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Abstract—In this study, a simple and efficient protocol wased for the synthesis of the nana@#SiO, supported Pd(0)
(F&0,@SiO-Pd). SiQ nanoparticles were prepared by the simple methonoh frice husk biomass as the source of biosilidae T
Fe,0,@Si0-Pd was characterized by a series of techniqueb sisc SEM, EDS, XRD, TEM, ICP-AES, FT-IR and VSM. The
Fe0,@SiO-Pd was used as a magnetically recoverable naripstatar Suzuki coupling reaction in the presenéevaste eggshell as
low-cost solid base. The present method has sigmifiadvantages, such as use of natural and wadtgials, use of an inexpensive
catalyst, simple experimental procedure and lovalgstt loading. In addition, the magnetically recalde nanocatalyst can easily be
recovered from the reaction system by using arreatenagnet and reused several times with insicanifi loss of catalytic activity.

show high activity in addition to being easily reeced,
1. Introduction separated, and reused in reactions are the idealysta

from a “green chemist's” point of vielt.Especially FgO,
Palladium-catalyzed Suzuki coupling reaction of lary nanoparticles have attracted many attentions becafis
halides with arylboronic acids is one of the masiuable their unique properties.
synthetic methods for preparation of symmetric and
nonsymmetric biaryl$,which has been extensively used in In this study, in order to develop the use of an
the synthesis of pharmaceuticaligands® polymers? and environmentally friendly catalyst, we decided téraduce
advanced materiafsMany of the palladium catalysts have Rice-husk as a suitable and naturally support for
been used as homogeneous catalysts for Suzukiiocgupl stabilization of palladium magnetic nano-particles
reaction’ Beside the advantages of homogeneous catalytic
systems, they could not be used for the large-scaleRice-husk is considered as an agriculture wastenaht®
applications in liquid phase reactions. It causesatgr It has become a source for preparation of elemgntar
difficulties such as purification of the final pnact, silicon** and a number of silicon compouridsespecially
recycling of the catalyst and deactivation by aggtion silica’®, silicon carbid&’ and silicon nitridé”® So we used
into palladium particles. Activity and recovery éatalysis Rice-husk as a source of silica (Scheme 1).,SiO
science are two important parameters. Hence, honooge  nanoparticles were prepared and used for syntbégsiano-
catalysts are not acceptable from a “green cheshistint Fe;0,@Si0-Pd (Scheme 2). Eggshell, a plentiful natural
of view. Some heterogeneous palladium catalysts showfood source, is consumed worldwide because it donta
lower reactivity than homogeneous ones because ofessential amino acids and minerals. Most of theslegly
leaching of palladium from the suppdrtbut can be  waste is commonly disposed without any pretreatment
recycled and recovered. Thus, there is a need digref Eggshell is totally biodegradable, recyclable and
new heterogeneous catalysts that can retain theitiest biocompatible’® Eggshells are included of a network of
and selectivities of homogeneous catalysts. Namense protein fibers, associated with crystals of calcium
enables us to scale down the size of particles raakle carbonate, calcium phosphate and magnesium cagonat
nanoparticles with unique propertiesMany types of and also organic substances and water. They arprisad
nanoparticles have been synthesized for use alystatin of more than 90% CaG@® In this study, CaO derived
reactions® The synthesis of magnetic nanoparticles that from eggshell was used as natural solid base faulSu

"Corresponding author. Tel.: +98 81 38257407; F&R 81 38257407.
E-mail address: Khazaei_1326@yahoo.com (A. Khazaei).
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coupling reaction in the presence of Rice-husk etted 3).
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Scheme 2. The synthesis of palladium magnetic nanopartiatea green catalyst for Suzuki coupling reactions.
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Scheme 3. The Suzuki cross-coupling reactions by Fe;0,@SiO,-Pd.
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2. Result and discussion .
The catalyst was prepared using a simple and eféect 2
method and characterized by SEM, EDS, XRD, TEM, FT-
IR and VSM.

1.5

Absorbance

1

Through this study we used theHN as a reducing agent a
for the reduction of Pd(ll) to Pd(0) and its apation for .

the preparation of the E@,@SiO-Pd. Figure 1 shows the

UV-vis analysis of Pd(ll) and Pd(0). After the atilolh of 0

N,H,, the yellow color of the Pdsolution immediately 350 400 450
changed into dark brown which indicated that Pd@8s

converted to Pd(0).
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Figure 1. The UV-vis analysis of Pd(ll) (a) and Pd(0) (b).

The XRD pattern of the CaO, SiOFeQ,, Fe&O,@SiO,
and FgO,@SiO-Pd are given in Figure 2. The powder
diffraction pattern of the R®,@Si0O-Pd is analyzed. No
characteristic peak for Pd NPs was observed irp#tern

of the FgO,@SiO,-Pd, indicating that the amount of Pd is
too low or the Pd NPs were highly dispersed on the

Fe;0,@Si0, support.



FT-IR spectra of the CaO, SiOFg0, FeO,@Si0;,
Fe,0,@Si0@NH, and FgO,@SiO-Pd are given in
Figure 3. The FT-IR analysis of the EPR@SIO;, '
Fe,0,@Si0@NH, and FgO,@SiO-Pd confirm that there  *T

after the
immobilization of Pd NPs on the §&,@Si0O, surface.

was no change
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Figure 2. XRD patterns of the CaO (a), Si(h), FeO, (c), FeO.@SiO,

(d) and Fg0,@SiO-Pd (e).
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Figure 3. FT-IR spectra of the CaO (a), Si(b), FeO, (c), FeO.@SIO,
(d), FeO,@SIO.@NH; (e) and FgO,@SiO-Pd (f).

The morphology of the CaO, K&, FgO0,@SiO,
Fe0,@Si0@NH, and FgO,@SiO-Pd are characterized
by SEM (Figure 4 and 5). For additional study on
determinations of particle size of nanocatalyst, weed
SEM analysis. The shapes and dimensions of thécleart
can be seen in Figure 4 and 5. The particles waradf to
be in spherical shape. The particles size §OF@ SiO-Pd

is estimated to be 31-73 nm.

The elemental composition of the CaO and(z@ SiOs-

Pd was also analyzed by Energy Dispersive X-ray
Spectroscopy (EDS) spectrum (Figure 6). It further
confirmed the presence of Fe, C, Si and O eleniarntse
Fe0,@SiO-Pd.
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The magnetic properties of thes;Pg and FgO,@SiO,-Pd nanoparticles substance. Even with this reductiorthie
have been investigated by VSM system at room saturation magnetization, the solid could still depably
temperature, with the field sweeping from -10000 to separated from solution with a permanent magnet.
+10000 Oe (Figure 7). B®, nanoparticles, shown super

paramagnetic properties with saturation magnetimati According to the Transmission Electron Microscopy
about 60 emu'g and Fg0,@SiO-Pd were 37 emuy (TEM) images (Figure 8), the Pd NPs are well dispédr
Compared with the R®, nanoparticles, the saturation through the catalyst surface with an average diamet
magnetization of the magnetic nanoparticles catalgarly 10-30 nm.

decreased because the diamagnetic contributidmeahick

organic matter resulted in a low mass fractionhef FQO,
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Figure4. SEM images of the CaO (a),#%r (b), FeO.@SiG (c) and FgO.@SIO@NH; (d).
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Figure5. SEM images of the E@,@SiO-Pd.
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Figure 6. The EDX of the CaO (a) and &@SiO-Pd (b).
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Figure 7. The vibrating sample magnetometer (VSM) analybib® FgO, (a) and F€O.@SiO-Pd (b).

Figure 8. TEM images of the F®,@Si0-Pd.
The coupling reaction of iodobenzene with phenylobic
acid was carried out using &&@Si0,-Pd under different
conditions as a model reaction (Table 1). A preiany
survey of reaction conditions was conducted ineigdhe
effects of the different solvents, temperatureseba and
amount of catalyst. As shown in Table 1, no tapggetuct
could be detected in the absence ofdz@SiO-Pd even
after 120 min (Entry 10). The best results wereieacd
with CaO as base in the presence of 0.03 mol%
Fe0,@SiO-Pd in HO/EtOH (1:1) at 85°C (Table 1,
entry 4). As the catalyst loading decreased frof8 Go

The palladium content in the ¥&@SiO,-Pd determined
by ICP-AES was 0.17 mmol'y

The catalytic activity of the R®,@SiO-Pd in the Suzuki
coupling reaction of different aryl boronic acidsttwaryl
halides was investigated (Scheme 4).

Fe304@Si02-Pd

ArX + ArB(OH),
H,O/EtOH , CaO, 85 °C

> Ar—Ar'

Scheme 4.
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0.01 mol%, yield was found to be decrease from 96%
84%, respectively.
Table 1. Optimization of the Suzuki coupling reaction.

Fe;0,@Si0,-Pd
@] + (HO)ZB@ Solvent, Base, Heat

Entry Solvent Base Catalyst (mol%) Temi€) Time (min) Yield (%)
1 H,O CaO 0.03 90 25 92
2 EtOH CaO 0.03 80 30 90
3 DMF CaO 0.03 130 45 86
4 H,O/EtOH (1:1) CaOo 0.03 85 20 96

5 H,O/EtOH (1:1) KCO; 0.03 85 30 92
6 H,O/EtOH (1:1) NaCO; 0.03 85 40 86
7 H,O/EtOH (1:1) NEf 0.03 85 85 65
8 H,O/EtOH (1:1) CaO 0.01 85 40 84
9 H,O/EtOH (1:1) CaO 0.02 85 30 92
10 HO/EtOH (1:1) CaO 0.00 85 120 0

After the optimization study, the effect of electro
withdrawing and electron donating functional groups
aryl iodides and bromides on the catalytic activitgs
examined in the Suzuki coupling reaction in thespree of
Fe,0,@Si0O-Pd as catalyst and CaO as base i0MEtOH
mixture. Various aryl halides were reacted with lary
boronic acids and converted into the corresponding
coupling products. As shown in Table 2, the reactd
aryl halides bearing electron-withdrawing groupsnive
completion in longer reaction times than those with
electron donating groups. In all the cases, arjidés
afforded excellent yields of the productdowever, this
method was not applicable for aryl chlorides (Tahlentry 14).

In another study, recyclability and reusability die
catalyst was confirmed on the reaction of between
iodobenzene with phenyl boronic acid. At the endihaf
reaction, catalyst was separated by an externanetiag
field, washed with water and then and then reu3éc:
catalyst was used without further cleansing afetaition.
Afterwards the recycled catalyst was applied feerahtive
reaction. The catalyst was used over 5 runs without
significant loss of activity (Table 3). To checketh
heterogeneity of catalyst, which is an importamtda the
phenomenon of leaching was studied by Inductively
Coupled Plasma Atomic Emission Spectroscopy (ICP-
AES) analysis of the resulting reaction solutiorxtunie. It
was shown that palladium content of the usefDF@ SiO»-

Pd was the same as that of the fresh one (0.17 rgMol
As shown in TEM images of the recycled catalystrafith
recycle (Figure 9), no obvious change in morpholagd
size of Pd NPs were observed.



Table 2. Suzuki coupling of different aryl halides with abyronic acids in BD/EtOH in the presence of thesPe@ SiO-Pd using CaO as a base.

Tetrahedron

Entry Aryl halide ArB(OH), Reaction time (min)|  Yield (%)
1 ©\
1 20 96
\O B(OH),
1
2 \©\ ©\ 30 92
CH, B(OH),
I
3 \©\ ©\ 26 93
OCH; B(OH),
1
4 \©\ ©\ 50 89
CN B(OH),
I ©\
5 OZNOiC]_h B(OH)2 25 91
| G o |
|
I C2H5\©\
7 24 93
\© B(OH),
Br C,Hs \©\
8 38 90
\© B(OH),
Br ©\
9 30 90
\© B(OH),
Br
10 \©\ ©\ 45 88
CH, B(OH),
Br
11 \©\ ©\ 40 90
OCHj, B(OH),
Br
12 \©\ ©\ 65 85
CN B(OH),
Br
13 \©\ ©\ 70 87
NO, B(OH),
Cl
14 \©\ ©\ 100 No reaction
COCH;4 B(OH),
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Table 3. Reusability of the RO,@SIQ-Pd in the Suzuki coupling of
iodobenzene with phenyl boronic aéid.

Run Yield (%) Recovery of catalyst (%)
1 96 99
2 96 99
3 96 99
4 95 98
5 94 98

®Reaction conditions: lodobenzene = 1.0 mmol, pheoybnic acid = 1.1
mmol, catalyst = 0.03 mol%, CaO (2.0 mmol)J#EtOH (1:1) 85C.

2000m

Figure9. TEM images of the recycled catalyst after 5th cézy
1.5406 A°). The scanning rate was 2°/min in theréhge
from 10 to 80°. Scanning electron microscopy (SEdds

3. Conclusions performed on a Cam scan MV2300. The shape ando§ize
the catalyst was identified by transmission elettro

Here we demonstrated the feasibility to generate microscope (TEM) using a Philips EM208 microscope

Fe0,@Si0-Pd using a simple and efficient protocol. operating at an accelerating voltage of 90 kV. EDS

SEM, EDS, XRD, TEM, FT-IR and VSM techniques (s3700N) was utilized for chemical analysis of el

confirmed the formation of the E@,@Si0Pd. The Pd  nanostructures. Vibrating sample magnetometer (VSM)

NPs were characterized via UV-vis spectroscopywas measurements were performed by using a SQUID

demonstrated that the prepared nanocatalyst wasdfou magnetometer at 298 K (Quantum Design MPMS XL). The

very effective catalyst for Suzuki coupling reaatim the content of Pd in the catalyst was determined by-AGTS
presenceI of waste eg_g}shell as Io&/v—tc):ost _solid bfa':‘et. (PROFILE SPEC, Leeman)

nanocatalyst was readily recovered by using anreaxte ” ’

magnet and reused several times without signifit@sd of 4.2. Preparation of CaO from eggshell waste

activity. CaO as natural solid base was prepared by calemati

method. Eggshells were collected, washed and dfikd.
dried eggshell was calcined at 700-900 °C in anoaphere
for 4h. CaO was obtained as white powder. All cuddi
samples were kept in the close vessel to avoideaetion
with carbon dioxide and humidity in air before ugin

4. Experimental
4.1. Instruments and reagents

High-purity chemical reagents were purchased frova t
Merck and Aldrich chemical companies. All materiaisre
of commercial reagent gradéH NMR spectra were Magnetic FgO, nanoparticles were prepared using simple
recorded on a Bruker Avance DRX-400 spectrometer alchemical coprecipitation described in the literafdr
400. FT-IR spectra were recorded on a Nicolet 3TORF Typically, 11.3 g of FeGI6H,0 and 4.6 g of FeGHH,0
spectrometer (Thermo Nicolet, USA) using pressed KB \yere dissolved in 250 mL of deionized water in ana-
pellets. UV-visible spectral analysis was recordgda  pottom flask (500 mL) which was heated to 80 °Cl the
doublebeam spectrophotometer (Hitachi,-2900) to  solution was clear. Thereafter, under rapid mectzni
ensure the formation of nanoparticles. X-ray ddfian stirring, 30 mL ammonia 25% in the mixture wasretir
(XRD) measurements were carried out using a Philips until a black homogeneous phase was formed, aétargh
powder diffractometer type PW 1373 goniometer (QuK rapidly stirred for 2 h. The black precipitate forwas

4.3. Preparation of the magnetic Fe;0,4 nanoparticles
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isolated by magnetic decantation, and carefully heds
with deionized water and then washed twice witht@ue
and dried at 60 °C in vacuum.

4.4. Preparation of SiO, from Rice-husk

Rice-husk obtained from a local Industry in thethoof
Iran and washed several times with distilled watier
remove any sticking materials and dried at 10061C2# h.
The Rice-husk (5.0 g) was acid-leached with 10% b&i@l
afterwards 30 wt.% sulfuric acid solution at 100%€ 3 h
in a pyrex round-bottom flask equipped with a reflu
condenser. Then, the resulting brown powder wasréid
and washed repeatedly three times using deionizserwo
make it acid free and dried at 80 °C for 5 h. Tésuited
powder was calcinated at 650 °C for 3 h to obta®,S

4.5. Preparation of nanostructured silica-coated
magnetic

Fe;0, (1.0 g) was dispersed for 30 min in a premix of
deionized water (40 mL), ethanol (80 mL) and ammoni
25% (4.0 mL) by ultrasonic treatment, then SiQ.0 g)
was added and the mixture was under reflux for 12he
resulting product was separated from the reactiotune
with an external magnet, washed with deionized watel
then washed three times with ethanol and driecc&G5in
vacuum.

4.6. Preparation of functionalized SiO, magnetic
nanoparticleswith 3-(triethoxysilyl)propylamine

SiO, magnetic nanoparticles (1.0 g) were added to the >

solution of 3-(triethoxysilyl)propylamine (0.44 g)n
ethanol (5.0 mL), and then the resulting mixtures \strred
under reflux conditions for 12 h. After the mixtureas
cooled to room temperature and the product wasratgth
with an external magnet, washed with ethanol and
deionized water and dried at 70 °C for 5 h.

4.7. Preparation of palladium magnetic nanoparticles
PdCL (0.018 g in 100 mL) and previous step product (1.0

g) was mixed in 10 mL of deionized water and stirre
under reflux conditions for 3 h. Then the producasw

separated with an external magnet and washed with

deionized water three times. Then, the resultingdpct
was dispersed in deionized water, and 0.4 mL cshire
prepared BH,; (0.8 g in 100 mL) aqueous solution was
added and stirred for 2 h. The reaction color chdntp
black, due to conversion of Pd(ll) into Pd(0). Thiack
nanoparticles were separated with an external magne
washed with distilled water several times and ttiged at

65 °C for 6 h.

4.8. General procedurefor the Suzuki coupling reaction

To a flask, a mixture of aryl halide (1.0 mmol [momass
x 10° g]), aryl boronic acids (1.1xT0x molar mass g),
CaO (0.112 g), O (1.0 mL), ethanol (1.0 mL) and
catalyst (0.117 g) were added. The reaction mixiuas

Tetrahedron

stirred for the required period of time at 85 °Ctilun
completion of the reaction, as monitored by TLCiehf
completion of the reaction, the mixture was codledoom
temperature and the catalyst separated from thetioaa
mixture with an external magnet. The resultant tsmiu
was extracted with n-hexane. The combined organase
was dried with CaG) solvent was removed, and the
product was recrystallized with ethanol.
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