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Abstract

Magnetite nanoparticles (MNPs) and magnetite/silver nanoparticles (M/Ag
NPs) were synthesized by chemical co-precipitation of Fe** and Fe’*. In case
of M/Ag NPs, MNPs (core) were separately coated by silver metal (shell) in
presence of glucose as a reducing agent. The particle size and morphology of
the nanoparticles were characterized by dynamic light scattering (DLS) and
scanning electron microscopy (SEM). Magnetic properties were investigated
by vibrating sample magnetometry (VSM). The superparamagnetic natures of
the nanoparticles were confirmed by the absence of the hysteresis loop. Cov-
erage with silver produced a core-shell heterostructure which weakens mag-
netization of MNPs, inducing an inert character to the final nanostructure.
The surface conjugation of MNPs with silver metal has been employed in or-
der to improve the compatibility of magnetite nanoparticles to overcome
their limitations in practical applications.
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1. Introduction

During the last few years, magnetite (Fe,O,) nanoparticles have been attracting
interest, especially in the area of clinical-oriented medical applications, such
as diagnosis [1] [2], hyperthermia cancer treatment [3] or combating iron
deficiencies [4]. This was possible due to their properties like biocompatibility
[5] [6] [7] [8], biodegradability [9] [10] [11], magnetic behaviour [12] [13] and
the possibility of easy functionalization [14] [15]. Other possible uses of these
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nanoparticles might be in fields like catalysis [16] [17], environmental remedia-
tion [18] [19] [20] [21], electronics [22] [23] [24].

The chemical methods for synthesis offer the advantage that the resulting na-
noparticles can be functionalized at the end of the process, which ensures im-
proved stability compared to non-functionalized materials and conservation of
magnetic properties. One of the most common and easiest chemical methods for
magnetite nanoparticles synthesis is the co-precipitation developed by Massartin
1981 [25].

Metallic bonds are chemical bonds that form between metal elements. It is
very rare that this interaction takes place between the Fe atoms in the oxide
structure of magnetite and other metals, when developing core-shell metallic
nanoparticles. So, the current study purposed to synthesize and then character-
ize MNPs and M/Ag NPs [(Fe,0,) core-(Ag) shell] by using DLS, SEM and VSM

as a comparative study.

2. Experimental
2.1. Materials

Ferric chloride hexahydrate (FeCl;-6H,O), ferrous sulphate hexahydrate (Fe-
SO,-6H,0), ammonia solution, silver nitrate and glucose were purchased from
Sigma-Aldrich. All chemical reagents used in the experiments were used without

any further purification.

2.2. Preparation of Magnetite Nanoparticles (MNPs) and M/Ag
NPs [(Fe304) Core-(Ag) Shell]

Magnetite nanoparticles (MNPs) and magnetite/silver nanoparticles (M/Ag
NPs) were prepared as reported previously [26] [27]. Magnetite nanoparticles
(MNPs) were synthesized by chemical coprecipitation of Fe** (1 mol) and Fe** (2
mol) with the addition of NH,OH (30 wt%). M/Ag NPs [(Fe,O,) core-(Ag) shell]
is by directly reducing Ag" ions on the surface of the Fe,O, nanoparticles, using

reducing agents such as glucose.

2.3. Characterization

2.3.1. Dynamic Light Scattering
The average size was examined by means of dynamic light scattering (DLS, Zeta-

sizer Nano-ZS, Malvern Instruments, London, UK).

2.3.2. Scanning Electron Microscopy

The morphology of powder sample of Fe;O, nanoparticles was analyzed using
scanning electron microscopy (JEOL SEM, JSM-6360LA, Japan) at an accele-
rated voltage 20 kV.

2.3.3. Vibrating Sample Magnetometer
Magnetic characteristics were measured by VSM (Lake Shore-7410 vibrating
sample magnetometer, USA), magnetic field up to 30,000 Oe.
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3. Results and Discussion

Dynamic Light Scattering (DLS): DLS, also known as photon correlation spec-
troscopy, is one of the most popular methods used to determine the size of
MNPs. During the DLS measurement, the MNPs suspension is exposed to a light
beam (electromagnetic wave), and as the incident light impinges on the MNPs,
the direction and intensity of the light beam are both altered due to a process
known as scattering [28].

The hydrodynamic radius is the radius of a sphere that has the same diffusion
coefficient within the same viscous environment of the particles being measured.
It is directly related to the diffusive motion of the particles.

MNPs and M/Ag NPs size distributions via dynamic light scattering are
shown in Figure 1 and Figure 2. The mean particle size measured at angle (for-
ward angle 11°) of synthesized MNPs and M/Ag NPs were 10.6 and 20 nm, re-
spectively. Hydrodynamic size of M/Ag NPs greater than MNPs, which is a
strong evidence for extra layers attached on the surface of magnetite core. Mea-
surement at angle (side scattering 90°), it found that the mean particle size of
each has a higher value with a broad range (the variation of the intensity with
time) which means high distribution range of particles after silver coating on
MNPs surface.
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Figure 1. MNPs size distribution via dynamic light scattering.
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Figure 2. M/Ag NPs size distribution via dynamic light scattering.

Based on particle size, small particles move quickly with fast decay (driving
forces on them are the same) but large particles move more slowly and therefore
the decay is delayed (larger friction force with solvent) which is related to their
diffusion coefficients [29]. So, coating silver may promote surface properties
with good dispersion and aggregation stability to MNPs core carrier. Addition-
ally, indicating good physical contacts between the target materials and the hy-
brid nanoparticles which consider useful in many applications.

SEM analysis: The SEM micrographs of MNPs and M/Ag NPs are shown in
Figure 3(a) and Figure 3(b). The scanning electron micrograph of MNPs
(Figure 3(a)) shows smooth clusters of particles together and the aggregates are
slightly spherical in shape. The micrograph of M/Ag NPs (Figure 3(b)) shows
more compact particles aggregates with an improved surface. Clearly, the SEM
data serve as visual and descriptive evidence for the formation of Fe,O,/Ag
core-shell nanoparticles.

Magnetic analysis (VSM): Magnetic properties of MNPs and M/Ag NPs were
studied previously [26] [27] with a magnetometer with vibrating sample (a
maximum applied field of 30 k Oe) at ambient temperature. The changes in the
magnetization with the applied magnetic field are presented in Figure 4.

The superparamagnetic natures of the nanoparticles were confirmed by the
absence of the hysteresis loop. There was a decrease in the saturation magnetiza-
tion after coating MNPs (core) with Ag (shell). This indicates that the coverage
with silver weakens magnetization of MNPs, which diminishes magnetic proper-
ties for the M/Ag NPs and inducing an inert character to the final nanostructure.

The superparamagnetic of MNPs (core) with silver (shell) can be a potential
candidate to effectively applications with recyclable capability and minimum re-

lease into environment.
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(a) (b)
Figure 3. SEM micrographs: (a) Pure MNPs; (b) MNPs after coating Ag metal.

60

Magnetite-NPs
Magnetite-Ag-NPs

40

20

Moment/mass (emu/g)

-60 —
-30000  -20000

T T
-10000 0 10000
Field (Oe)

T 1
20000 30000

Figure 4. The relation between the applied magnetic field (H) (Oe) and the magne-
tization (M) (emu/g) of MNPs and M/Ag NPs.

4. Conclusion

Magnetite nanoparticles (MNPs) were synthesized using the coprecipitation
method. The direct route to obtaining this type of nano-composites M/Ag NPs
[(Fe;O,) core-(Ag) shell] is by directly reducing Ag* ions on the surface of the
Fe,0, nanoparticles, using reducing agents such as glucose. According to DLS,
coating silver may promote surface properties with good dispersion and aggre-
gation stability to the MNPs core carrier. SEM data serve as visual and descrip-
tive evidence for the formation of Fe,O,/Ag core-shell nanoparticles. Coverage
with silver produced a core-shell heterostructure which weakens magnetization

of MNPs, inducing an inert character to the final nanostructure.
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