli.
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Introduction
Nano-technology is a science, engineering, and technology conducted at the nanoscale, it can be
used across all fields of sciences, such as chemistry, biology, physics, materials science, and
engineering [1]. Nanoparticles (NPs) are materials of two or more dimensions with a diameter in the
range of 1-100 nm [2]. In particular, metal nanoparticles have caught considerable attention because of
their unique magnetic, optical, electrical, and catalytic properties [3]. Among various metal
nanoparticles iron oxide nanoparticles are recently developed new materials, due to their unique
microconfiguration and properties like super paramagnetic and high coercive force [4]. Different
techniques have been developed to synthesize hematite particles, use of bacteria such as Escherichia
coli, could be an alternative to chemical and physical methods for the generation of metal or metal

oxide nanoparticles in an eco-friendly manner [5]. The nanoparticles synthesized by the biological
process have higher catalytic reactivity, greater specific surface area and also improved the enzyme
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and metal salt [6]. The biological process is more acceptable green route and is not energy intensive
and is also ecofriendly [7, 8].

In this present work, the microbial production of Fe,Os; nano-particles was investigated. Using the
bacterial isolate E.coli as a reducing agent, this research work implies the production of Fe,O;
nanoparticles and characterization of particles by UV- visible spectrometer, AFM and FTIR analysis.
Materials and methods:

Bacterial Isolation and Identification:

Mention number of samples were collected from the sewage water of Baghdad Medical City.
Cultural characterization and biochemical tests are done for identification of bacterial isolates,
according to the methods [9]. Confirm identification of Bacterial isolates by using vitek-2 system.
Synthesis of Iron Oxide (Fe,O3 NPs by the Biological Method:

For the biosynthesis of Fe,O; nanoparticles, 10 ml of supernatant Bacteria was mixed with 5ml 10
M (1%V/V) of FeCl, solution will another reaction mixture without salt was used as a control. The
prepared solutions were incubated at 37°C for 24h, and then the iron oxide nanoparticles were
collected for 5 min twice via centrifugation at 10,000 rpm for further characterization [10].
Optimization of Temperature and pH Iron Oxide (NPs) Biosynthesis:

1- Optimization of Temperature:

Different temperatures were selected at (4, 18, 37 and 40°C). FeCl, was additional to the
supernatant and incubated for 24h. Culture supernatant lacking salt was kept as control. The Fe,O3
NPs formed were characterized.

2- Optimization of pH:

The Supernatant of bacteria was obtained by centrifugation at 10,000rpm for 10min and pH was
adjusted at (5, 7 and 9) then salt FeCl, was added and incubated at 37°C for 24h.With control of
culture supernatant without FeCl, was kept. The Fe,O3; NPs formed were characterized [11].
Characterization of Fe,O3; NPs:

The Fe,03; NPs was confirmed by measuring the wavelength of the reaction mixture in the UV—
visible spectroscopy Optima (Japan). The surface morphology and diameter of the iron oxide NPs
were visualized by Atomic Force Microscope (AFM) UNICCO / USA, and the functional groups were
identified by Fourier Transform Infrared Spectroscopy (FTIR) Shimadzu (Japan) analysis.

Results and discussion:
Bacterial Isolation and Identification:

According to [12] Bacterial isolates were identified as E.coli Figure-1 (A and B), and Table-1
showed these biochemical tests used to identify E.coli.

Table 1- Result of biochemical tests of E.coli.

Test Result
Growing on MacConkey agar Dry Pink colonies
Growing on EMB Green metallic shine
Gram stain reaction Gram negative bacteria

Figure 1- Different selective and differential media cultured with E.coli after incubation at 37°C for
24 hrs.
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A. pall pink (Lactose fermenter) colonies on MacConkey agar.

B. Green metallic shine on EMB Agar.

To confirm the identification of E.coli Vitek -2 System was depended and the result showed that the
isolated bacteria in this study were E.coli.

Green synthesis of Iron Oxide Nanoparticles using Bacteria E.coli:

The synthesis of Fe,O3; NPs by E.coli is indicated through the change in color of reaction from
yellow to brown color within 24h of inoculation, and the color intensity increased with the period of
incubation due to the reduction in Fe metal, Figure-2 (A and B). The alteration in color of the
combination is due to the excitation of surface Plasmon vibrations in the iron oxide nanoparticles,
which is the characteristic property of the nanoparticles [13]. The surface plasmon vibrations are due
to the dipole oscillation increasing when an electromagnetic field in the visible range is joined to the
collective oscillations of conduction electrons [14].

Figure 2- Synthesis of Fe,O3; NPs by E.coli (A) Control flask (without metal). (B) Reaction mixture
after biosynthesis of iron oxide nanoparticles.

Characterization of Iron Oxide Nanoparticles by E.coli:
UV-Vis Spectral Analysis:

The result obtained in this study showed that biosynthesized Fe,O3NPs exhibited a maximum peak
at 473 nm as shown in Figure-3 since a maximum peak at 473 nm is characteristic to spherical iron
oxide NPs [14]. The result showed that the color change play an important role in the detection of the
formation of nanoparticles, and this was confirmed by the appearance of the peaks in conjunction with
the absorbance during the time progresses. The peaks gave a spectroscopic signature of formation of
Surface Plasmon Resonance (SPR) of iron oxide nanoparticle [15].
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Figure 3- UV-Vis absorption spectrum of Fe;OsNPs
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Atomic Force Microscopy (AFM) analysis:
Biosynthesized Fe,OsNPs were further confirmed by AFM micrographic images as shown in

Figure-4, Cross-section of the Fe,O3NPs indicated that the surface topography of the synthesized iron
oxide nanoparticles was almost spherical in shape with particle size was approximately 67nm.
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Figure 4- Atomic Force Microscopy analysis of iron oxide nanoparticles biosynthesized by E.coli

Fourier-Transform Infrared Spectroscopy (FTIR) analysis:
The FT-IR spectrum of biosynthesized Fe,O; NPs showed that. The peaks at 1419.51 cm™ assigned

to O=C=0 stretching vibration. The band at 1579.59 cm™ associated with the O-H stretch vibration as
shown in Figure-5. The absorption bands at 1419.51 and 1579.59 cm™ normally from water and
carbon dioxide which generally nanomaterials absorbed from the surroundings due to their
mesophorous structure. The observed vibration bands at low regions suggest the formation of Fe,O3

NPs.
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Figure 5- FTIR analysis of iron oxide nanoparticles biosynthesized by E.coli

Optimization of parameters for the biosynthesized of Fe,O3NPs via E. coli:

1- Optimization of Temperature:
Different temperatures were selected (4, 18, 37 and 40°C). AFM readings were obtained after

incubation results of iron oxide nanoparticle produced by E.coli as shown in Table-2.
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Table 2- The average size iron oxide nanoparticles biosynthesized in different temperature as

measured by AFM technique.
Iilxg' Temperature Average size in nm measured by using AFM
1 4°C 78.4nm
2 18°C 75.2nm
3 37°C 59.7nm
4 40°C 99.9nm

It is known that with the increase in the temperature of the mixture rises reaction kinetics, which
eases the process of nucleation [16]. The size is reduced due to the reduction in the aggregation of the
growing nanoparticles. Increasing the temperature beyond a point (37°C) helps the growth of the
crystal around the nucleus (Figure-6) which leads to increase in size [17], and at a lower temperature,
reduction reaction might not be accomplished totally within a long period. The earlier reports also
suggested that increasing the temperature of the reaction influenced the production of nanoparticles

[16].
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Figure 6- AFM of Fe,O3NPs at temperature 37°C (Avg. diameter: 59.7nm)

2- Optimization of pH:
Three different pH were selected for optimization (5, 7, and 9). AFM readings were obtained after

incubation as shown in Table-3.

Table 3- The average size iron oxide nanoparticles biosynthesized in different pH as measured by

AFM technique.
Exp. H Average size in nm measured by
No. b using AFM
1 5 27.7nm
2 7 31.5nm
3 9 42.3nm

Out of these, pH 5 was found to be optimum for the making of Fe,O; NPs by E.coli (Figure-7).
Numerous studies have reported an increased synthesis of Fe,O; NPs at lower pH. The enzyme
reductase catalysing the synthesis is probably deactivated as condition convert more alkaline and this

might the cause for reduced synthesis [18].
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Figure 7- AFM of Fe,O3;NPs at pH 5 (Avg. Diameter: 27.7 nm)

Conclusion

In this study the biosynthesis of iron oxide nanoparticles is a simple step with eco-friendly
protocol. The characterization of Fe,Os;NPs exposed to E.coli isolate was confirmed by UV-Vis
Spectrophotometer AFM and FTIR analysis, and result showed the Fe,Os; NPs have spherical in shape
with a particle size in the range of 20- 40nm.
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