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Abstract
Metal nanoparticles, especially iron oxide nanoparticles have mustered popularity owing to
its unique properties over other nano- formulations/ nanocarriers. Due to its super- para
magnetic nature, it is abbreviated as SPIONs (Super Paramagnetic Iron Oxide Nanoparticles).
Superparamagnetic iron oxide nanoparticles (SPIONs) have received substantial interest
owing to their potential applications in the fields of magnetic storage, catalysis, electrocatalysis and biomedical field, e.g., hyperthermia treatment, targeted drug delivery and
contrast agents for magnetic resonance imaging (MRI). In this study, SPIONs were
formulated and characterized for better understanding of the nano drug delivery systems. The
development and characterization of SPIONs were conducted. Due to its nano- size, longer
blood circulation time is possible and also, better absorption.
Keywords: nanoparticles, drug development, drug delivery, nanomedicine.

1. Introduction
The increasing interest for SPIONs is due to the discovery of their physical and chemical
properties. In particular, it has been shown that the magnetic anisotropy of magnetic
nanoparticles can be much greater than those of a bulk specimen, while differences in the
Curie or Néel temperatures, i.e., the temperatures of spontaneous parallel or antiparallel
orientation of spins between MNP and the corresponding microscopic phases, reach hundreds
of degrees [1, 2]. In addition, magnetic nanomaterials have been found to possess a number
of interesting properties such as giant magnetoresistance or abnormally high magneto caloric
effect [3]. Coated and multiply derivatized super para- magnetic iron oxide nanoparticles for
drug delivery systems have become the centre of research [4-6]. In the biomedical arena,
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nanoparticles are the subject of fast-moving developmental efforts in, e.g., diagnostic
imaging [7, 8]. Super para- magnetic iron oxide nanoparticles (SPIONs) with a diameter of
around 10 nm have been used for many years for, e.g., non- viral gene delivery, as MRI
contrast agents, or for typical separation applications [9, 10]. It has been shown that magnetic
particles are physiologically well tolerated and that the surface of the particles is responsible
for the biocompatibility and stability to the reticuloendothelial system [11, 12]. In this context
it is very important to realize that the size, usually in the 15 nm range, and the size
distribution of the nanoparticles suitably modified for biocompatibility play a crucial in
achieving the goals in the above applications [13, 14]. In particular as the particle size
decreases the surface properties are dominated by the structural disorder at the surface which
will affect the functionalization of the particles for a given application [15-17]. In this study,
we will develop and characterize SPIONs and understand the importance of controlling these
important physiochemical parameters for developing an efficient drug delivery system.

2. Materials and methodsFerric chloride anhydrous (FeCl3) and ferrous sulphate heptahydrate (FeSO4.7H2O) were
purchased from Thomas Baker Pvt. Ltd., India. Ammonia solution (25% v/v AR) and
ammonium persulfate was purchased from s d fine- Chem. Ltd., India. All chemicals were of
analytical grade and were used as purchased.

3. Formulation development3.1 Synthesis of SPIONs or pristine magnetite:
Ferrous Sulphate Heptahydrate and Ferric Chloride (anhydrous) were weighed in 2:1 ratio.
They were both dissolved individually in distilled water and were subjected to magnetic
stirring for about 20 minutes. A 2- neck flask was fitted in the clamp stand and placed in an
oil/ sand bath to maintain a temperature of 600- 700 C. One neck was used to add solutions to
the flask slowly while the other neck was fitted with nitrogen supply. 5 ml of 50% solution of
conc. Ammonia was added dropwise. After all the compounds were added to the flask, it was
heated and stirred simultaneously. A black coloured solution was formed at the end [18, 19].
The formulation was mixed with a lyoprotectant. It was then placed in the lyophilizer to
obtain a powder form of the formulation. It was then stored in air- tight amber coloured
containers for further use.
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3.2 Characterization of SPIONs:
3.2.1 Particle size measurement:
Particle size and zeta potential of the nanoparticles was measured by the standardized
method. The samples were diluted with water and probe sonicated for 5 minutes at room
temperature. Particle size was measured [20-22].

3.2.2 Zeta potential measurement:
The sample was diluted with distilled water. Zeta potential or the electrostatic repulsion
between the particle and liquid medium was measured [23, 24].

3.2.3 Surface morphology by Transmission Electron Microscopy (TEM):
Morphology of SPIONs was seen by Transmission Electron Microscopy (TECNAI G2
(220kV) HR- TEM; FEI). Appropriately diluted samples were negatively stained using the
dye uranyl acetate and poured on the copper grid and dried to become thin films. The sample
was placed in a vacuum chamber. The beam passes through them and this image was digitally
recorded and observed [25-27].

3.2.4 X-ray Diffraction (XRD):
X-ray diffractometer (XRD) (Rigaku RAD-B system) was used to characterize the phase
composition and crystallinity of the materials at a scanning rate of 3°/min, employing Cu Kα
radiation (λ = 0.15405 nm) [28, 29].

3.3 Iron content assay:
2M hydrochloric acid solution was added to the formulation. The sample was treated with
2mg of ammonium persulfate and 1.5M of colouring agent potassium thiocyanate. 10 mL of
an unknown sample solution was pipetted into a 250 mL volumetric flask and dilute to the
mark with distilled water. The flask was shaken several times to mix the solution. 25 mL
aliquots of this solution was added into 50 mL volumetric flask. The mixture was allowed to
stand for 10 minutes. The flask was filled up to the mark with distilled water and mixed well
by shaking the capped volumetric flask several times.
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spectrophotometer, the absorbance was measured. The
he quantitative determination of Fe3+ was
done at λmax. 243 nm and that of Fe2+ at λmax. 245 nm [30-32].

4

Results and Discussion:

4.1 Formulation synthesis:
synthesis
The co-precipitation
precipitation technique is among the most simple and efficient synthesis procedures.
It is based on simultaneous precipitation of Fe2+ and Fe3+ aqueous salt solutions via the
addition of a weak or strong base [33].. Most of commercially available SPION
SPIONs are
synthesized via this method.. The
T co-precipitation
precipitation technique is one of the most cost
cost- effective
routes for the high- yield synthesis of
of SPION with appropriate magnetic properties [34, 35].
Superparamagnetic iron oxide nanoparticles (SPIONs) were prepared by alkaline co
coprecipitation of ferric and ferrous chlorides in aqueous solution as described. Figure 1 shows
that when the magnet was placed at a certain height near the test tube outside, the formulation
moved upwards towards the magnet.

Figure 1:: The magnet has caused the liquid formulation to move upwards in the test
tube.
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4.2

CHARACTERIZATION OF NANOPARTICLES:

4.2.1 Particle size distribution:
The magnetic properties of nanoparticles depend on their size, shape and microstructure. The
size of nanoparticles was found to be 273 nm with a polydispersity index (PDI) of 0.4. Figure
2 shows the graph for particle size measurement.

Figure 2: Particle size of SPIONs.

4.2.2 Zeta potential of SPIONs:
The zeta potential indicates the stability of ions in the solution. The zeta potential should
ideally lie in the range of -30 mV to +30 mV. Here, the zeta potential was found to be -26
mV. Figure 3 shows the graph for zeta potential measurement.
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Figure 3: Zeta potential of SPIONs.

4.2.3 Particle shape (TEM)Figure 4 reveals the TEM photomicrographs. The shape of AA- SPIONs was found to be
having spherical shape with monodispersed particles with the average size of 300 nm which
is analogous to DLS measurements. Generally, TEM measures the particle size of static
particles.

Figure 4: TEM image of SPIONS.
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4.2.4. X-ray Diffraction (XRD)
In order to identify the physical state and crystallinity, the XRD spectra of native Fe3O4 and
XRD of formulation was carried out. The characteristic crystalline peaks at various 2θ
positions of 10°, 13°, 17°, 21°, 26°, 30°, 35°, 39°, 44°, 50° and 53°, corresponding to hkl
values of {131}, {151}, {168}, {182}, {148},{171}, {193}, {184}, {157}, {164} and {166}.
This proved that there was no change in the crystallinity of the formulation.

4.3 Iron content assayColorimetric analysis is based on the change in the intensity of the colour of a solution with
variations in concentration. Colorimetric methods represent the simplest form of absorption
analysis. An increase in sensitivity and accuracy results when a spectrophotometer is used to
measure the colour intensity. Basically, it measures the fraction of an incident beam of light
which is transmitted by a sample at a particular wavelength. To measure the difference in
intensity of the light beam, percent absorbance is calculated. For any given compound, the
amount of light absorbed depends upon (a) the concentration, (b) the path length, (c) the
wavelength and (d) the solvent. Absorbance is related to the concentration according to the
Beer-Lambert law:
A= €bc
Where € is the extinction coefficient (m-1 cm-1), b is the solution path length (cm) and c is the
concentration (moles litre-1). The reaction between the iron (III) ion and the iso- thiocyanate
ion takes place as follows:
(

.)+6

(

.) → [

(

) ]

(

.)

The iron content of SPION formulation was found to be 5.4% of Fe2+ and 4.63% of Fe3+.
Figure 5 shows the picture of the colorimetric estimation and calibration curves.
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Figure 5: (A) Pictorial depiction of colorimetric reaction for Ferric and Ferrous
estimation. (B) Calibration plot of Fe2+ ion and (C) Fe 3+ ion

5. CONCLUSION:
In this study, SPIONs were formulated and characterized for better understanding of the nano
drug delivery systems. The development and characterization of SPIONs were conducted.
Various characterization techniques were used to understand the physicochemical properties
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of iron oxide nanoparticles. Due to its nano- size, longer blood circulation time and also,
better absorption was observed. SPIONs form an important category of nano drug delivery in
the current scenario. Magnetic fields and nanoparticles have been harnessed for therapy,
diagnostics and drug delivery. It is concluded that this study can be further used to continue
to improve the properties of magnetic particles and drug carriers, as well as developing
technologies for cost-effective scale-up of magnetic systems.
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