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a  b  s  t  r  a  c  t

We  have  demonstrated  a  facile  fabrication  of  silver-deposited  silanized  magnetite  (Fe3O4/SiO2@Ag)
beads,  along  with  their  catalytic  performance  in  the  reduction  of  nitrophenols.  Initially,  283  ±  40  nm
sized  spherical  magnetite  (Fe3O4)  particles  composed  of  ∼13  nm  superparamagnetic  nanoparticles
were  synthesized,  and  then  they  were  silanized  following  the  modified  Stöber  method.  Silica-coated
magnetic  (Fe3O4/SiO2)  nanoparticles  are  then  resistant  to  oxidation  and  coagulation.  In  order  to
deposit  silver  onto  them,  Fe3O4/SiO2 nanoparticles  were  dispersed  in  a reaction  mixture  consisting
of  ethanolic  AgNO3 and  butylamine.  With  this  simple  and  surfactant-free  fabrication  method,  we
can  avoid  any  contamination  that might  make  the  Fe3O4/SiO2@Ag  particles  unsuitable  for  catalytic
applications.  The  as-prepared  Fe3O4/SiO2@Ag  particles  were  accordingly  used  as  solid  phase  catalysts
atalytic reduction
itrophenol

for  the  reduction  of 4-nitrophenol  (4-NP)  in the  presence  of  sodium  borohydride.  The reduction  of
other  nitrophenols  such  as 2-nitrophenol  (2-NP)  and  3-nitrophenol  (3-NP)  were  also  tested  using
the  Fe3O4/SiO2@Ag  nanoparticles  as catalysts,  and  their  rate  of reduction  has  been  found  to  follow
the  sequence,  4-NP>2-NP>3-NP.  The  Fe3O4/SiO2@Ag  particles  could  be separated  from  the  product
using  an  external  magnet  and  be  recycled  a number  of  times  after  the  quantitative  reduction  of
nitrophenols.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Magnetic nanoparticles are a class of nanoparticle which can
e manipulated using magnetic fields [1–3]. Such particles com-
only consist of magnetic elements such as iron, nickel or cobalt

nd their chemical compounds [4–7]. These particles have been the
ocus of much research recently because they possess attractive
roperties which could see potential use in catalysis, biomedicine,
agnetic resonance imaging, data storage, and environmental

emediation [8–15]. Nonmagnetic metal nanoparticles have also
ttracted a great deal of interest today [16–20].  Among others,
old and silver nanoparticles are receiving great attention due to
heir unique optical properties associated with surface plasmon
esonance [21–25].  Metallic nanoshells composed of a magnetic
ore and a concentric noble metal shell find many applications

n trace analysis and in heterogeneous catalysis [26–28].  Unfortu-
ately, these colloids are generally unstable, owing to aggregation
f the metal nanoparticles. In order to improve the stability of metal

∗ Corresponding author. Tel.: +82 2 8200436; fax: +82 2 8244383.
∗∗ Corresponding author. Tel.: +82 2 8806651; fax: +82 2 8891568.
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926-860X/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.apcata.2011.11.006
nanoparticles, various procedures have been employed to obtain
silica–metal composites. This is because colloidal silica, which is
thermostable and resistant to coagulation, avoids the aggrega-
tion of the metal particles. Guo et al. [29] reported a general
route to construct multifunctional Fe3O4/metal hybrid nanos-
tructures using 3-aminopropyltrimethoxysilane (APTMS) as a
linker.

Recently, we have shown that Ag can be deposited onto the sil-
ica beads, without using a linker like APTMS, by soaking them in
ethanolic solutions of AgNO3 and butylamine [30,31]. The extent of
silvering could be adjusted by varying the relative concentrations
of butylamine and AgNO3. The Ag-deposited silica (SiO2@Ag) beads
were then used as efficient surface-enhanced Raman scattering
(SERS) substrates that could be used as core materials of SERS-based
biosensors [31]. We have also demonstrated the facile synthesis
of Ag-deposited Fe2O3 (Fe2O3@Ag) particles and their application
as solid phase catalysts for the reduction of 4-nitrophenol (4-
NP) to 4-aminophenol (4-AP) in the presence of NaBH4 [8].  The
Fe2O3 (hematite) particles used earlier were commercial products

with very irregular shape and size distribution. Accordingly, it was
difficult to enjoy fully the properties of superparamagnetism, as
would be expected from nanometer sized magnetite (Fe3O4) parti-
cles. Bare Fe3O4 nanoparticles are, however, likely to form a large

dx.doi.org/10.1016/j.apcata.2011.11.006
http://www.sciencedirect.com/science/journal/0926860X
http://www.elsevier.com/locate/apcata
mailto:kshin@ssu.ac.kr
mailto:kwankim@snu.ac.kr
dx.doi.org/10.1016/j.apcata.2011.11.006
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ggregation and be easily oxidized or dissolved in an acid condi-
ions during the treatment procedure. Therefore, a protective layer
n top of the Fe3O4 nanoparticles is required. In that sense, silica
as been reported to be not only one of the ideal protective lay-
rs for Fe3O4 nanoparticles due to its high chemical and thermal
tability but also a suitable supporting matrix to immobilize Ag
anoparticles [32].

Aminophenol is an important intermediate in the preparation
f several analgesic and antipyretic drugs such as acetaminophen,
cetanilide, phenacetin, and so forth [33]. It is a strong reducing
gent and is used as a photographic developer. It is also used as a
orrosion inhibitor in paints and anticorrosion-lubricating agent in
uels. In the dye industry, aminophenol is used as a wood stain
nd as a dyeing agent for fur and feathers [34]. Due to the sig-
ificance of aminophenols, there is a demand for direct catalytic
eduction of nitrophenols [35]. Indeed, several research groups
ave investigated the catalytic reduction of nitrophenols with
aBH4 to aminophenols, using a number of noble metal nanopar-

icles [36–39].  In these studies, catalytic metal nanoparticles were
ostly deposited onto dendrimer/polymers or resin beads before

onducting the catalytic reduction of nitrophenol with sodium
orohydride. Recently, Mandal et al. [38,39] reported the prepara-
ion of spongy type gold or dendritic Ag nanostructures for such
atalytic reactions. Although these nanostructures may  possess
igh catalytic activity, it is still difficult to avoid their contamina-
ion caused by the formation of undesired byproduct in the reaction

edium.
In this work, we have firstly synthesized spherical Fe3O4 (mag-

etite) particles with a mean diameter of 283 ± 40 nm,  but are
ctually composed of ∼13 nm superparamagnetic particles, and
hen the as-prepared Fe3O4 particles are coated with SiO2 onto
hich Ag nanoaggregates are finally assembled to endow them
ith both the superparamagnetism and catalytic activity. With

his simple and surfactant-free fabrication method, we  can avoid
ny contamination that might make the Ag-deposited SiO2-coated
e3O4 particles (hereafter, denoted by Fe3O4/SiO2@Ag) unsuitable
or catalytic applications. The Fe3O4/SiO2@Ag nanoparticles are sel-
om used as catalysts for the reduction of nitrophenols by NaBH4.
e demonstrate the usefulness of those Fe3O4/SiO2@Ag nanopar-

icles especially in the catalytic reduction of 4-NP to 4-AP by
odium borohydride in aqueous solution. Other nitrophenols like
-nitrophenol (2-NP) and 3-nitrophenol (3-NP) were also tested
ith NaBH4 using Fe3O4/SiO2@Ag nanoparticles as catalyst. The
ybrid magnetic nanoparticles prepared in this work can be sepa-
ated from the product using a neodium magnet and can be recycled

 number of times after the quantitative reduction of nitrophenols.

ig. 1 depicted the performance of Fe3O4/SiO2@Ag nanoparticles
s catalysts in the reduction of nitrophenols to aminophenols by
aBH4.

ig. 1. Schematic representation of the performance of Fe3O4/SiO2@Ag nanoparti-
les as catalysts in the reduction of nitrophenols to aminophenols by NaBH4.
neral 413– 414 (2012) 170– 175 171

2. Experimental

2.1. Materials

Ferric chloride six hydrate (FeCl3·6H2O), tetraethyl orthosilicate
(TEOS, 98%), silver nitrate (AgNO3, 99.8%), n-butylamine (C4H11N,
99%), 2-NP (99%), 3-NP (99%), 4-NP (99%) and sodium borohydride
(NaBH4, 99%) were purchased from Aldrich and used as received.
Ammonia solution (28–30 wt%) was  obtained from Samchun Pure
Chemical Company. Other chemicals, unless specified, were of
reagent grade, and highly purified water, of resistivity greater than
18.0 M� cm,  was used throughout the experiments.

2.2. Synthesis of Fe3O4 particles

Spherically shaped Fe3O4 particles were synthesized follow-
ing the protocols of Deng et al. [40]. Initially, FeCl3·6H2O (1.35 g,
5 mmol) was  dissolved in ethylene glycol (40 mL)  to form a clear
solution, followed by the addition of sodium acetate (3.6 g) and
polyethylene glycol (1.0 g). The mixture was  stirred vigorously for
30 min  and then refluxed at 200 ◦C for 24 h. After cooling to room
temperature, the black products were washed several times with
ethanol and then dried at 60 ◦C for 6 h. The formation of Fe3O4 was
confirmed by X-ray diffraction (XRD). According to Transmission
electron microscopy (TEM) images, the size of Fe3O4 particles was
approximated to be 283 ± 40 nm in diameter.

2.3. Preparation of Fe3O4/SiO2@Ag beads

Silver can be deposited directly onto Fe3O4 (magnetite) par-
ticles. However, a more homogeneous deposition of Ag and the
increased dispersion stability are accomplished once Fe3O4 is
coated with SiO2 beforehand [41]. Accordingly, Fe3O4 particles
(10 mg)  were dispersed in 30 mL  ethanol into which water (8 mL),
NH3 (30%, 0.5 mL)  and TEOS (0.5 mL)  were added with sonication.
After 1 h, the black precipitate was collected with a perma-
nent magnet, and rinsed with ethanol three times. Subsequently,
2 mg  of silica-coated Fe3O4 (Fe3O4/SiO2) particle was placed in a
polypropylene container into which 10 mL  of a silvering solution
was  added, and then incubated for 40 min  at 50 ◦C with vigorous
shaking. The 4 mM of AgNO3 and 4 mM of butylamine in abso-
lute ethanol were used as a silvering mixture. The polypropylene
container was used to avoid nonspecific silvering of the reaction
vessel. The Fe3O4/SiO2@Ag particles were separated from the reac-
tion mixture by using a neodium magnet, rinsed with ethanol, and
redispersed in purified water (2 mg/10 mL).

2.4. Catalytic reduction of nitrophenols

In a typical reaction, 2.5 mL  of 2.0 × 10−7 M nitrophenols (2-
NP, 3-NP, and 4-NP) were mixed with 0.02 mg of Fe3O4/SiO2@Ag
nanoparticles at room temperature in a glass vial. A fresh prepared
aqueous solution of 0.1 mL  NaBH4 (1.0 M)  was  then added with
constant stirring. In order to avoid magnetic condensation, the stir-
ring was  performed with a mechanical stirrer. Then, UV–visible
(UV–vis) absorption spectra were recorded with time to monitor
the change in the reaction mixture.

2.5. Instruments

UV–vis absorption spectra were obtained using SCINCO S-4100
and Avantes 3648 spectrometers. The magnetic properties were

measured using a Quantum Design SQUID Magnetometer. TEM
images were obtained on a LIBRA-120 transmission electron micro-
scope at 120 kV. XRD patterns were obtained on a MAC  Science
Co M18XHF-SRA powder diffractometer for a 2� range of 30–80◦
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ig. 2. XRD spectra of (a) Fe3O4, (b) Fe3O4/SiO2, and (c) Fe3O4/SiO2@Ag particles:
EM  images of (d) Fe3O4, (e) Fe3O4/SiO2, and (f) Fe3O4/SiO2@Ag particles.

t an angular resolution of 0.05◦ using Cu K� (1.5406 Å) radia-
ion. Infrared spectra were obtained using a Bruker IFS 113v FT-IR
pectrometer equipped with a Globar light source and a liquid N2-
ooled wide-band mercury cadmium telluride detector.

. Results and discussion

.1. Characterization of Fe3O4/SiO2@Ag beads

All the XRD peaks of iron oxides synthesized in this work can be
ndexed to the magnetite structure of Fe3O4 (JCPDS 75-1609), as in
ig. 2a. The average size of the Fe3O4 nanoparticles deduced from
herrer’s formula is about 13 nm [42]. The TEM image (see Fig. 2d)
hows that Fe3O4 particles are spherical with a mean diameter of
83 ± 40 nm.  The discrepancy between the XRD and TEM data can
e understood by assuming that the 283-nm sized particles were
ctually composed of 13-nm sized Fe3O4 nanoparticles [26]. This
uggests that Fe3O4 nanoparticles have self-assembled into spher-
cal aggregates. In fact, a close look at the TEM image indicated that
arge particles consisted of agglomeration of small particles. Disor-

ered pores existed among the primary nanoparticles but within
pherical aggregates. As explained in Section 2, a more homoge-
eous deposition of Ag and the increased dispersion stability are
ccomplished once Fe3O4 is coated with SiO2 beforehand.

ig. 3. Diffuse reflectance infrared spectra of (a) before and (b) after silanization
nto the Fe3O4 nanoparticles.
Fig. 4. (a) Magnetization curve of the as-prepared Fe3O4 particles measured at
room temperature: Inset shows a magnified view at low applied fields. (b) A similar
magnetization curve measured for Fe3O4/SiO2@Ag particles.

The existence of polyethylene glycol used during the synthe-
sis of Fe3O4 particles can be verified from the IR spectrum (shown
in Fig. 3a). The peaks around 2930, 2844, and 1444 cm−1 can be
assigned, respectively, to the asymmetric and the symmetric C–H
stretching vibration and to the deformation of the –CH2– groups. On
the other hand, the peaks at 1386 and 888 cm−1 can be attributed,
respectively, to the deforming and the out-of-plane bending vibra-
tion for both the isolated and bridged surface hydroxyls. In addition,
the peak centered at ∼595 cm−1 would be indicative of the presence
of a strong interaction between polyethylene glycols and Fe3O4 par-
ticles [43]. The successful silanization can also be confirmed from
the IR spectrum (shown in Fig. 3b). The two strong bands appear-
ing at ∼1230 and ∼1120 cm−1, as well as a somewhat weaker band
at ∼801 cm−1, can be attributed to the vibrational modes involv-
ing the bridging oxygen atoms in Si–O–Si moieties, while the peak
at ∼948 cm−1 is due to the Si–O stretching vibration of the Si–OH
bonds [44,45]. According to the TEM image (see Fig. 2e), the silica
shell thickness is estimated to be about 50 nm.  The deposition of Ag
onto silica-coated Fe3O4 (Fe3O4/SiO2) using a 1:1 molar ratio of Ag+

and butylamine can be confirmed from the corresponding XRD data
shown in Fig. 2c as well as from the TEM image shown in Fig. 2f. The
four XRD peaks of Fe3O4/SiO2@Ag particles appearing at 2� values
of 38.1◦, 44.3◦, 64.4◦, and 77.3◦ can be attributed to the reflections
of the (1 1 1), (2 0 0), (2 2 0), and (3 1 1) crystalline planes of cubic Ag,
respectively [46]. According to the Sherrer’s equation, the size of the
Ag nanoparticles is estimated to be 30 nm.  Therefore, the average

size of Fe3O4/SiO2@Ag particles is estimated to be about 363 nm.
The XRD peaks of (3 1 1) planes of Fe3O4, marked with asterisks (*)
in Fig. 2b and c, are barely seen in the patterns of Fe3O4/SiO2 and
Fe3O4/SiO2@Ag particles. This means that once the Fe3O4 particles
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Fig. 5. UV–vis absorption spectra of 4-nitrophenol (4-NP) taken (a) before and (b)
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Fig. 6. (a) Successive UV–vis absorption spectra of the reduction of 4-nitrophenol
by  NaBH4 in the presence of Fe3O4/SiO2@Ag  particles. (b) Plot of ln(At/A0) against
fter immediate addition of NaBH4 and (c) that of 4-aminophenol (4-AP) shown
or comparison. (d) UV–vis absorption spectra of 4-NP taken up to 20 min  with the
ddition of NaBH4 and Fe3O4/SiO2 particles.

re completely covered by thick layers of SiO2, the reflection peaks
hat corresponding to Fe3O4 must almost disappear.

Fig. 4a shows the magnetization curve of the as-prepared
e3O4 particles measured at room temperature. The curve presents

 small hysteresis loop, and the magnetic saturation value is
70 emu/g. From a magnified view of the magnetization curve at

ow applied fields, the remnant Mr defined as the magnetization at
 = 0 is about 1.3 emu/g, while the coercity Hc defined as the field
agnitude necessary to obtain M = 0 is about 9.5 Oe. It has been

eported that the magnetic Fe3O4 particles exhibit superparamag-
etic behavior when the particle size decreases to below a critical
alue, generally around 20 nm.  The relatively high Ms value with
elatively low Hc and Mr values in this work can then be attributed
o the small primary particle size of about 13 nm in dimension, as
ell as to the oriented attachment of primary particles in large

pherical aggregates. Fig. 4b then shows the magnetization curve
easured for the Fe3O4/SiO2@Ag particles. The magnetic satura-

ion value has decreased nearly to one third of the initial value after
oating with silica and silver, i.e. ∼25 emu/g. A part of the decrease
s due to mass effect of silica and silver, and the remaining part
s due to their diamagnetic shielding. Anyhow, the Fe3O4/SiO2@Ag
articles could be magnetically concentrated and readily picked up
sing a small magnet.

.2. Catalytic activity of Fe3O4/SiO2@Ag beads
In order to study the catalytic activity of the Fe3O4/SiO2@Ag, we
ave chosen the reduction of 2-NP, 3-NP, 4-NP, and 4-NA by NaBH4
s model reactions. UV–vis absorption spectra were recorded with
ime to monitor the change in the reaction mixture. It has been
reaction time for Fe3O4/SiO2@Ag nanoparticles in the catalytic reduction of 4-
nitrophenol.

observed that, after immediate addition of freshly prepared aque-
ous solution of NaBH4, the peak due to 4-nitrophenol was red
shifted from 317 to 400 nm (see Fig. 5a and b). This peak was
due to the formation of 4-nitrophenolate ions in alkaline condition
caused by the addition of NaBH4. In the absence of proper catalyst,
the thermodynamically favorable reduction of 4-nitrophenol (the
standard reduction potentials for 4-nitrophenol/4-aminophenol
and H3BO3/BH4

− are −0.76 and −1.33 V, respectively) was not
observed and the peak due to 4-nitrophenol ions at 400 nm
remains unaltered even a couple of days as reported in the lit-
eratures. The UV–vis absorption spectrum after the addition of
Fe3O4/SiO2 beads in the mixture of 4-nitrophenol and NaBH4
also remains unaltered with time, as shown in Fig. 5d, which
means that pure Fe3O4/SiO2 beads do not work as catalyst for this
reaction.

Fig. 6a shows the UV–vis absorption spectra, representing
the reduction of 4-NP to 4-AP by NaBH4 in the presence of
Fe3O4/SiO2@Ag beads. In the absence of Fe3O4/SiO2@Ag beads,
the aqueous mixture of 4-NP and NaBH4 shows a maximum
absorption at 400 nm,  which, as mentioned above, corresponds
to 4-nitrophenolate ion in alkaline conditions, and the peak
remains unaltered with time. However, the addition of small
amount of purified Fe3O4/SiO2@Ag beads (0.02 mg) with stirring
causes fading and ultimate bleaching of the yellow color of the

reaction mixture. As shown in Fig. 6a, time-dependent UV–vis
spectra of this catalytic reaction mixture shows the disappearance
of 400 nm peak and the gradual development of the new peak
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Fig. 7. Successive UV–vis absorption spectra of the reduction of (a) 3-nitrophenol
and  (b) 2-nitrophenol by NaBH in the presence of Fe O /SiO @Ag particles. (c) Plot
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f  ln(At/A0) against reaction time for Fe3O4/SiO2@Ag nanoparticles in the catalytic
eduction of 2-nitrophenol, 3-nitrophenol, and 4-nitrophenol.

t 300 nm which substantiates the formation of the 4-AP (see
ig. 5c). These results indicate that Fe3O4/SiO2@Ag catalyze the
eduction process. In this experiment, the concentration of the
orohydride ion, used as reductant, largely exceeds (∼100 times)
hat of 4-NP. As soon as we added the NaBH4, the Fe3O4/SiO2@Ag
eads started the catalytic reduction by relaying electrons from the
onor BH4

− to the acceptor 4-NP right after the adsorption of both

nto the particle surfaces. As the initial concentration of sodium
orohydride was very high, it remained essentially constant
hroughout the reaction. Therefore, for evaluation of the catalytic
ate pseudo-first-order kinetics with respect to 4-NP was used.
Fig. 8. The variation of the rate constant of the reduction of 4-nitrophenol by NaBH4

in the presence of Fe3O4/SiO2@Ag nanoparticles up to 20 cycles.

The rate constant of this catalytic reaction in the presence of the
Fe3O4/SiO2@Ag beads is 2.5 × 10−2 s−1, as measured from the plot
of lnA  (A = absorbance at 400 nm) versus time (shown in Fig. 6b).

3.3. Reduction of other nitrophenols

Reduction of different nitro compounds was  also studied using
NaBH4 in presence of Fe3O4/SiO2@Ag beads. The yellow color of
2-NP and 3-NP was  discharged during the course of reduction
under identical condition. As shown in Fig. 7a, the peak at 390 nm
corresponding to the absorbance peak of 3-NP (1.0 × 10−5 M)
decreases gradually on NaBH4 (1.0 M)  reduction in presence of
Fe3O4/SiO2@Ag beads (0.02 mg). Again similar situation occurred in
case of 2-NP whose peak in alkaline aqueous solution appeared at
416 nm but disappeared in the course of Ag catalyzed NaBH4 reduc-
tion (Fig. 7b). In all cases, the silver plasmon band remained masked
with the absorption band of the nitro compounds until complete
conversion of the corresponding amino derivatives. The rate con-
stants of the catalytic reduction of 2-NP and 3-NP in the presence
of the Fe3O4/SiO2@Ag beads are determined to be 5.5 × 10−3 and
2.4 × 10−3 s−1, respectively. A comparative study revealed that the
rate of reduction follows the order, 4-NP>2-NP>3-NP (Fig. 7c).

3.4. Catalytic recyclability of Fe3O4/SiO2@Ag beads

The Fe3O4/SiO2@Ag nanoparticles are very effective for the cat-
alytic reduction of 4-NP. At the end of the reaction, the catalyst
particles remained active and were easily separated from the prod-
uct, 4-AP, using a neodium magnet. After one cycle of reaction,
the particles were washed thoroughly with distilled water and
could be recycled a number of times for the reduction reaction. To
demonstrate magnetic recovery of the Fe3O4/SiO2@Ag nanoparti-
cles, we increased the volume of reagents and catalysts by 30 times
so that the Fe3O4/SiO2@Ag nanoparticles can be recovered more
efficiently using a neodium magnet. The catalytic recyclable usage
of the Fe3O4/SiO2@Ag (0.02 mg)  nanoparticles for the reduction
of 4-NP (0.06 mL,  1.0 × 10−5 M)  in the presence of NaBH4 (0.2 mL,
1.0 M)  and purified water (2.5 mL)  was studied. Fig. 8 shows the cat-
alytic efficiency of the Fe3O4/SiO2@Ag nanoparticles after 20 cycles.
The result shows that the catalytic activity of the Fe3O4/SiO2@Ag
nanoparticles decreased slightly after 20 cycles of the catalysis

experiments. The reason for slight decrease of the catalytic activ-
ity may  be that some of Fe3O4/SiO2@Ag nanoparticles are not fully
recovered using an external magnet or the Ag nanoparticles are
detached away from the Fe3O4/SiO2@Ag nanoparticles when they
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re stirred, as a result, the catalytic efficiency of the Fe3O4/SiO2@Ag
anoparticles decreases.

. Conclusions

In the present study, Fe3O4/SiO2@Ag beads are prepared and
heir application for the catalytic reduction of nitrophenols in
he presence of sodium borohydride is examined. In order to
void the aggregation of the metal particles, silica was coated on
e3O4 nanoparticles using the modified Stöber method. Then silver
as deposited onto Fe3O4/SiO2 nanoparticles simply by soaking

hem in ethanolic solutions of AgNO3 and butylamine and their
haracteristics are examined by TEM, XRD, UV–vis, and magne-
ometer analyses. With this simple and surfactant-free fabrication
f Fe3O4/SiO2@Ag nanoparticles, we can avoid contamination in the
nal product, which makes them suitable for further catalytic appli-
ations. The catalytic activity of Fe3O4/SiO2@Ag nanoparticles thus
repared was investigated in the reduction reaction of nitrophenols
2-NP, 3-NP and 4-NP) to aminophenols by NaBH4. A comparative
tudy revealed that the rate of reduction follows the order, 4-NP>2-
P>3-NP. Since the magnetic particles are readily recovered from

he solution phase mixture without centrifugation and/or filtering,
e3O4/SiO2@Ag nanoparticles, separated from the product using a
eodium magnet, could be recycled a number of times.
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