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ABSTRACT

Gold nanoparticles were synthesized by chemical reduction of
HAuUCI4 inside the pores of a polycarbonate-based membrane followed
by dissolving the membrane in dichloromethane and further sonication.
Sonication time as the main affecting factor on the nanoparticle size was
investigated. The characterization by transmission electron microscopy
showed the formation of gold nanoparticles with diameters less than 20
nm and a uniform distribution of the nanoparticle size. This template
method is particularly interesting, because it allows including metallic
constituents inside the voids of nanoporous host materials resulting in
monodisperse diameter nanomaterials.

Keywords: Gold nanoparticles, Template synthesis, Polycarbonate
membrane, TEM, Size distribution

INTRODUCTION

The size and shape of materials govern many of the physical
and chemical properties of nanoscale materials [1-3]. Nanomaterials
show various physical properties such as magnetism, specific heat,
conductivity, band gap energy, as well as luminescent and optical
properties. Until now, some control over size and shape for several
metal and semiconductor materials has been achieved and this has led
to their size/shape-selective applications in various fields, e.g., SERS
[4-6], catalysis [7-9], fluorescence/optical probes, biosensors, sensors
and actuators [10-13]. It is necessary to have a homogenous
distribution of gold nanoparticles with diameters between 5 nm and 20
nm for excellent catalytic activity. Several methods have been
developed to achieve the controlled synthesis of dispersed gold
nanoparticles with a narrow size range.Among those different
strategies to synthesize nanoscopic materials reported in the literature,
the template method is particularly the interesting one [14].
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This synthesis method consists of
including metallic or organic constituents inside the
voids of nanoporous host materials. In this context,
polycarbonate particle track-etched membranes
(PC-PTMs) show a significant advantage because
they lead to the production of nanostructured
materials with monodisperse diameters and lengths
[15]. In fact, lots of different preparation routes
have been reported for the synthesis of spherical
gold colloidal particles. However, most of them
involve the chemical reduction of Au ions, for
example, reducing agents such as NaBH,, or white
phosphorus produce small gold particles (diameter:
<20 nm), while reductants such as ascorbic acid
yield nanoparticles with diameters larger than 20
nm [16-19].

In this study, the possibility of reaching a
method for the synthesis and separation of gold
nanoparticles by using polycarbonate track-etched
membranes was studied and its possibility was
confirmed. Gold nanorods were synthesized within
the pores of the membrane. Gold nanoparticles
were obtained after dissolving membrane and
nanorods sonication.

MATERIALS AND METHODS

Materials

Microporous and nanoporous PTM
(Whatman) were used as template membranes for
the chemical synthesis of gold nanorods. These
membranes were available in a variety of pore
diameters and densities. The typical template
membrane used in this study had the following
characteristics: pore diameter: 200 nm, pore
density: 6.0 x10° (pores/cm?), thickness: around 6
pum. Sodium boron hydride (NaBH,;) and
dichloromethane (DC Chemical Co.) were used
without any purification. Throughout the study, de-
ionized water (Puris MR-RU 890) was used.

Methods

As shown in Figure 1, the polycarbonate
membrane was used as a dividing wall in a two-
compartment cell. In the first compartment, an
aqueous solution of HAuCI, (0.5 M) was added and
allowed to diffuse through the membrane during 5
minutes prior to the introduction of the sodium
boron hydride (0.5M) solution in the second
compartment. The gold ions and the reducing

reagent diffused toward each other through the
pores of the membrane and reacted to yield gold
nanorods. Ultrasonic bath (ultrasonic processor
from Sonics and Materials, Inc., Model VC 750)
was used for the sonication of solution of nanorods.
For the study of the morphology of gold
nanoparticles, the host membrane was dissolved in
dichloromethane and the solution was sonicated in
ultrasonic bath for different times. The formation of

the gold nanorods and nanoparticles were
investigated by utilizing TEM (JEOL, JEM-2100).
Polycarbonate
Membrane

Two Compartment Cell

NaBH4

Diffusion — Diffusion

Pores‘of PC
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Fig.1. Schematic of the template synthesis of gold nanorods.

RESULTS AND DISCUSSION

Gold  nanorods  were  chemically
synthesized within the pores of commercial
nanoporous polycarbonate membranes as a
template. TEM micrographs clearly confirmed the
formation of gold nanorods with a diameter size of
about 150 nm (Figure 2). After the preparation of
gold nanorods, the PTM membrane was dissolved
in dichloromethane as a suitable solvent followed
by the sonication of this solution for 20 and 30
minutes. Figure 3a shows the gold nanoparticles
with diameters less than 20 nm. As it can be seen
from Figure 3b, by increasing the time of
sonication to about 30 min, the diameter of the
prepared gold nanoparticles was increased to some
extent. The gold ions were successfully loaded
inside of the pores of the polycarbonate membrane
because of the presence of anionic sites at the walls
of the pores.
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Fig.2. TEM image of a gold nanorod in the pore of the PC membrane
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Fig.3. TEM images of gold nanoparticles after dissolving the
membrane and sonication for (a) 20 and (b) 30 min.

Figure 4 shows the size distribution of
gold nanoparticles after dissolving the membrane
and sonication. As it is evident from Figure 4,
sonication for 30 minutes leads to the formation of
more uniform size distribution with a little more
averaged particle size. As mentioned earlier, from a
practical point of view, the size distribution has a
more profound effect on the nanoparticles physico-
chemical properties. Thus, we could conclude that,
in general, by increasing the sonication time one
can achieve a more uniform particle distribution.
However, a further study reveals another view: a
sonication time of more than 60 minutes, no gold
nanoparticles could be found in the TEM images,
but rather a dispersed gold phase was identified
(Figureb). Thus, sonication time is also an
important parameter to be considered and

optimized in order to obtain the well suited
characteristics.
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Fig.4. Size distribution of gold nanoparticles after dissolving of PC
membrane and sonication for (a) 20 and (b) 30 min.

Fig.5. TEM image of dispersed gold phase after sonication for 60 min.
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CONCLUSION

gold

This work focused on the synthesis of
nanoparticles by using a polycarbonate

membrane as the template. The morphology of the
gold nanoparticles has been analyzed using the
transmission electron microscopy and the formation
of gold nanoparticles was clearly confirmed. The
results show the formation of gold nanoparticles

with

diameters of less than 20 nm. Also, the

sonication time was found to be an effective factor
on the average size and size distribution of the
resulting nanoparticles. This method may offer
reliable opportunities for the practical preparation
of gold nanoparticles.

REFERENCES

[1]

[2]

(3]

[4]

[5]

[6]

[7]

[8]

[9]

Geckeler, K.E., Rosenberg, E. Functional
Nanomaterials. American Scientific Publishers,
Valencia, USA, 2006.

Geckeler, K.E., Nishide, H. (Eds.) Advanced
Nanomaterials, Wiley/VCH Publishers,
Weinheim, Germany, 2009.

Premkumar, T., Kim, D., Lee, K., Geckeler,
K.E.(2007).A facile one-step synthesis of Au with
Tunable size.Gold Bulletin,40, 321-327.

Kim, D.S., Lee, T., Geckeler, K.E.(2006). Hole-
doped  single-walled  carbon  nanotubes:
ornamenting  with gold nanoparticles in
water.Angew. Chem.-Int. Edit, 45, 104-107.
Gliemann, H., Nickel, U., Schneider, S.J. (1998).

Application of gelatin-stabilized silver
colloids.Raman Spectrosc.,29, 89-96.
Schneider, S.,Halbig, P.,Grau, H., Nickel,

U.(1994). Reproducible preparation of silver sols
with uniform particle size for application in sur-
face-enhanced Raman spectroscopy, Photochem.
Photobiol., 1994, 60,605-610.

Creighton, A.J., Cheng, R.K.,Furtak T.E. (Eds.),
Surface-Enhanced Raman Scattering, Plenum,
New York, 1982.

Sau, T.K., Pal, A, Pal, T.(2001). Size Regime
Dependent Catalysis by Gold Nanoparticles for
the Reduction of Eosin.J. Phys. Chem.,105, 9266-
9272.

Gratzel, M.,Kalyansundaram, K. (Ed.) Kinetics
and Catalysis in Microheterogeneous Systems,
Marcel Dekker, New York, 1991.

[10]Freund, P.L., Spiro, M.(1985). Colloidal
catalysis: the effect of sol size and
concentration.J. Phys. Chem., 89,1074-1077.

[11]1Henglein, A. (1999). Radiolytic Preparation of
Ultrafine Colloidal Gold Particles in Aqueous
Solution: Optical Spectrum, Controlled Growth,
and Some Chemical Reactions.Langmuir,15,
6738-6744.

[12] Esumi, K., Suzuki, A.,Yamahira, A.,Torigoe, K.
(2000). Formation of Gold and Silver
Nanoparticles in Aqueous Solution of Sugar-
Persubstituted Poly(amidoamine) Dendrimers.
Langmuir,16, 2604-2608.

[13]Belloni, J.C.(1996).0ne-Phase Synthesis of
Thiol- Functionalized Platinum Nanoparticles.
Colloid Interface Sci, 1, 184-196.

[14] Ahmadi, T.S., Wang, Z.L., Green, T.C.,Henglein,
A., El-Sayed, M.A.(1996). Shape-Controlled
Synthesis of Colloidal Platinum Nanoparticles.
Science, 272, 1924-1928.

[15] Ozin, G.A.(1992).Nanochemistry - Synthesis in
Diminishing Dimensions.Adv. Mater,4, 612-649.

[16] Menon, V.P., Martin, C.R.(1995).Fabrication and
evaluation of nanoelectrode ensembles,Anal.
Chem, 67, 1920-1928.

[17]1Kim, Y.G., Oh, S.K. Crooks, R.M.(2004).
Preparation and characterization of 1-2 nm
denderimer-encapsulated  gold  nanoparticles

having very narrow size-distribution. Chem.
Mater,16, 167-172.

[18]Scott, R.W.J., Wilson, O.M., Crooks, R.M.
(2005).  Synthesis,  Characterization, and

Applications of. Dendrimer -Encapsulated
Nanoparticles. J. Phys. Chem., 109, 692-704.

[19] Shi, X., Lee, 1., Baker, J.R.(2008). Acetylation of
dendrimer-entrapped gold and silver
nanoparticles.J. Mater. Chem.,18, 586-593.

278

Submit your manuscript to wypiindir


www.SID.ir
www.SID.ir

