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A simple thermal decomposition approach for the synthesis of magnetic nanoparticles consisting of
silica as core and iron oxide nanoparticles as shell has been reported. The iron oxide nanoparticles
were deposited on the silica spheres (mean diameter =244 4+ 13 nm) by the thermal decomposition of
iron (III) acetylacetonate, in diphenyl ether, in the presence of SiO,. The core-shell nanoparticles were
characterized by X-ray diffraction, infrared spectroscopy, field emission-scanning electron microscopy
coupled with energy dispersive X-ray analysis, transmission electron microscopy, diffuse reflectance
spectroscopy, and magnetic measurements. The results confirm the presence of iron oxide nanoparticles
on the silica core. The core-shell nanoparticles are superparamagnetic at room temperature indicating
the presence of iron oxide nanoparticles on silica. The core-shell nanoparticles have been demonstrated
as good photocatalyst for the degradation of Rhodamine B.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Magnetic core-shell nanoparticles are of immense interest in
recent times due to their applications in waste water treatment,
immobilization of biomolecules, immunological assays, surface-
enhanced Raman scattering, etc. [1-4]. There are different types
of magnetic core-shell particles reported such as polymer [5,6],
protein [7], silver coated Fe304 [8], and silica [9-11]. Amongst the
different core-shell nanoparticles, magnetic silica microspheres
with silica as core and iron oxide nanoparticles as shell are well
known for their applications in catalysis, bio-separation, drug
delivery, genomic DNA isolation, and environmental remediation
[9-14]. They have been widely used as humidity sensors [15] and
catalysts for growing carbon nanotubes [16]. Silica spheres are also
known for their biocompatibility and stability against chemical
degradation [17-19].

The reported synthetic methods for the preparation of magnetic
silica core-shell nanoparticles include layer-by-layer assembly
[17], sonochemical deposition [20], electrostatic adsorption [21],
ferrite plating [22], aerosol assisted synthesis [23], hydrother-
mal chemical-vapour deposition [24], sol-gel [25], phase transfer
[26], micro-contact printing [27], spin coating [28], micro-emulsion
route [29], and bio-polymer template method [30]. There are a
number of disadvantages associated with the existing synthetic
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methods. For example, a separate coupling agent should be used
in the case of layer-by-layer assembly [17]. In ferrite plating and
electrostatic adsorption methods, desorption of magnetic particles
from the surface of silica takes place when the pH is increased
during the synthesis. In the case of sonochemical deposition, the
precursor (Fe(CO)s) may get thermally decomposed if the temper-
ature of the sonication bath exceeds —50 °C [20]. Aerosol pyrolysis
isrelatively expensive and some methods take longer time (15 h to
10 days) for the deposition.

In the present study, a simple thermal decomposition approach
has been reported for the synthesis of silica-iron oxide core-shell
nanoparticles. The deposition of iron oxide nanoparticles on
silica was made by a single step thermal decomposition of
iron (Ill) acetylacetonate, in diphenyl ether, in the presence of
silica spheres. The core-shell nanoparticles were expected to
exhibit interesting magnetic properties which can lead to useful
applications.

Iron oxide nanoparticles have been known for their catalytic
activity against the photo degradation of organic dyes which cause
air and water pollution [31]. The rate of degradation of the dyes
is usually slow, in sunlight, in the absence of a catalyst. Various
nanoparticles (a-Fe,03, Al;03, ZnO, etc.) have been used as cat-
alysts for the degradation of dyes in aqueous solution [32-34].
Rhodamine B (RhB) is one of the cationic dyes which are not
bio-degradable in water [32]. In the present study, the photo-
catalytic activity of the synthesized core-shell nanoparticles has
been demonstrated using the photodegradation of RhB in aqueous
solution.
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Experimental details and the nomenclature of the synthesized silica-iron oxide core-shell nanoparticles.

Sl. no. Iron (IIT) acetylacetonate Silica type and amount Name Crystallite size of iron oxide
(mmol) used (nm) (calcined at 750°C)

1 0.5 Activated, 1 mmol SF-1 12.0

2 1 Activated, 1 mmol SF-2 16.1

3 1 Unactivated, 1 mmol SF-3 -

2. Experimental
2.1. Reagents

Tetraethyl orthosilicate (98%, ACROS®), ethanol (99.9%), ammonia solution
(25%), iron (I11) acetylacetonate (>99%, ACROS®), diphenyl ether (98%), and methanol
(99%) were used as received.

2.2. Synthesis

The preparation of silica-iron oxide core-shell nanoparticles involves two steps
as discussed below in detail.

2.2.1. Preparation of silica microspheres

Silica spheres were prepared by the Stober process [35]. About 3.7ml of
tetraethyl orthosilicate was added drop wise to a solution containing 88.0 ml of
ethanol and 12.0 ml of ammonia in a 250 ml beaker under vigorous stirring. The
resultant mixture was kept for constant gentle stirring for about 24 h at room tem-
perature. The white precipitate obtained was centrifuged and washed with ethanol.
The as-prepared silica was then calcined at 500°C for 3 h inside a muffle furnace
(Nabertherm, heating rate =2 °C/min). The calcination step activates the silica thus

increasing the available active sites for the subsequent deposition of iron oxide
nanoparticles [36,37].

2.2.2. Deposition of iron oxide nanoparticles on silica spheres

Iron oxide nanoparticles were deposited on the silica spheres by the thermal
decomposition of iron (III) acetylacetonate in diphenyl ether [38]. The synthetic
details are given in Table 1 and the procedure is as follows.

About 0.17 g(0.5 mmol) or 0.35 g (1 mmol) of iron (IIl) acetylacetonate and 0.06 g
(1 mmol) of silica were added to 10 ml of diphenyl ether in a round bottom flask.
The contents were refluxed in air at about 225 °C for 70 min. The slurries obtained
were cooled to room temperature. Then, about 30 ml of methanol was added and the
obtained precipitates were centrifuged at 2500 rpm for about 20 min. The precipi-
tates were washed with methanol and dried at about 90°C overnight. Dark brown
coloured powders were obtained (yield =85-100 mg) which were then calcined in
air at two different temperatures, 350°C and 750°C for 3 h inside a muffle furnace.
Calcination at 350 °C led to a reddish brown powder whilst calcination at 750°C led
to a powder with intense reddish colour. Unactivated silica was also used for the
deposition of iron oxide nanoparticles to understand the effect of activation of silica
on the deposition of iron oxide nanoparticles. The nomenclature of the prepared
silica-iron oxide core-shell nanoparticles is also given in Table 1.
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Fig. 1. XRD patterns of (a) pure activated silica, as-prepared SF-1 and SF-2, (b) after calcination at 350 °C and (c) after calcination at 750°C.
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Fig. 2. FT-IR spectra of silica-iron oxide core-shell nanoparticles: (a) as-prepared, (b) after calcination at 350 °C and (c) after calcination at 750°C.

2.3. Photocatalytic activity studies

The photodegradation of RhB in aqueous solution was used as the test reac-
tion [32]. To about 3 ml of 0.02 mmol Rhodamine B aqueous solution in a quartz
cuvette (path length = 10 mm, volume = 3 mL), 10 mg of the catalyst (silica-iron oxide
core-shell nanoparticles) was added and sonicated for 10 min to achieve complete
dispersion of the catalyst. Then, 0.225 ml of 30% H,0; solution was added and the
mixture was irradiated under UV light (A =365 nm) at room temperature for about
2 h. The photodegradation of the dye was monitored by recording UV-visible spectra
as a function of time.

2.4. Characterization

All the samples were characterized using XRD, FT-IR, UV-Visible spectroscopy,
FE-SEM coupled with EDX analysis, Zeta potential measurements, transmission
electron microscopy, diffuse reflectance spectroscopy and SQUID measurements.
Powder XRD patterns were recorded on a Brucker AXS D8 diffractometer operating
with Cu Ko radiation (A =1.5406 A) with a scan speed of 2°/min. A Thermo Nicolet
Nexus Fourier transform infrared (FT-IR) spectrometer was used for recording the
IR spectra using KBr pellet method. Zeta potential measurements were carried out
on a Malvern Zetasizer (Nanoseries, Model: Nano - ZS90). For the Zeta potential
measurements, about 0.1 mg each of the sample powder was dispersed in about

Table 2

1 ml of Millipore water® and the measurements were made on the suspensions.
The morphology of the samples were analysed using a FEI Quanta 200F microscope
operating at 20 kV coupled with an energy dispersive X-ray analysis (EDXA) facility.

TEM analysis was done on a Philips CM 200 microscope operating at 200 kV.
Carbon or lacey carbon coated copper grids were employed for the TEM studies.
Diffuse reflectance spectra were recorded on a Shimadzu UV-3600 UV-Visible-NIR
spectrophotometer using a diffuse reflectance accessory in the wavelength region
300-800 nm using BaSO4 as the reference. Magnetic measurements (M-H) were
done on a Quantum Design (MPMSXL) magnetometer by varying the field up to
70kOe at 300K and 5 K. Zero field cooled (ZFC) and field cooled (FC) measurements
were carried out using the same instrument with temperature varying from 300 K to
5Katan applied field of 1000 Oe. For recording the UV-visible spectra of Rhodamine
B, during the photodegradation studies, a Shimadzu UV-1800 spectrophotometer
was used.

3. Results and discussion
3.1. XRD analysis

The XRD patterns of pure activated silica along with the
core-shell nanoparticles before and after calcination are shown

IR band positions and their assignments for the silica-iron oxide core-shell nanoparticles.

Band position (cm~1)

Assignment

SF-1 as-prepared  SF-1 calcined at 350°C  SF-1 calcined at 750°C

SF-2 as-prepared

SF-2 calcined at 350°C  SF-2 calcined at 750°C

1104 1106 1112 1104
803 810 814 803
485 472 472 466

- 552 550 -

1106 1112 (Si—0—Si) asym. stretch
810 814 (Si—0—Si) sym. stretch
472 472 8(Si—0—Si)

552 550 v(Fe—0)
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Silica

Fig. 3. SEM images of (a) silica, (b) SF-2 after calcination at 350°C and (c) SF-3 after calcination at 350°C.

in Fig. 1. Pure silica is amorphous. The core-shell nanoparticles
(SF-1 and SF-2) before and after calcination at 350°C show no
peaks due to any of the iron oxide phases (Fig. 1(a) and (b)).
This is attributed to the presence of ultrafine iron oxide nanopar-
ticles on the silica spheres. The XRD patterns of the silica-iron
oxide core-shell nanoparticles (SF-1 and SF-2), after calcination at
750°C, show peaks due to a-Fe,03 (JCPDS file no. 86-0550). The
crystallite size of a-Fe,03 was calculated using Debye-Scherrer’s
formula and the crystallite size varies from ~12nm to ~16 nm
depending on the concentration of iron (III) acetylacetonate
(Table 1).

3.2. FT-IR analysis

The IR spectra of pure silica, activated silica and silica-iron oxide
core-shell nanoparticles (SF-1 and SF-2) before and after calcina-
tion are shown in Fig. 2. The bands near 3500 cm~! and 1600 cm™!
are attributed to O—H stretching and bending, respectively
which arise from the surface hydroxyl groups of silica (Si—OH)

[39]. There is evidence for the presence of organic impurities
and the absence of H-bonding in the case of activated silica. In
the IR spectrum of unactivated silica (Fig. 2a), the broad band near
about 3220cm™! indicates the presence of H-bonding in between
the surface hydroxyl groups [40,41]. The bands near 1396, 947
and 561 cm™! arise from organic impurities and are attributed to
C—H bending, C—H rocking and tetramer of tetraethyl orthosilicate,
respectively [42]. These bands disappear in the case of activated
silica indicating the absence of organic impurities after the calci-
nation. The other observed bands in the range of 1500-400 cm™!

Table 3
Zeta potential measurements on different silica samples.

Sl. no. Sample Zeta potential (mV)
1 Unactivated silica -38.1
2 Fe (CsH70,); incubated on unactivated silica —-28.4
3 Activated silica -28.4
4 Fe (CsH70,)3 incubated on activated silica -13
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Fig. 4. SEM images of SF-1: (a) as-prepared, (b) after calcination at 350 °C and (c) after calcination at 750°C.

Table 4

EDX results of (i) SF-1 and (ii) SF-2 (before and after calcination). The analysis was done on five different spots.
Before calcination Calcined at 350°C Calcined at 750°C
% C % 0 % Si % Fe % C %0 % Si % Fe % C % 0 % Si % Fe
(i) SF-1
16.0 37.8 373 8.9 104 25.1 40.8 23.7 4.2 16.8 55.5 235
18.4 41.2 33.8 6.6 113 28.5 39.2 21.1 2.1 17.3 59.4 21.2
199 35.8 35.1 9.2 7.2 28.8 43.8 20.3 0.0 18.7 56.1 25.1
243 37.8 30.8 7.2 11.7 313 379 19.0 0.0 13.9 61.0 25.1
(ii) SF-2
27.8 349 33.5 8.6 6.0 26.8 55.7 115 13.7 334 47.6 52
249 319 38.7 7.2 7.9 21.8 58.4 11.8 12.7 33.2 49.0 5.1
243 335 38.0 6.0 17.4 37.9 36.8 7.9 5.5 12.8 65.3 16.4
13.6 11.6 60.1 7.9 18.7 38.8 35.1 7.4 6.4 16.3 61.4 15.8

30.3 13.6 45.8 17.4 8.6 319 50.7 8.8 10.8 22.1 52.4 14.7
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Fig. 5. SEM images of SF-2: (a) as-prepared, (b) after calcination at 350°C and (c) after calcination at 750 °C.

along with their assignments are given in Table 2. All the mag-
netic microsphere samples (SF-1 and SF-2) show bands at about
1110cm~1,800cm~! and 472 cm~! which are attributed to, respec-
tively asymmetric stretching, symmetric stretching and bending
modes of Si—O—Si group [43]. The calcined samples show bands
near 552cm~! which is attributed to the characteristic Fe—O
stretch in iron oxide nanoparticles [44]. The presence of a shoulder
observed near 645 cm~! for the calcined samples (insets of Fig. 2(b)
and (c)) is attributed to Si—O—Fe bond [43].

3.3. Zeta potential measurements

Zeta potential measurements were carried out on unactivated
silica, activated silica, and after incubating the silica (both unacti-
vated and activated) with Fe(acac)s;. The measured Zeta potential
values are summarized in Table 3.

In general, silica is negatively charged and the surface charge of
silica comes from the dissociation of silanol groups as shown in the
following equation.

® ()
si-ong H.si-ontLsio° 1)

The surface charge decreases as the number of surface hydroxyl
groups decreases. The surface charge on the unactivated silica
decreases from —38.1 mV to —28.4mV after incubating with iron
(IlT) acetylacetonate. The decrease in the Zeta potential is attributed
to the anchoring of iron (III) acetylacetonate molecules with the
surface hydroxyl groups. A large reduction in the surface charge is
observed after incubating the iron complex on the activated silica
(from —28.4mV to —1.3 mV). This is attributed to the fact that better
anchoring of iron (III) acetylacetonate occurs on activated silica.
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SF-1 — as-prepared

SF-1 — calcined at 350°C

-

SF-1 — calcined at 750°C

Fig. 6. TEM images of SF-1: (a) as-prepared, (b) after calcination at 350 °C and (c) after calcination at 750°C.

3.4. FE-SEM/EDX analysis

The SEM images of silica and silica-iron oxide core-shell par-
ticles, prepared using activated as well as unactivated silica (SF-2
and SF-3, respectively), are shown in Fig. 3. It can be seen that the
deposition of iron oxide nanoparticles is better when activated sil-
ica spheres are used (Fig. 3(b) versus Fig. 3(c)). Hence for further
studies, activated silica spheres were used for the deposition of
iron oxide nanoparticles. The effect of calcination temperature on
the core-shell particles (SF-1 and SF-2) is shown in Figs. 4 and 5. In
all the cases, with increase in calcination temperature, the growth
of iron oxide particles can be noticed.

The weight percentages of different elements present in the
silica-iron oxide core-shell nanoparticles (SF-1 and SF-2), as ana-
lysed by EDX, are given in Table 4(i) and (ii). The EDX analyses
indicate the presence of Si, O and Fe in all the core-shell nanoparti-
cles. The weight percent of iron on unactivated silica microspheres
was lower (3.2-8.8%). In SF-1, the percentage of iron varies from
6.6 to 9.2. On calcination at 350°C, the iron percentage increases
to 19.0-23.7% and to 19.7-25.1% on further calcination at 750°C.
The carbon content decreases with an increase in the calcination
temperature. Sample SF-2, before calcination, has a relatively non-
uniform presence of iron (6.0-17.4%). On calcination at 350 °C, the
percentage of iron varies from 7.4 to 11.8 and it varies from 5.1 to

16.4% after calcination at 750 °C. It can be concluded based on EDXA
that a relatively uniform deposition of iron oxide nanoparticles on
silica spheres is observed in sample SF-1,i.e. when lower concentra-
tion of iron (III) acetylacetonate (0.5 mmol) was employed during
the thermal decomposition.

3.5. TEM studies

The TEM images for the silica-iron oxide core-shell nanopar-
ticles (SF-1) are shown in Fig. 6. The presence of iron oxide
nanoparticles on silica spheres can be clearly seen. The iron oxide
particle size histograms for the calcined samples (Fig. 7) indicate
that the mean size of iron oxide nanoparticles is 7.1 4+ 0.7 nm after
calcination at 350°C. It increases to 13.9 + 1.4 nm after calcination
at 750 °C, which is comparable to the crystallite size calculated from
the XRD analysis (12 nm).

3.6. Diffuse reflectance spectral studies

The diffuse reflectance spectra of the silica-iron oxide core-shell
nanoparticles (SF-1 and SF-2) are shown in Fig. 8. In general, iron
oxides show bands due to single electron transition (6A; — 4T,)
in the range of 650-710 nm [45]. Also, an electron pair transition
(EPT) (5A; +6A; — 4T; +4T;) is observed for all the iron oxides in
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Fig. 7. Iron oxide particle size histograms of SF-1: (a) after calcination at 350 °C and
(b) after calcination at 750°C.

the range of 488-493 nm except for a-Fe,03; for a-Fe,03, the
EPT appears in the range of 521-565 nm [45,46]. The electron pair
transition determines the position of the absorption edge of the
spectrum whichin turnisrelated to the colour of the oxide. SF-1 and
SF-2 on calcination at 350 °C show a single electron transition near
650 nm indicating the presence of iron oxide on silica. After calci-
nation at 750 °C, the samples show single electron transition near
690 nm along with the electron pair transition near 570 nm indi-
cating the presence of a-Fe, O3 on the silica spheres, in accordance
with the XRD results (Fig. 1(c)).

3.7. Magnetic measurements

Magnetic measurements were carried out for the sample SF-1
which exhibits uniform deposition of iron oxide nanoparticles on
silica. The magnetization versus field (M-H) plots for SF-1 before
and after calcination are shown in Fig. 9. All the samples of SF-
1 exhibit superparamagnetic behaviour at 300K as well as at 5K
with negligible M; and H. values. Also, the iron oxide nanopar-
ticles attain saturation magnetization at low fields (1.7-2.6 kOe)
and this characteristics is important for biomedical applications
[47,48]. At 300K, the saturation magnetization (Ms) values before
and after calcination at 350°C and 750°C are 9, 13 and 2 emu/g,
respectively. The observed M values at 5K for SF-1 before and

a
Calcined at 350°C
=
&
-
X
. ; . ; . ; . ; .
300 400 500 600 700 800

Wavelength (nm)

Calcined at 750 C SF-1

% R (a.u.)

300 400 500 600 700 800
Wavelength (nm)

Fig. 8. Diffuse reflectance spectra of silica-iron oxide core-shell nanoparticles: (a)
after calcination at 350 °C and (b) after calcination at 750°C.

after calcination at 350°C and 750°C are 15, 15 and 2.5emu/g,
respectively. The Ms value of the calcined SF-1 (350 °C) measured at
300K (13 emu/g) is comparable to that of y-Fe,03/SiO; core-shell
nanoparticles (17.2 emu/g) reported by Chen et al. [49]. Also, the
M; value is less than that of bulk y-Fe,03 (Ms =76 emu/g at 300 K).
The lower Mg value for SF-1 after calcination at 750°C (2 emu/g) is
attributed to the conversion of y-Fe;03 to a-Fe;03.

SF-1 before and after calcination possess relatively higher Ms
values at 5 K than at 300 K indicating ferri/ferromagnetic behaviour
at 5 K where the magnetic moments are being blocked [48]. As the
temperature increases, the magnetic moments become unblocked
where the thermal energy exceeds the anisotropy energy barrier
and interactions between magnetic moments become less [50]. The
ZFCand FC curves at an applied field of 1000 Oe are shown in Fig. 10.
The blocking transition is clearly seen in SF-1 after calcination at
350°Cand the Ty is 109 K. The particle volume (V) can be calculated
from Tg using the following equation [51].

_ KegV

"~ 25kg (2)

Tg
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where K. is the effective anisotropy constant (for bulk maghemite,
Kefr=4.7 x 10* ergcm=3) and kg is the Boltzmann’s constant. The
average particle size (diameter) of the iron oxide nanoparticles
on silica (in SF-1 calcined at 350°C) was calculated as 24.8 nm. It
should be noted that the particle size calculated using Eq. (2) is
approximate since K.¢ can increase on reducing the particle size.
The ZFC curve of SF-1 after calcination at 750°C is broader with a
blocking transition indicating a wide size distribution for the iron
oxide nanoparticles. The characteristic Morin transition near 260 K
is also observed in the ZFC-FC curves of SF-1 after calcination at
750°C which indicate the presence of hematite nanoparticles on
the surface of silica spheres [52].

3.8. Mechanism of formation of iron oxide nanoparticles

The interaction between iron (IlI) acetylacetonate and silanol
groups can be explained by the H-bonding between the m-system
of acetyl acetone ligand and proton of the silanol group (Scheme 1).
This mode of bonding has been reported by various authors
[53-55]. Anchoring of the iron complex is better in the case of acti-
vated silica, compared to unactivated silica, due to the removal of
organic impurities and the removal of a few Si—OH groups that
were involved in H-bonding. On activation of silica at 500 °C, the
adsorbed water molecules and most of the vicinal (neighbour-
ing) hydroxyl groups get eliminated forming siloxane (Si—O—Si)

bonds; the isolated and geminal hydroxyl groups are removed only
above 600°C. It is known that the isolated and geminal hydroxyl
groups are more reactive than the vicinal (neighbouring) hydroxyl
groups [56]. This makes the isolated and geminal hydroxyl groups
readily available for anchoring of the iron complex. A mechanistic
scheme for the decomposition of iron acetylacetonate on silica has
been given (Scheme 2). Iron (III) acetylacetonate thermally decom-
poses, in air, at about 200 °C to produce iron oxide nanoparticles
(maghemite) along with by-products such as carbon monoxide,
carbon dioxide, methane and water [57]. The maghemite nanopar-
ticles are then transformed to hematite nanoparticles on the surface
of silica microspheres after heat treatment at high temperatures
(e.g. 750°C), as evidenced by XRD results.

4. Photocatalytic degradation of Rhodamine B

Hematite («-Fe;03), a narrow band gap semiconductor, has
been used as a catalyst for the photodegradation reactions due to its
photoelectrochemical stability in aqueous solution [31,32,58-60].
Since the magnetic silica-iron oxide core-shell nanoparticles (SF-1
and SF-2) after calcination at 750°C contain a-Fe;03 nanoparti-
cles, they were used for the photocatalytic degradation of RhB.
Pure silica and iron oxide nanoparticles were also used to test
their effectiveness as catalysts and a blank reaction was per-
formed in the absence of the catalyst. The photodegradation
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~200°C

4 (CsH,0,); Fe+ 170, ——— 2Fe;03+30C0 +10CO;, +20 CHy + 2 H,O

>350°C

vy — Fe 03 @ Sl02 — o - Fe 04 @ 8102

Scheme 2. Reaction mechanism involved in the formation of iron oxide nanoparticles by the thermal decomposition of iron (III) acetylacetonate.
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Fig. 11. Photodegradation of RhB in aqueous solution using different catalysts. The
irradiation time was kept constant at 120 min.

results, as monitored by UV-visible spectroscopy, are shown in
Fig. 11.

It can be noticed that the silica-iron oxide core-shell nanopar-
ticles (SF-1 and SF-2) serve as better catalysts compared to pure
silica and iron oxide nanoparticles. SF-1 calcined at 750°C has
better catalytic activity compared to SF-2 calcined at 750 °C. Kinet-
ics of the photodegradation was carried out for the best catalyst
(SF-1) (Fig. 12) and the inset in Fig. 12 shows the decrease in
the concentration of RhB at Apax (~555nm) in aqueous solution
with time. The complete degradation of RhB takes place in about
120 min.

0.8 ;
= (0 min. ' 10 '\ Catalyst = SF-1
|
1 e 30 min. 0.8
. A AN
4 60 min. Rl *
0.6 . A" O \
v 90 min. L7 *
e
] * 100 min. Hoe 02 "
. = % 00 N
< 110 min. > 0 20 40 60 80 100 120
0.4 120 min & Time (min.)
4 : -
= -
< -

0.0

400 500 600 700
Wavelength (nm)

Fig. 12. Kinetics of photocatalytic degradation of RhB using SF-1 catalyst after cal-
cination at 750°C (The inset shows the decrease in concentration of RhB with
irradiation time at Amax (~555nm). C, is the initial concentration of the dye and
C is the concentration of the dye at a given time, t.

The mechanism of degradation of RhB [32] involves the gen-
eration of charge carriers such as electrons and holes on UV light
irradiation as shown in Eq. (3).

a-Fe;03 — a-Fe,03(e™, h') 3)

The electrons can directly attack H, O, to form hydroxyl radicals
(OH*) as shown in Eq. (4).

H,0, +e~ — OH™ +OH* (4)

Also, the electrons can be trapped by Fe3* on the surface of the
catalyst (Egs. (5) and (6)).

Fe3t e~ — Fe?t (5)
FeZ+ + H,0, — Fe3* + OH™ + OH* (6)

The hydroxyl radicals lead to the photocatalytic degradation
[61] as shown in Eq. (7).

OH* + Dyemolecule — intermediates
— CO321 +H30 + mineral salts (7)

It is possible that RhB adsorbs on the surface of core-shell
nanoparticles and hence there is a decrease in the absorbance in
the UV-Visible spectra. But the RhB is not only adsorbed on the
silica spheres but it is also degraded which can be proved as fol-
lows. With an increase in the irradiation time, the absorbance in
the visible region not only decreases but also shifts to lower wave-
length (Fig. 12). This has been observed by Zhou et al. indicating that
both the chromophores and the aromatic rings of RhB are destroyed
instead of being simply decolourized due to adsorption [32]. Based
on the above studies, it is concluded that the silica-iron oxide
core-shell nanoparticles are good catalysts for the photodegrada-
tion of RhB in aqueous solution.

5. Conclusions

Synthesis of silica-iron oxide core-shell nanoparticles with sil-
ica as core and iron oxide nanoparticles as shell by a simple
thermal decomposition approach has been demonstrated. The iron
oxide nanoparticles have been deposited uniformly on the sil-
ica spheres by this approach. The core-shell nanoparticles are
superparamagnetic at room temperature and the magnetic mea-
surements indicate the conversion of iron oxide nanoparticles from
maghemite to hematite on the surface of silica microspheres on
calcination at 750 °C. The silica-iron oxide core-shell nanoparticles
are good catalysts for the degradation of Rhodamine B in aque-
ous solution. The present thermal decomposition approach may be
extended for the preparation of other magnetic core-shell nanopar-
ticles.
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