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ABSTRACT

Hematite (a-Fe,0,) nanorods were synthesized by hydrothermal method
using Cetyltrimethylammonium bromide (CTAB) as a surfactant agent. To
study optical, nanostructural properties, and to control the morphology
and shape of nanorods, 0.025 mol L, 0.05 mol L' and 0.1 mol L!
concentration of CTAB were used. Moreover, the effect of interaction
between bovine serum albumin (BSA) A9418-5G protein solution
and hematite nanorods was investigated. Fourier transform infrared
spectroscopy (FTIR), transmitting electron microscopy (TEM), X-Ray
Diffraction (XRD), Energy Dispersive X-Ray Spectroscopy (EDS) and
UV-vis spectroscopy were used to characterize a-Fe,O, nanorods. The
samples prepared by the interaction of BSA protein and hematite nanorods
did not representa rod shape because the electrostatic interaction between
CTAB and BSA would cause the nanorods to have a limited capacity for
carrying protein. Hematite nanorods obtained from 0.025 mol L of CTAB
showed a maximum length of 25-30 nm. However, BSA protein solution
falsification of rod shape particles increased. The results showed that BSA
protein could affect the shape of hematite nanorods and their aggregation,
and formspherical structures as well.
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INTRODUCTION

In recent years, one of the most important
applications of magnetic nanorods in diagnosing
diseases, which are mainly done by biopsy [1],
blood detection [2] and medical imaging [3]
methods. These methods are unhelpful in the
first stage of the disease, expensive and not easily
accessible to many people [4-5]. So, we need
to look for a method that is both cost-effective
and also has the sensitivity and accuracy of the
diagnosis. For this purpose, we use the interaction
of magnetic nanorod with BSA aqueous solution
in which the albumin is known as a diagnostic
biomarker of kidney disease. The interaction of
BSA with nanorods can be a model for designing
a Magnetic nanobiosensor [6-7]. The magnetic
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nanobiosensor with fast, accurate and more
efficient diagnosis would prevent much healthcare
cost. This cost-effective and accurate diagnostic
method with high sensitivity could also detect first
signals of the disease [8]. In this paper, we discuss
the synthesis and characterization of Hematite
(a-Fe,0,) nanorods before and after interaction
with BSA. Various methods were proposed for the
synthesis of hematite nanorods, mostly based on
chemical methods. Some of the most important
ones include: thermal decomposition [9], wet
chemical [10], hydrothermal [11], template
mediated [12], hydrolysis [13], sol-gel [14] and co-
precipitation [15-16]. Until recently, hydrothermal
method was the most common approach for the
synthesis of hematite nanorods [17-19]. In the
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present work, hydrothermal method was used
in which CTAB acted as a surfactant agent at
room temperature and interacted with hematite
nanorods in BSA aqueous solution. Experimental
analysis revealed that BSA would conjugate with
inorganic molecules, binding in different directions
and changing the morphology and optical
properties of hematite nanorods after interaction
[22-24].

MATERIALS AND METHODS
Materials

Iron (w) chliride (FeCl), sodium hydroxide
(NaOH), Cetyl trimethylammonium bromide
(CTAB), Phosphate-buffered saline (PBS), and
bovine serum albumin(BSA) A9418-5G were all
purchased from Sigma-Aldrich and used without
further purification.

Synthesis of hematite nanorods

To synthesize hematite nanorods, 0.25 mol
L? of FeCI3 solution was added into a beaker,
followed by a dropwise addition of 8.5 mL of
NaOH (2mol L™*) and 8.0 mL of deionized water
(DIW) under vigorous magnetic stirring at room
temperature. Similarly, in a separate beaker,
CTAB of different concentrations (0.025, 0.05
and 0.1 mol L) was created. Two solutions were
slowly mixed while stirring continuously. Then,
the resulted transparent mixture was transferred
to an autoclave with a capacity of 60 mL, where
it was tightly sealed. The sample was heated to
150 °C and kept in an isothermal state for 6.0
h. Subsequently, the samples were cooled to
room temperature naturally. The product was
filtered and washed with deionized water for
three times. PBS pill was solved in 200 cc of
deionized water (DIW) to prepare PBS. It was
then added to nanorod solution with the same
volume of collected deionized water. To prepare
the interaction, 0.4, 0.8, 1.6, 3.2 and 6.4 mg per
mLconcentration of BSA to PBS solution and

hematite nanorods were combined. The resulting
interaction solution was saved for further
analysis.

Materials Characterization
UV-visible spectroscopy of synthesized magnetic
nanorods

Optical properties of hematite nanorods were
evaluated using UV-Vis spectrophotometer (GBC
Cintra 101), with DIW as dispersive medium.
First, distilled water was added to two cuvettes
regarded as reference and sample within the
system. Scanning the baseline, the wavelength
range was adjusted from 200 to 800 nm. In the
next step, both reference and sample cuvettes
were kept outside. The sample was diluted to 50%
and then poured back into its cuvette. Then, it
was put in the right place inside the device to be
scanned from 200 to 800 nm.

X-ray powder diffraction of hematite nanorods

X-ray powder diffraction (XRD) pattern of as-
prepared sample was measured using (GBC-MMA
007) X-ray diffractometer. The diffractograms were
recorded with 0.02° step size i (speed of 10 deg/
min) radiation over a 26 range of 10°-80°.

FTIR spectroscopy of synthesized hematite nanorods

Potassium bromide was used as the background
to measure FT-IR in 1730 Infrared Fourier
Transform Spectrometer (Perkin-Elmer). First,
the synthesized powder was completely mixed
with potassium bromide since KBr would not be
absorbed in the IR region. To make the pill ready to
draw FTIR graph,a press device was used.

Energy Dispersive X-Ray Spectroscopy (EDS)

Energy Dispersive X-Ray Spectroscopy (EDS)
analysis was used to determine the chemical
composition, weight percent (Wt%) and atomic
percent (At%) of the elements in each of the
compounds (Mira 3-XMU).

Table 1. Compared hydrothermal method with other methods in fabrication of rod-
shaped Hematite (a-Fe,0,) Iron Oxide Nanoparticles.

The method used by others

The advantage of hydrothermal method Ref.

Higher quality and the longer length of

Template Mediated the nanorods [25]

Solvothermal Simple and less costly [26]

metal-organic chemical Low temperature and control of reaction [27]
vapor deposition in the formation of nanorods

Sol-Gel Little time process and fewer precursor [28]

Wet chemical Less reaction and cost-effectiveness in [29]

terms of cost
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Transmission electron microscopy of synthesized
hematite nanorods

The morphology of solution samples without
any changes in their preparation was examined
by transmission electron microscopy (TEM, Philips
CM30, 150 kV).

RESULTS AND DISCUSSION

Fig. 1 shows UV-Vis spectroscopy of hematite
nanorods fabricated with different amounts of
CTAB at room temperature (RT). CTAB could affect
the shape of hematite nanostructures, causing
the products to reach nanorod morphology.
The sample prepared without CTAB could form
nanoparticle structure (see Fig.1-a), with one peak

nm. However, regarding other amounts of CTAB
(0.025, 0.05 and 0.1, mol L?), the absorption band
of hematite nanorods mainly located between
210-250 nm and 350-380 nm (see Fig.1, b-d), and
CTAB could influence the formation of hematite
nanorods. Figs. 2a-2c show optical absorption
spectra of hematite nanorods prepared with
constant amounts of CTAB and different volumes
of DIW to obtain nanorods with more regular
shapes. As can be seen, at 0.025 mol L™ of CTAB
with 5, 10 and 15 mL DIW, there were two sharp
peaks around 250 and 420 nm in the visible region
indicating that the product could exhibit the rod
shape of hematite nanostructures.

Xia and colleagues [30] showed a possible
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Fig. 1. UV-vis spectra of hematite nanorods prepared at RT with: (a) without CTAB, (b) 0.025 mol L™ (c) 0.05 mol L* and (d) 0.1
mol L'of CTAB.
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Fig. 2. UV-vis absorption spectra of hematite nanorods prepared at RT with 0.025 mol L of CTAB in (a) 15 mL DIW, (b) 10 mL DIW
and (c) 5 mL DIW.
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Fig. 3. UV-vis absorption spectra of hematite nanorods prepared at RT with (a) 0.4 mg/ml, (b) 0.8 mg/ml, (c) 1.6 mg/ml, (d) 3.2

mg/ml and (e) 6.4 mg/ml of BSA solution.
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Fig. 4. XRD pattern of as-prepared hematite nanorods at RT.

morphology of nanostructures. The interaction
between BSA protein and hematite nanorods
would cause the peak at 300 nm to disappear, and
the peak at 400 nm to show a red shift after adding
BSA solutions of 0.4, 0.8, 1.6, 3.2 and 6.4 mg per
ml (see Fig.3, b-f) concentrations. The interaction
could change the structure of hematite nanorods
due to the presence of a peak around 400 nm and
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the nanoparticles having spherical shape, which
was in agreement with TEM microscopic analysed
images.

XRD was used to study crystalline phase of
the hematite nanorod powder. Fig. 4 shows XRD
pattern of the powder obtained from 0.025 molof
L CTAB at RT. The sharp peaks would indicate
that the crystal structure of hematite nanorods
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was related to (111), (220), (222), (311), (400),
(422), and (511) Miller indices, corresponding to
the formation of hematite phase based on the
73-0603 standard card [31]. The average size was
calculated with Scherrer equation, according to
which the full width at half maximum (FWHM) of
peak 220 was about 15 nm [32,33]:

Where A = 0.154 nm, and 0 is the reflection
angle.

FTIR analysis was done to study the structure
and measures of chemical species of produced
particles. Fig. 5 shows FTIR spectra of hematite
nanorods before interacting with albumin. FTIR
pattern of hematite nanorods obtained from
0.025, 0.05 and 0.1 mol L concentration of CTAB
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Fig. 5. FTIR spectra of hematite nanorods prepared with (a) 0.025, (b) 0.05, and (c) 0.1 mol L* concentration of CTAB at RT.
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Fig. 6. FTIR spectraof hematite nanorods prepared (a) without albumin, (b) 0.4 mg/ml, (c) 0.8 mg/ml, (d) 1.6 mg/ml, (e) 3.2 mg/ml
and (f) 6.4 mg/ml concentration of BSA.
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modes. Figs. 5a-5c¢ show that, in symmetrical
vibrations, infrared spectroscopy bands were
1280-1400 cm™?, and in asymmetrical vibrations,
they were 1440-1660 cm™[34]. The band of
around 1443.20 cm™ indicated the presence of
CH, groups [35]. FTIR spectra contained several
small bands in 2850.04, 2918.42 and 3131.11 cm*
regions. These bands could be assigned either to
the carbonyl group or to asymmetric vibrations
of unidentified carboxylate [36-37]. On the other
hand, the stretching vibration showed a weak IR
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band of 1660-1640 cm™ that would overlap with
carbonyl vibrations [38]. Bands less than 650 cm™
also represented the Fe-O vibration mode [39].
Vibrations of hematite became apparent at 460.63
cm™ and 632.80 cm™. Adding BSA protein solution
to hematite nanorods, some changes in Fourier
transform infrared spectroscopy absorption of
BSA/a—FeZO3was observed, compared to a-Fe,O,
nanorods (see Fig.6, a-e). Fig. 6 illustrates a
mixture of nanorods and protein formed with 0.4
mg/ml, 0.8 mg/ml, 1.6 mg/ml, 3.2 mg/ml and 6.4
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Fig. 7. Elemental analyses of hematite nanorods prepared with (a) 0.025 mol L* CTAB, (b) 0.05 mol L' CTAB, (c) 0.1 mol L' of CTAB,
(d) 0.4 mg/ml BSA, (e) 0.8 mg/ml BSA and (f) 1.6 mg/ml BSA by Energy Dispersive X-Ray Spectroscopy (EDS).
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mg/ml of BSA solution. Increasing the volume of
BSA to 6.4 mg/ml at 2800-2900 cm™, nochanges in
chemical structures were seen. The main bonds in
BSA/a-Fezoswere formed at 1013.28 and 1647.59
cm™. These bonds corresponded to vibrational
modes of Iron to oxygen atoms, linking to proteins
on CTAB surface.

We used elemental analysis to prove the
existence of iron element in the samples. Fig. 7
shows the Energy Dispersive X-Ray Spectroscopy
(EDS) spectrum of hematite nanorods prepared
with 0.025, 0.05 and 0.1 mol Lconcentration of
CTAB and elemental analysis of hematite nanorods
after interacting with BSA in concentrations of 0.4,
0.8 and 1.6 mg/ml. As can be seen in the insert of
Fig. 7, the results indicated the presence of Fe and
O in the hematite samples. The sample with 0.8
mg/ml of BSA have more Wt% of Fe than samples
with 0.025, 0.05 and 0.1 mol Lconcentration of
CTAB.

TEM helped to obtain more morphological
details of nanostructures. Figs. 8a-8c show TEM
images of hematite nanorods prepared with

0.025, 0.05 and 0.1 mol L*concentration of CTAB,
and their distribution using Digimizer software.
The results showed the formation of uniform
nanorod structures. The average length of
hematite nanorods in TEM images was calculated
using Digimizer software. The distribution graph
of nanorods is presented in Figs. 10a-10c. As
shown in Fig. 10, the average lengths of hematite
nanorods were about 25-30, 50-55and 25-30 nm
in 0.025, 0.05 and 0.1 mol L'concentration of
CTAB, respectively.

Fig. 9 shows TEM images of hematite nanorods
after interacting with BSA. On average, the surface
charge of CTAB was positive, but in albumin the
surface charge was negative. Both positive and
negative charges interacted electrostatically.
When protein concentration was more than
CTAB, electron microscope images of samples
showed changes in morphology and aggregation
of the nanorods.The averagelengths of hematite
nanorods were about 25-30, 5-50and 30-40
nm at 0.4 mg/ml, 0.8 mg/ml and 1.6 mg/ml
concentration of BSA, respectively.

Fig. 9. TEM imagesof hematite nanorods prepared at (a) 0.4 mg/ml, (b) 0.8 mg/ml and (c) 1.6 mg/ml concentration of BSA.

J Nanostruct 9(1): 41-50, Winter 2019

47



A. Ramzannezhad et al.l / Properties of a-Fe,O, Nanorods in Interaction with BSA

FPopulation (%)

Fopulation {%)

Fopulation (%)

200 300

Size {nm

T

Papulation (%)

Population (%)

FPopulation (%)

Sizznm

Fig. 10. Size distribution of hematite nanorods prepared with (a) 0.025 mol L'* CTAB, (b) 0.05 mol L™ CTAB, (c) 0.1 mol L* of CTAB,
(d) 0.4 mg/ml BSA, (e) 0.8 mg/ml BSA and (f) 1.6 mg/ml BSA.

CONCLUSION

Hematite (a-Fe,0,) nanorods were synthesized
using hydrothermal method with CTAB as a
surfactant agent at different molar ratios. The
interaction between BSA protein and hematite
nanorods could affect the morphology and optical
properties of hematite nanostructures. The size
and shape of hematite nanorods could change
with different amounts of BSA solution at room

48

temperature. UV-vis spectroscopy revealed two
main peaks before interaction, which showed the
formation of nanorods. While adding BSA protein
solution to nanorods, peaks disappeared and
optical properties of samples changed. In addition,
the microscopic technique parallel to absorption
spectroscopy could confirm the formation of
hematite nanorods and their spherical shape after
interacting with BSA protein.
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