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Introduction
6ROJHOPDWULFHVFDQEHHI¿FLHQWO\XWLOL]HGLQKHWHURJHQHRXVFDWDO\sis [1-4]. The incorporation of a homogeneous catalyst into the matrix
FRPELQHVWKHVSHFL¿FLW\DQGUHSURGXFLELOLW\RIWKHKRPRJHQHRXVFDWDO\VW
with the advantages of heterogeneous catalysts (stabilization and easy
separation of the catalyst) [5, 6]. The chemical behavior of these cataO\VWVLVDIIHFWHGE\WKHÀH[LELOLW\RIWKHVROJHOFDJHVDQGWKHDFFHVVLEL
lity of the entrapped species [7]. These properties can be controlled and
tailored due to the large number of adjustable parameters of the sol-gel
synthesis e.g. the nature and concentration of the precursors [8, 9] water
concentration used [10], temperature, solvent [10, 11], catalyst used to
accelerate the synthesis of the matrix [10, 12], aging and drying condiWLRQV)XUWKHUPRUHWKHFDWDO\VWFDQEHXVHGLQVROYHQWVLQZKLFKLWLVLQsoluble and is recyclable. Another important advantage is that the sol-gel
entrapment takes place in the inner pores where the catalyst is protected
and stabilized [13, 14].
In this study the catalytic ability of metal nanoparticles, that are emEHGGHGLQ6L22 matrices prepared by using the sol-gel synthesis route in
order to prevent their agglomeration and thus reducing their catalytic activity, is investigated. All matrices contained M° nano-particles prepared
E\WKHUHGXFWLRQRIPPRORIHLWKHU$J123 or HAuCl4.
5HVXOWVDQG'LVFXVVLRQ
7KHFDWDO\WLFHI¿FLHQF\RI$Jo and Auo nanoparticles embedded in
the prepared matrices, was examined by the investigation of reduction
reaction of 4-nitrophenol, 4-NP, to 4-aminophenol by NaBH4 [15-17].
The matrices prepared can be used as effective catalysts for the tested
UHGXFWLRQ UHDFWLRQ DQG WKH ¿[DWLRQ RI JROG DQG VLOYHU QDQRSDUWLFOHV
does not affect their catalytic activity. The reaction was followed by
using a UV-vis absorption spectrophotometer. The effect of various parameters on the catalytic activity of the immobilized nanoparticles was
investigated.
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Effect of matrices composition
Matrices were prepared by using different compositions of the silane
SUHFXUVHV PDWULFHV FRQWDLQLQJ RQO\ WHWUDHWKR[\VLODQH 7(26 DQG
matrices containing both tetra-ethoxy-silane and methyl-trimethoxy-silane,
07026 LQ  DQG  PROH UDWLR 7KH HIIHFW RI WKH DGGLWLRQ RI
aminopropyl-triethoxy-silane, APS, to the components of the matrices was
also examined. The percent of reduction of 4-nitrophenolwas calculated
by measuring the absorption of 4-nitropheol solution (400 nm) before and
after the reaction.
)LJVKRZVWKHHIIHFWRIWKHPDWUL[FRPSRVLWLRQRQWKHGHFRPSRVLWLRQ
of 4-nitrophenol, when matrices containing silver nanoparticles were
used as the catalyst. Matrices prepared by using the precursors’ mixture
RI 07026 DQG 7(26 KDYH EHWWHU FDWDO\WLF DFWLYLW\ FRPSDUHG WR
PDWULFHVWKDWFRQWDLQHGRQO\7(267KLVLVDWWULEXWHGWRWKHIDFWWKDWWKH
07026DIIHFWVWKH¿QDOVWUXFWXUHWKHPDWUL[DQGWKHK\GURSKRELFLW\RI
the gel obtained, and therefore is likely to affect both the dispersion of
the particles in the matrix and the catalytic activity.

Fig. 1. Effect of Ago matrix composition.
The solution contained: 0.12 mM 4-NP, 1.2 mM NaBH4 and 1.0 gram of matrix
(suspended in the solution). The reaction medium was mixed for 12 minutes before
¿OWUDWLRQ

The effect of the addition of APS to the precursors’ solution was
DOVR LQYHVWLJDWHG$V FDQ EH VHHQ LQ )LJ WKH FDWDO\WLF DFWLYLW\ RI WKH
matrix prepared with APS is higher, this is attributed to the fact the amine
groups contribute to the stabilization of gold nanoparticles in the matrix
WKXVREWDLQLQJDKLJKHUFDWDO\WLFHI¿FLHQF\>@
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)LJ(IIHFWRI$36DGGLWLRQLQ7(26$Xo matrices.
The solution contained: 0.12 mM 4-NP, 1.2 mM NaBH4 and 1.0 gram of matrix (susSHQGHGLQWKHVROXWLRQ 7KHUHDFWLRQPHGLXPZDVPL[HGIRUPLQXWHVEHIRUH¿OWUDWLRQ

The relative catalytic activity of entrapped gold and silver
QDQRSDUWLFOHVLQPDWULFHVZDVVWXGLHG$VFDQEHVHHQLQ)LJWKHJROG
matrix has a higher catalytic activity, this is attributed at least in part to
the fact that the Ag°-NPs are considerably larger than the Au°-NPs and
WKHUHIRUHWKHODWWHUKDYHDVLJQL¿FDQWO\ODUJHUVXUIDFHDUHD

)LJ Comparison of the catalytic activity of gold and silver nanoparticles.
The solutions contained: 0.12 mM 4-NP, 1.2 mM NaBH4 and 1.0 gram of matrix (susSHQGHGLQWKHVROXWLRQ 7KHUHDFWLRQPHGLXPZDVPL[HGIRUPLQXWHVEHIRUH¿OWUDWLRQ
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Reuse of matrices
In order to examine the stability of the gold and silver matrices,
matrices that were used in one reaction cycle were washed and used
IRU D VHFRQG FDWDO\WLF UHGXFWLRQ $V VKRZQ LQ )LJ  UHXVHG PDWULFHV
containing gold nanoparticles have demonstrated good catalytic activity
as can be concluded from the disappearance of the absorption peak
of 4-nitrophenolat 400 nm and the appearance of the 4 aminophenol
peak at 300 nm.

Fig. 4. Reduction of 4-nitrophenol in the presence of recycled Au° catalyst

,Q WKH FDVH RI UHF\FOHG 7(26 PDWUL[ HPEHGGHG ZLWK$J
nanoparticles no catalytic activity was observed, while the matrix
SUHSDUHG ZLWK D PL[WXUH RI 7(26 DQG 07026 VKRZHG SDUWLDO
activity.
Characterization of the matrices
)LJSUHVHQWVWKH)7,5WUDQVPLVVLRQVSHFWUDRI7(2607026
PDWUL[  EODQN  DQG D  7(2607026$Jo matrix. The band at
1392 cm-1 is attributed to the silver nanoparticles incorporated in the matrix [20, 21].
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Transmittance

Wavenumber (cm-1)
Fig. 5.)7,5WUDQVPLVVLRQVSHFWUDRIEODQNDQG$J° incorporated matrices.
The circle indicates the absorption band corresponding to 1392cm-1

&RQFOXGLQJUHPDUNV
Gold and silver nanoparticles were successfully immobilized in silica matrices by using the sol-gel synthetic route. The supported nanoparticles have been successfully applied as a heterogeneous catalyst in the
reduction 4-nitrophenol by NaBH4 at a variety of conditions. The nature
RIWKHVLODQHPRQRPHUVXVHGWRSUHSDUHWKHPDWULFHVDIIHFWVVLJQL¿FDQWO\
their kinetic properties.
$FNQRZOHGJHPHQWV
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