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ABSTRACT 
 
Au-kenyaite nanocomposites was prepared by the addition of hydrazine hydrate 
and an aqueous solution of HAuCl4 to H+-kenyaite using one-pot method. The Au-
kenyaite nanocomposite was found to effectively catalyze the reduction of 4-
nitrophenol with sodium borohydride in aqueous solution. 
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INTRODUCTION 
 
Metal nanoparticles have been widely used as efficient 
catalysts in transformations of organic substances due tio 
their large surface to volume ratio and different electronic 
properties as compared to the corresponding bulk metals 
(Tamura et al., 2004; Narayana et al., 2004). In particular, 
Au nanoparticles exhibit high catalytic activity, althougth 
the bulk gold is typically an ineffective catalyst (Dotzauer et 
al., 2006). Despite high reactivity and efficiency of metallic 
colloids as homogenous catalysts, their application to a 
large-scale process owing to the reduction of catalytic 
activity by particle aggregation and reusability problem is 
limited. To prevent these problems, catalytic nanoparticles 
are usually immobilized on the surface of solid supports 
such as silica, alumina, zeolite and metal oxides.  

Preparation of metal-deposited silica materials is of 
interest due to their stability and inactivity with reactants. 
Several wet-chemistry methods have been developed to 
deposit metal nanoparticles on the surface of silica 
materials. However, these preparative methods require 
pre-treatment of silica materials, complex process control, 
and special experimental conditions. 

Recently, an easier and cheaper method to fabricate H+-
kenyaite with the simultaneous intercalation of 
tetraethylorthosilicate (TEOS) and dodecylamine (DDA) 
was observed and this has a layered structure with 5.33 nm 
interlayer distance and high surface area (Park et al., 2004, 
2009). The H+-kenyaite provides an alternative support for 
nanoparticle immobilization and due to their high surface 
area and layered structure would be very attractive for 

catalysis.  
This study reported on the fabrication of Au-kenyaite 

nanocomposites and its catalytic activity for the reduction 
of 4-nitrophenol by NaBH4 in aqueous solution. 
 
 
MATERIALS AND METHODS 
 
Na+-kenyaite was hydrothermally synthesized from SiO2, 
NaOH, Na2CO3 and water  and changed into H+-kenyaite by 
HCl(aq) (Park et al., 2009). HAuCl4 (Aldrich, 99.9%), sodium 
citrate dihydrate (Aldrich, 99%), and hydrazine hydrate 
(N2H4·H2O, Aldrich, 64%) were used as received. Other 
chemicals were of reagent grade, unless otherwise specified.  
 
 
Preparation of Au-kenyaite nanocomposites  
 
In a typical synthesis of gold nanoparticles, aqueous 
solutions of HAuCl4 (10 mM, 1.0 ml) and sodium citrate (30 
mM, 1.0 ml) were added to 36 ml of highly purified water. 
To this solution, 0.5 g of H+-kenyaite dispersed in water 
were added drop-wise. After 2 days, an aqueous solution of 
hydrazine (10 mM, 1.0 ml) was quickly injected, and the 
solution stirred for 50 min. The sample was purified by 
washing with EtOH and deionized water to remove excess 
reagents. The catalytic activity of the Au-kenyaite was 
tested as follows. An aqueous solution of NaBH4 (20 mmol) 
was added to 5 ml of 4-nitrophenol (0.1 mmol). Thereafter,  
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Figure 1: The UV-Vis spectra of aqeous solution of (a) Au-hydrosol, and 
(b) Au-kenyaite nanocomposites. 

 
 
0.5 g of the Au-kenyaite was added to the mixture with 
stirring. After ~1 h, the UV-Vis spectra of the mixture was 
measured using a UV-Vis spectrometer. 
 
 
Characterization 
 
X-ray powder diffraction (XPRD) patterns were recorded 
using a Bruker AXS D8 Discover diffractometer with CuKα 
(0.1542 nm) radiation. Field emission scanning electron 
microscope (FE-SEM) images were obtained from a Philips 
Model XL30 S FEG. Transmission electron microscopy 
(TEM) images were obtained with a JEOL JEM-2010 
microscope operating at 200 kV after placing a drop of 
hydrosol on carbon-coated Cu grids (200 mesh). The 
absorption spectra were recorded with an Optizen 3220UV 
UV-Vis absorption spectrometer.  
 
 
RESULTS AND DISCUSSION 
 
Au-kenyaite nanocomposites was prepared by the addition 
of the aqueous solution of HAuCl4 to H+-kenyaite dispersion. 
Within 7 min, the color of the reaction mixture changed 
from pale-yellow to wine-red. The wine-red color was due 
to the presence of Au nanoparticles and excitation of 
surface plasmon of the Au nanoparticles (Lee et al., 2006; 
Kwon et al., 2007). Figure 1b shows the UV-Vis spectrum 
recorded from the prepared colloidal solution. For  

 
 
 
comparison, Figure 1a shows UV-Vis spectrum of as-
prepared hydrosol. As expected, all of the spectra exhibit 
band due to the surface plasmon. These findings indicate 
that the composite materials can be rapidly fabricated by 
this simple one-step reaction. The resulting colloidal 
particles were collected by centrifugation, washed severally 
with deinoized water and dried. 

SEM and TEM images of the samples show that Au 
nanoparticles were homogeneously deposited on the 
surface of kenyaite (Figures 2 and 3). The Au nanoparticles 
on the surface of kenyaite show a spherical shape with an 
average size of about 40 nm.  

Figure 4 shows the XRPD patterns of the prepared sample. 
Among seven peaks, six peaks were clearly observed which 
can be indexed to the diffraction from the (111), (200), 
(220), (311) and (222) of face-centered cubic structure of 
metallic gold (JCPDS, card no. 04-0784), indicating that the 
Au nanoparticles deposited on the surface of kenyaite have 
a crystalline nature. In addition, the diffraction for the 
layered structure of kenyaite from Au-kenyaite was 
observed at 25°. Low-angle powder XRD patterns shows 
that the parent structure of the layered host was 
maintained after intercalation with Au nanoparticles 
(Figure 5b). The basal spacing increased by 0.1 nm after 
intercalation of the Au nanoplates.  

Catalysis with Au nanoparticles is of considerable interest, 
and various supported-Au nanoparticles catalyzed reaction 
have been explored (Astruc et al., 2005; Corma and Serna, 
2006). In this regard, Au nanoparticles deposited kenyaite 
was examined as a catalyst for the reduction of 4-
nitrophenol by NaBH4. This reaction was chosen as a typical 
model because it is rapid and can be easily characterized. 
Dotzauer et al. (2006), Pradhan et al. (2001), Ghosh et al. 
(2004) and Lu et al. (2006) reported on the catalytic 
reactions of several aromatic nitro compounds to the 
corresponding amino derivatives using NaBH4 and metal 
nanoparticles. Nitro compounds are inert to NaBH4 if used 
alone. However, the metal nanoparticles effectively 
catalyzed the reduction of nitro compounds by acting as an 
electron relay system; electron transfer took place between 
nitro compounds and NaBH4 through the metal 
nanoparticles (Pradhan et al., 2001). The reaction can be 
readily monitored with UV-Vis spectroscopy. Due to the 
formation of 4-nitrophenolate in NaBH4 medium, the peak 
corresponding to 4-nitrophenol at 317 nm was red shifted 
to 400 nm. The reduction can be visualized by the 
disapperance of the 400 nm peak with the concomitant 
appearance of a new peak at 300 nm after catalysis. This 
peak is attributed to 4-aminophenol.  

The consistency of this experiment was confirmed by five 
consecutive runs, and the catalytic reaction did not appear 
to deteriorate during the turn-over cycles or the desorption 
of the Au particles from the kenyaite. Figure 6 shows that 
Au nanoparticles-immobilized kenyaite shows remarkable 
catalytic efficiency in the coversion of 4-nitrophenol to 4-
aminophenol. The conversion was > 98%, even at fluxes as  



Academia Journal of Scientific Research; Park et al.           618 
 

 
 

Figure 2: SEM micrographs of Au nanoparticles on the silicate surface in two different orientations 
(a) and (b). 

 
 

 
 

Figure 3: TEM of Au nanoparticles on the silicate surface at two different resolutions (a) and (b). 

 
 

 
 

Figure 4: X-ray diffraction patterns of (a) H+-kenyaite, and (b) Au-
kenyaite nanocomposites. 
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Figure 5: Low-angle X-ray diffraction patterns (a) H+-kenyaite, and (b) Au-
kenyaite nanocomposites. 

 
 
 

 
 

Figure 6: Reduction of 4-nitrophenol by Au-kenyaite nanocomposites and 
NaBH4. UV-Vis spectra of 4-nitrophenol before (a) and after (b) the treatment 
with the catalyst. 

 
 
high as ~2 ml. It may be noted that the catalytic efficiency 
of Au-kenyaite formed was higher than those of the other 
supported catalyst systems in which citrate-stabilized Au 

nanoparticles were deposited to an alumina membranes 
(Dotzauer et al., 2006) and anion exchange resins (Praharaj 
et al., 2004) under similar experimental conditions.  
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Conclusions 
 
It was demonstrated from the analysis that Au 
nanoparticles were intercalated into the interlayer space of 
H+-kenyaite. The advantages of this system are the simple 
one-step preparation at room temperature and the direct 
applications of the composite in catalysis. The Au-kenyaite 
nanocomposite showed high catalytic activity for the 
reduction of 4-nitrophenol. The metal nanoparticles-
intercalated layered silicate may function as favorable 
substrates in catalytic applications. 
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