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ABSTRACT

Surface Modification with

Synthesis of Magnetite
= =" PAMAM Dendrimer

(Fes0s) Nanoparticles

=r> Coating of Magnetic == IR, UV-Vis, XRD and SEM

MNanoparticles by Aminosilane BT

Interest has been shown in iron magnetite nanoparticles because of its various important properties such as large surface area with high
surface-to-volume ratio, ease of separation, water solubility, super paramagnetism and biocompatibility. In addition to this, due to large
surface area, dendrimers can also be attached easily. In the present study, FesO, magnetic nanoparticles were synthesizedbyco-
precipitationmethod and cascading polyamidoaminedendrimersweresynthesized on the surface of these nanoparticles.Structural analysis of
these particles was done by XRD and FTIR. SEM showed clear dispersion of the Dendrimer-modified magnetic nanoparticles. Furthermore,

antimicrobial activity of these nanoparticles was studied against microbial strains Escherichia coli and Staphylococcus aureus.

Keywords: Polyamidoamine (PAMAM) Dendrimer, Magnetite Nanoparticle, Antimicrobial Activity.

INTRODUCTION

Metal oxides play a very important role in different areas of
physics, materials science and chemistry. They form a large
diversity of compounds and can adopt a vast number of structural
geometries with an electronic structure that can exhibit metallic,
semiconductor or insulator character. They are also used in the
fabrication of sensors, piezoelectric devices and microelectronic
circuits, fuel cells, anti corrosion coatings and as catalysts.

Magnetic nanoparticles (MNP) have been successfully used in
different scientific fields due to their magnetic, biocompatibility
and surface modification properties. For example, by using
magnetic field, drugs attached to magnetic particle can be
delivered to the desired target sites in the body."
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Iron oxide nanoparticles have a diameter between 1 - 100
nanometers and are found in two forms; magnetite (Fe;O,) and
maghemite (y-Fe,O;) which is in its oxidized form. Due to
their super paramagnetic properties, they have many potential
applications in different fields and are considered better than
Co and Ni nanoparticles as these particles are toxic and can be
easily oxidized. Surface modified nanoparticles have inner iron
oxide core with an outer metallic shell of inorganic materials. The
iron oxide nanoparticles have been coated with gold, silica,
gadolinium and other suitable elements. This coating provides not
only stability to nanoparticles in solution but also helps in binding
at nanoparticle surface for various biomedical applications.>” The
magnetic nanomaterials also find application in many new smart
materials designs and development.®®

Many detailed in vitro and in vivo studies have shown that
magnetic nanoparticles have less toxicity in humans and thus they
are being considered as a good candidate for use in drug delivery
systems."'*™ For the synthesis of magnetitt magnetic
nanoparticles co-precipitation method is amongst the most
efficient method which can be of further two types. One way is by
oxidizing iron (1) hydroxide suspensions by different types of
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oxidizing agents. Using this method, magnetic particles in the
range of 30 and 100 nm can be acquired.”***

The second method consists of stoichiometric mixtures of iron
(1) and iron (Il) hydroxides in aqueous media, yielding
consistent round size magnetite particles.'® In this method, the
chemical reaction occurs as follows

2Fe* + Fe*"+ 80H — Fe;0, + 4H,0

For this reaction optimum conditions are non-oxidizing
environment, pH between 8-14 and ratio of Fe*"/Fe®*of (2:1). As it
is highly  susceptible to oxidation, magnetite (Fe;0,) is
transformed to maghemite (yFe,Os) in the presence of oxygen'*:

2F6304 + 02 —2 'YFezog

The size and shape of the nanoparticles can be controlled by
adjusting pH, temperature, ionic strength, nature of the salts and
the Fe(l1)/Fe(l1l) ratio.

MATERIALS AND METHODS:

Synthesis of Magnetite (Fe;0,) Nanoparticles:

0.32 M NaOH solutions were prepared in 200 ml distilled
water. A mixture of 0.01M FeCl, and 0.02M FeCl; was prepared
in 100 ml distilled water. NaOH solution was added slowly to iron
salt solution until the pH reached ~8.7. Precipitates, thus obtained,
were washed with distilled water and ethanol. The solution was
heated to ~100° C to prepare dry powder. Ethanol was added to
disperse the magnetite nanoparticles.

Coating of Magnetic Nanoparticles by Aminosilane:

25 ml of above prepared magnetic colloidal ethanol solution
was diluted in 150 ml ethanol. The solution was ultrasonicated for
30 minutes. 10 ml 3-aminopropyl -trimethoxysilane (APTES) was
added to sonicated product and stirred for 7 hours. The resultant
solution was washed five times with methanol after magnetic
separation. APTES coated magnetic nanoparticles were dispersed
in methanol with 5% concentration.

Surface Modification with PAMAM Dendrimer:

50 ml of freshly prepared Magnetite (Fe;0,) Nanoparticle
solution was mixed with 200 ml of 20% (V/V) methyl acrylate
methanol solution and sonicated at room temperature for 6.5 hrs.
particles were then collected via a magnet and rinsed with
methanol six times. 40 ml of 50% (V/V) ethylene diamine
methanol solution was added to the particles and the suspension
was again sonicated for 3 hours. Magnetic separation was then
again used to collect particles. Number of generations (G1-G5)
were prepared by stepwise growing these nanoparticles using
ethylendiamine and methyl acrylate. The resultant product was
washed three times with water after magnetic separation.

Antibacterial Study:

The antibacterial activity of magnetite nanoparticles was
studied on Staphylococcus aureus and Escherichia coli strains
using well diffusion method as described by Moin et.al.”® The
antibacterial activity was identified by the formation of zone of
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inhibition. The area of the zone of inhibition is the measure of the
antibacterial potency of the drug. Larger the zone of inhibition
more effective the drug is.

For each bacterium, overnight serial dilutions were made on
Mueller Hinton agar (Himedia) to isolate single colonies after 18
hours of incubation at 37° C. Single colonies of bacterium were
picked up by a sterilized inoculating loop and subsequently
incubated in 25 ml Mueller Hinton broth (Himedia) to obtain pure
culture. Individual spread plates for each strain was prepared via
sampling 100 pl of this overnight pure culture. 5 wells per plate
were cut in the agar plates using disposable graduated 1 ml pipette
tip. 20ul, 40ul, 60ul, and 80ul of magnetite NPs sample was
loaded in the labeled wells in both the Petri plates. The middle
well of the Petri plate was loaded with Streptomycin (50ug/mL
positive control antibiotic). Plates were then incubated at 37°C for
20 hours.

RESULTS AND DISCUSSION

The crystalline phase of the prepared nanoparticles was
identified by XRD using XPERT-PRO diffract meter
(PANalytical -MNIT) equipped with CuKa radiation (A=0.15406
nm). The optical absorbance of the sample was recorded at room
temperature in the wavelength range 200-800 nm using a HR-
4000 Ocean Optics (USIC) spectrophotometer. Fourier Transform
Infrared Spectroscopy (FTIR) spectra was performed to the dried
sample of magnetite using a FTIR - Shimadzu (USIC)
spectrophotometer in wave range of 3500 - 4000 cm™ with a
resolution of 4 cm™. Morphological study of NPs and coated NPs
were carried out by SEM Carl Zeiss EVO 18 (30 kV) at (USIC-
UOR).

X-Ray Diffraction (XRD) of Magnetite NPs:

The XRD results indicate typical X-ray powder diffraction
patterns of magnetite nanoparticles (Figure 1). The experimental
results were compared with standard magnetite patterns. The XRD
patterns show characteristic peaks at 26 = 30.22°, 35.56°, 43.21°,
53.33°, 57.37°, 62.86°, and 74.55°, marked by (220), (311), (400),
(422), (511), (440) with lattice spacing d and lattice parameters ay,
Figure 1: XRD patterns of Fe;O, Ferrite NPs.
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The graph obtained shows that the resultant particles of Fe304
are of spinal structure. It is found that the position and relative
intensity of the peaks in the obtained XRD patterns match well
with the standard magnetite samples according to JCPDS Card
No. (79 - 0417). Considering the peak in degrees, particle size has
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been estimated by the Scherrer formula. The shape factor has a
typical value of about 0.9, but varies with the actual shape of the
crystallite; B is the line broadening at full width half maximum.
Dhkl is grain size of Magnetite nanoparticle. The particle size was
determined by taking the average of sizes at the peaks D220,
D311, D400, D422, D511 and D440 and was ~ 18 nm.

Ultraviolet Visible Spectroscopy Analyses of Magnetite NPs:

Figure 2 shows the optical absorption of Fe;O, NPs which is
measured in the wavelength range from 200 to 800 nm, with scan
interval of 0.2 nm.
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Figure 2: Absorbance A versus wavelength A (nm) of FesO4 NPs.

Davis and Mott gave an expression for the absorption
coefficient, a(v), as a function of photon energy (hv) for indirect
and direct transition.?’. By plotting (hva)* as a function of photon
energy (hv), the optical energy band gap for Eg transition can be
determined. The respective values of Eg are obtained by
extrapolating to (hva) ¥ = 0 for direct transition as shown in
Figure 3.
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Figure 3: Optical indirect and direct band gap determination of
Magnetite using Taucplots.

The values of indirect and direct band gaps of Magnetite are
less than as informed by El-Diasty et al. which is due to difference
in size (Magnetite in reference has size around 5nm but in the
present work it is 18 nm), which means that the energy band gap
of the nano materials are inverse proportional to their sizes.”* The
value of direct energy band gap is 2eV and indirect energy band
gap is 2.6eV. So sample has been classified as a semiconductor
{semiconductor energy band gap (0 - 3 eV)}*

Fourier Transform Infrared Spectroscopy Analysis of Magnetite
NPs:

Figure 4 demonstrates the FT-IR spectrum of Fe;0,
nanoparticles. In pure sample spectrum, presence of absorption
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bands at 425, 550 and 624 cm™ is associated with Fe-O stretching
vibrations of Fe*" and Fe*" ions in octahedral sites and those of
Fe* ions in tetrahedral sites confirm Fe,O, structure formation®.
FT-IR spectrum shows less intense H-O-H bending vibration in
the region 1600 - 1000 cm™, typical of the H,O molecule. The
second absorption band is between 1000-900 cm™ which
corresponds to bending vibration associated to the O — H bond.
The O-H bonds in plane and out of plane appears at 1583.45 —
1481.23 and 935.41 — 838.98 cm™, respectively.”* These first two
bands correspond to the hydroxyl groups attached to hydrogen
bonds at the iron oxide surface, as well as the water molecules
chemically adsorbed to the magnetic particle surfaces.
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Figure 4: Infrared spectra of the magnetite NPs.

They are characteristically pronounced for all spinal structures
for ferrites. In these regions, this occurs because the contributions
from the stretching vibration bands related to metal in the
octahedral and tetrahedral sites. Thus magnetite nanoparticles
have crystalline structure of inverse spinal type and FTIR
absorption spectroscopy allowed identifying characteristic
features of the spinal structure, as well as a presence of certain
types of chemical substances adsorbed on the surface of
nanoparticles.

SEM Images of Magnetite NPs:
Figure 5, Figure 6, Figure 7 and Figur
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Figure 5: SEM image of the magnetite NPs. (10 pm)
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micrograph of the nanoscales magnetite particles. Morphology of
the particles was uniform and each particle was approximately
ranging between 20 to 70 nm in diameter.
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Figure 6: SEM image of the magnetite NPs. (2 pm)
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Figure 8:SEM image of the magnetite NPs. (100 nm)

SEM Images of Dendrimer Modified Magnetite NPs:

Figure 9, Figure 10 and Figure 11 illustrate the SEM
micrograph at different resolutions of the dendrimer modified
magnetite particles. They depict the morphology and size
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distribution of magnetite nanoparticles modified with APTES and
their further number of dendrimer generation.
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Figure 10: SEM image of the dendrimer modified magnetite NPs. (1
pm)

i USIC
Date 2 May 2016 Univ.of Rajasthan 4B
Time 16:43:55 Jaipur - 302 004

EHT = 20.00 kv
WD =125 mm

Signal A = SE1
Mag = 18018 K X

Figure 11: SEM image of the dendrimer modified magnetite NPs.
(200 nm)

Antimicrobial Activity analysis

After time interval of 24 hours no antibacterial zone was found
around wells containing NPs (Figure 12a and Figure 12b).
Circular zone was observed around the antibiotic well which
means that these Magnetite particles have shown no activity
whereas the activity of the antibiotic was as expected.
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Figure 12:Antimicrobial activity againstStaphylococcus aureus
(Gram-Positive) (12a) and Escherichia coli (Gram-negetive)
(12b).

CONCLUSION AND FUTURE PROSPECTS:

In this study, superparamagnetic Fe;O, nanoparticles by co-
precipitation method and APTEScoated Fe;O, nanoparticles were
synthesised. Different physical characteristics of the Fe;O,
nanoparticles were studied using IR, UV-Vis, XRD and SEM
images. We determined thatthe diameter of Magnetite
nanoparticles to be around 18 nm. Optical band gap of Fe;O,
nanoparticles was calculated, direct band gap was found to be 2eV
and indirect band gap was 2.6eV. No antimicrobial activity was
observed as magnetite nanoparticles exhibited no inhibitory
activity against both gram-positive bacteria staphylococcus auries
and gram-negative bacteria Escherichia coli.

For the future treatment of cancer, the use of hyperthermia or
magnetic material for drug targeting or combining these
techniques with surgery, radiotherapy, or chemotherapy will
certainly be the subject of intense research. Similarly, synthesis of
magnetic material will focus strongly on biocompatible coatings
having affinities to different living cells. With the rapid progress
of computer technology; fast, powerful and non-expensive results
obtained will be used in conjunction with more realistic models
for numerical simulation.
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