Novel dendron-stabilized gold nanoparticles with high stability and narrow size

distributiont
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Dendron-stabilized gold nanoparticles synthesized with
Fréchet-type dendrons possessing a single thiol group at the
focal point have small cores (average diameters of 2.4-3.1
nm) with narrow size distribution and remarkably high
stability; in particular, the nanoparticles synthesized with
the second generation dendron has an almost monodisperse
core (2.4 = 0.2 nm).

The chemistry of metal nanoparticles is one of the rapidly
emerging research fields because of their potential applications
to sensor devices, catalysis, nanoelectronics and many other
areal In particular, synthesis of large quantities of mono-
disperse nanoparticles of diameter <10 nm is important for
many of their applications. Following the semina work of
Schiffrin and coworkers? on stable gold clusters coated with
alkanethiolate monolayers, many monolayer-stabilized gold
nanoparticles have been reported.3 Among them, dendrimer-
stabilized gold nanoparticles, in which dendrimers play dual
roles as a stabilizer and a permselective organic shell, have
drawn considerable attention; early examples include gold
colloids coated with poly(amidoamine) (PAMAM) dendrimers
containing terminal amines.#> However, they are only stablein
solution and in the presence of excess of free dendrimers owing
to the low affinity of the terminal amine groups for gold.
Subsequently, PAMAM dendrimers partially functionalized
with thiol groups have been used to enhance the stability of the
dendrimer-stabilized gold nanoparticles.¢ Despite the enhanced
stability, however, the resulting gold nanoparticles exhibit a
rather broad size distribution because the degree of functional-
ization of the dendrimersisdifficult to control precisely. Herein
we report a new strategy where dendrons with a single thiol
group a the focal point are used as a stabilizer and a
permselective organic shell is employed to produce Au
nanoparticles. This affords highly stable Au nanoparticles with
smaller cores (ave. diam., 2.4-3.1 nm) and narrower size
distribution. In fact, the nanoparticles synthesized with the
second generation dendron has an almost monodisperse core
(24 £ 0.2 nm). To our knowledge, this is the first set of
examples of dendron-stabilized metal nanoparticles.”

First, second and third generation dendron-thiols (D1, D2,
and D3, respectively; Scheme 1)8 were prepared from the
reaction of the corresponding Fréchet-type dendron-bromides®
with thioacetic acid, followed by reduction with LiAlH4.t
Dendron-stabilized gold nanoparticles (D1-Au, D2-Au, and
D3-Au) were synthesized by the two-phase method reported by
Schiffrin with some modification.2 More specificaly, a two-
phase mixture containing HAuUCl, in water and tetraoctyl-
ammonium bromide in toluene was stirred, the organic layer
separated and treated with dendron-thiol (dendron-thiol : Au =

T Electronic supplementary information (ESI) available: synthetic proce-
dures and characterization data for dendron-thiols (D1-D3) and their gold
nanoparticles. See http://www.rsc.org/suppdata/cc/b1/b100575h/
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Scheme 1 Schematic illustration of dendron-stabilized Au nanoparticles.

2:1) and finally alowed to stir vigorously with an agueous
solution of NaBH4 which afforded the crude product. Purifica-
tion of the crude products by several cycles of precipitation—
filtrati on—dissol ution from toluene—ethanol solution yields D1—
Au and D2-Au as black powders, and D3-Au as a black waxy
powder. All of the nanoparticles are soluble in common organic
solvents such astoluene, acetone, dichloromethane, chloroform
or THF. They are remarkably stable both in solution, aswell as
in the solid state. Little decomposition or aggregation occurs
even after several months in solution, as judged by their
solubilities and UV-VIS spectra. Furthermore, these nano-
particles remain unchanged after standing overnight at elevated
temperatures (at 50 °C in solution and at 160 °C in the solid
state). The origin of the remarkable stabilities of these dendron-
stabilized Au nanoparticles remains to be established.

The core size and size distribution of the dendron-stabilized
Au nanoparticles were examined by high resolution transmis-
sion electron microscopy (HR-TEM) (Fig. 1). In general, the
present Au nanoparticles have a narrower size distribution than
most of the previously known alkanethiolate-,32 arylthiol ate-,30
or dendrimer-stabilized gold nanoparticles.4% For example,
D1-Au, having an average core size of 2.8 + 0.3 nm, shows a
narrower size distribution compared with the gold nanoparticles
prepared with arylthiols of similar sizes.3> Most remarkably,
D2-Au is nearly monodisperse with an average core size of 2.4
+ 0.2 nm. The core size and dispersity are not significantly
affected by use of different molar ratios of D2: HAuCl 4 such as
0.5 and 6. Such monodispersity is seldom observed in
unfractionated metal nanoparticles.1© On the other hand, D3—
Au has a larger and less narrow-disperse core (3.1 £ 0.6 nm)
compared with D1-Au and D2-Au. Thelarger core size of D3—
Au over those of D1-Au and D2-Au isin contrast to the earlier
observation that the cores of dendrimer-stabilized Au nano-
particles decrease in size and dispersity with increasing
dendrimer generation.4> At present, we do not understand why
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Fig. 1 TEM micrographs and histograms of size distribution for the
dendron-stabilized Au nanoparticles: (a) D1-Au, (b) D2-Au and (c) D3~
Au. The average core sizes and distribution were determined by counting
345 (D1-Au), 598 (D2-Au) and 819 (D3-Au) particles.

there is apparently no correlation between dendron generation
and particle size. However, we suspect that the second
generation dendron D2 may have a ‘magic’ size to protect Au
particles with the particular size leading to monodispersity. We
are currently investigating in depth the effect of dendron size on
the size and dispersity of Au nanoparticles. As seen in Fig. 2,
D1-Au and D3-Au exhibit atypical surface plasmon (sp) band
at 530-540 nm in their UV—Vis spectra, whereas D2-Au
displays a very weak sp band, which is consistent with its
smaller particle size and narrower distribution.** Further
characterization of the dendron-stabilized Au nanoparticlesisin
progress.

In summary, we present the first dendron-stabilized Au
nanoparticles synthesized with Fréchet-type dendrons possess-
ing a single thiol group a the foca point, which have
remarkably high stability and narrow size distribution. Partic-
ularly, the results on D2-Au suggest that this method may
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Fig. 2 UV-Vis spectra of the dendron-stabilized Au nanoparticles in
THF.

provide a convenient way to synthesize stable, monodisperse
Au nanoparticles with small cores. Furthermore, this work
should be easily expanded to the synthesis of other dendron-
stabilized metal nanoparticles which may find useful applica-
tions in many areas including chemical sensing and catalysis.
We gratefully acknowledge Creative Research Initiative
Program of the Korean Ministry of Science and Technology for
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