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ABSTRACT: RuRh and RuPt bimetallic dendrimer-
encapsulated nanoparticles (DENs) were successfully pre-
pared by a two-step process involving co-complexation,
using ruthenium and rhodium or ruthenium and platinum
complex ions with partially quaternized fifth-generation
poly(amidoamine) (G5-Q), and then coreduction with
NaBH4. UV–vis, transmission electron microscope, and
laser scattering analyses were used to characterize the
bimetallic alloy DENs. The regioselective synthesis of mul-
tifunctional hybrid poly(methylhydro)siloxane was
achieved by the RuRh and RuPt alloy nanoparticle cata-

lysts. The experimental results showed that the RuRh and
RuPt bimetallic DENs presented higher catalytic activity
than physical mixtures of their monometallic DENs, respec-
tively. This should be due to synergistic electronic effect
of RuRh and RuPt alloy catalysts. VC 2011 Wiley Periodicals,
Inc. J Appl Polym Sci 122: 334–341, 2011

Key words: dendrimer; encapsulation; bimetallic nano-
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INTRODUCTION

Over the past years, great attention has been paid to
dendrimer-encapsulated nanoparticles (DENs). This
is because they can be used as model systems to
study structure-function relationships. The den-
drimers as a template of preparing metal nanopar-
ticles have provided new opportunities for cataly-
sis.1,2 The DENs not only retain the benefits of
homogeneous catalysts, such as high catalytic activ-
ity and high selectivity, but may also have good
reproducibility and accessibility of the metal site.3,4

In line with the prospect of the dendrimer-dis-
persed metal nanoparticles, bimetallic DENs have
drawn a greater interest than monometallic and tra-
ditionally prepared catalytic particles, because the
bimetallic DENs have demonstrated to be specific
superior to those of monometallic and traditional
ones in many systems when they are used as cata-
lysts.5–7 RuPt bimetallic DENs have been prepared
via the template of fourth-generation hydroxyl-ter-
minated poly(amidoamine) (PAMAM) dendrimers
(G4-OH).8,9 Preliminary results show that the nano-

electrocatalyst of the RuPt alloy DENs immobilized
on the oxidized surface of a glassy carbon electrode
exhibits good electrocatalytic activity for the oxygen
reduction reaction in the presence of methanol.8 The
methanol oxidation activity of 20 wt % G4-OH-
RuPt/C (utilizing G4-OH dendrimers as a protective
ligand in solution to produce carbon-supported
RuPt bimetallic nanoparticles) catalyst is about 60%
greater than that of E-Tek’s commercially available
20 wt % RuPt catalyst.10 Furthermore, the silica-sup-
ported bimetallic RuPt nanoparticle catalysts were
prepared using G4-OH dendrimers and then sepa-
rated from the dendrimer by deposition/thermal
treatment steps. The kinetic evaluation was investi-
gated for the selective hydrogenation of 3,4-epoxy-1-
butene, which demonstrated that the bimetallic RuPt
catalyst prepared by the co-complexation method
exhibits a superior catalytic activity compared to the
sequential one and is much more active than a con-
ventional catalyst prepared by incipient wetness
method.9 In this regard, quaternized PAMAM
dendrimer was chosen as a template, due to the
advantage of preparing nearly monodispersed
metallic DENs.11,12 Scott et al.13 reported the synthe-
sis, characterization, and catalytic properties of
PdAu bimetallic DENs by partially quaternized
sixth-generation PAMAM dendrimers. The catalytic
hydrogenation of allyl alcohol was significantly
enhanced in the presence of the alloy and core/shell
PdAu nanoparticles compared to the mixtures of
their monometallic nanoparticles. In general, bimetallic
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DENs can be made via three methods:4 co-complexa-
tion, sequential loading, and partial displacement. The
co-complexation method has been used to synthesize
bimetallic alloy DENs, the bimetallic core/shell DENs
could be devised by both sequential loading and par-
tial displacement methods. However, although a few
bimetallic DENs had been synthesized and demon-
strated higher catalytic activity and/or better catalytic
selectivity in homogeneous or heterogeneous catalytic
reactions, more types of metallic DENs are yet to be
studied and more applications of DENs, especially in
macromolecular reactions are yet to be explored.

The purpose of this article is to investigate the
syntheses and catalytic activities of RuRh and RuPt
bimetallic DENs. Specially designed addition reaction
of poly(methylhydro)siloxane (PMHS) and 1-hexene
has been carried out to determine the regioselective
catalyzed modification of multifunctional hybrid
PMHS, which is important for three reasons.14 First,
PMHS is an excellent inorganic template because of
its availability in various molecular weight ranges
and well-defined microstructures. Second, evenly
distributed SiAH bonds in PMHS can be viewed as
chemical handles on which organic groups can be
catalytically attached to generate hybrid polymers
not achievable by physical mixing of individual
phases. Finally, although the regioselective modifica-
tion of monomeric species are well documented,15–18

selective hydrosilylation of polyhydrosiloxanes is
still a challenging task due to side reaction, such
as redistribution of functional groups, self-dehydro-
coupling, and crosslinking reactions, etc.

EXPERIMENTAL

Materials

Fifth-generation amine-terminated PAMAM den-
drimer (G5-NH2, with 128 primary amine groups on
the terminal) having an ethylenediamine core was
purchased in a methanol solution, which contained
10–25 wt % of G5-NH2 from Dendritech (Midland,
MI). Before use, the methanol was removed under
vacuum at room temperature. RuCl3 (98 wt %),
RhCl3 (98 wt %), K2PtCl4 (98 wt %), NaBH4 (99 wt
%), 1-hexene (99 wt %), and tetrahydrofuran (THF,
99 wt %) (The Aldrich Chemical, Milwaukee, WI)
were used as received. PMHS (98 wt %, Mw � 2000,
33–35 SiAH units) obtained from Gelest (Morrisville,
PA).

Synthesis of quaternized fifth-generation
PAMAM dendrimers (G5-Q)

G5-NH2 [2.5 g (0.087 mmol)] was reacted with
0.036 g (0.174 mmol), that is, twofold molar excess
of 2-methylacryloyloxyethyl trimethylammonium
chloride in methanol for 4 days at 50�C in a water
bath. Then the methanol was removed by a rotary

evaporator under a pressure of 8–12 mmHg, the
residue was precipitated in 30 mL ether, and then
the precipitate was redissolved in 10 times its weight
of deionized water and dialyzed against water for
4 days. Amine colorimetry measurements19 indicated
that average 96 of the terminal primary groups were
quaternized. Details of the synthetic technique
to prepare partially quaternized dendrimers are
outlined elsewhere.20,21

Preparations of RuRh and RuPt bimetallic DENs

The bimetallic RuRh and RuPt alloy DENs [G5-
Q(RuxRhy) and G5-Q(RuxPty), where x/y ¼ molar
ratio for Ru/Rh or Ru/Pt] were synthesized by
simultaneous co-complexation of two different metal
ions, followed by a co-reduction step.13 16.2 mL of a
0.10 mM aqueous solution of G5-Q were added to
63.0 mL of deionized water in a 100-mL shake-flask,
followed by adding a total volume of 0.60 mL of
both 0.10M RuCl3 and 0.10M RhCl3 or 0.10M RuCl3
and 0.10M K2PtCl4 solutions. After the system was
continually stirred at 200 RPM for 24 h, 1.2 mL of a
0.5M NaBH4 solution were slowly added into it
with vigorous stirring and then stirred at 200 RPM
for another hour.

Regioselective modification of PMHS

Regioselective catalytic modifications of PMHS were
carried out in THF/water (v/v ¼ 6/1) at the atmos-
pheric pressure and room temperature (22�C). 10.0
mL (0.0074 mmol RuRh or RuPt) of the bimetallic
DEN solution were placed into a 150-mL RB Schlenk
flask fitted with a magnetic stirring bar and an
adapter that was connected to the valve of a N2 sys-
tem, and then were added with 60 mL of THF, and
1.1 mL (18.3 mmol) of PMHS, respectively. After the
system was purged with N2 for 15 min, 2.4 mL (18.5
mmol) of 1-hexene were added by a 5-mL syringe
under vigorous stirring to initiate the reaction, fol-
lowed by slowly bubbling N2 and stirring at room
temperature. Samples were taken out via a 10-mL
syringe matched needle-tubing connector at desig-
nated reaction times (RT), and then the product was
separated from reaction mixture by high-speed cen-
trifugation for 20 min, by which the bimetallic DENs
precipitated. After the separation, the solvent was
evaporated via a vacuum system at room tempera-
ture. The product was a white powder.

Characterization

UV–vis absorption spectra can be used for character-
izing the course of the co-complexation of the two
metals with the dendrimer and the subsequent
reduction. The absorption spectra of the RuRh and
RuPt bimetallic DENs during the forming course
were determined with a Shimadzu UVmini-1240
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UV–vis spectrophotometer. The optical path length
was 1.0 cm, and deionized water or aqueous den-
drimer solution was used as the references. The
measured concentrations of total metal and G5-Q
were 0.1 mM and 1.35 lM (twofold dilution concen-
tration of G5-Q template), respectively. The average
particle diameter and the distribution of the DENs
were measured by laser scattering analysis with a
Microtrac NanotracTM 150. Transmission electron
micrographs were obtained using a LEO 912AB
Transmission electron microscope (TEM). For TEM
characterization, a water solution of the bimetallic
DENs was dropped on a carbon-coated Cu grid and
natural air drying. The composition and structure of
modified polymer can be analyzed by FTIR and
NMR spectra. FTIR measurements were carried out
by a Bio-Rad Merlin FTS-3000 spectrophotometer via
the KBr pellet method.1H-NMR,13C-NMR, and 29Si-
NMR spectra were recorded in CDCl3 solvent on a
Bruker-300 MHz NMR spectrometer at room tem-
perature. Proton and carbon spectra were referenced
internally to protonated and carbonated solvent
shifts, respectively. For the convenience of analysis
and characterization, the relevant spectra of FTIR,
1H-NMR, 13C-NMR, and 29Si-NMR are listed as
follows:

PMHS: FTIR v (cm�1): 2970 (sp3CH), 2170 (sp3

SiH, m), 1260 (SiCH3), 1099–1059 (SiO, s), <1000
(SiCH3);

1H-NMR d (ppm): –0.001, 4.52; 13C-NMRd
(ppm): 0.001; 29Si-NMRd (ppm): 8.41, –36.49.

Poly(methylhexyl)siloxane obtained by the RuRh
catalyst system: FTIR v (cm�1): 2970 (sp3CH), 1260
(SiCH3), 1099–1059 (SiO, s), <1000 (SiCH3);

1H-NMRd
(ppm): 0.13, 1.23, 1.41, 1.58, 1.83; 13C-NMRd (ppm):
�4.14, 1.46, 14.03, 22.63, 25.53, 29.63, 30.24, 31.86,
34.16, 67.9;29Si-NMRd (ppm): �22.15, 7.45.

Poly(methylhexyl)siloxane obtained by the RuPt
catalyst system: FTIR v (cm�1): 2970 (sp3CH), 1260
(SiCH3), 1099–1059 (SiO, s), <1000 (SiCH3);

1H-NMRd
(ppm): 0.13, 1.23, 1.41, 1.58, 1.83; 13C-NMRd (ppm):
�4.13, 1.46, 13.98, 22.61, 25.51, 29.56, 30.21, 31.80,
34.10, 67.8;29Si-NMRd (ppm): �22.14, 7.43.

RESULTS AND DISCUSSION

RuRh and RuPt bimetallic DENs prepared
by co-complexation

The preparations of the RuRh and RuPt bimetallic
DENs were carried out by simultaneously using two
metal precursors, both RuCl3 and RhCl3 with G5-Q
dendrimers, or both RuCl3 and K2PtCl4 with G5-Q
dendrimers, followed by NaBH4 reduction. Partially
quaternized PAMAM dendrimers as the template
are due to some relationship problems associated
with amine-terminated PAMAM dendrimers, metal
ions selectively coordinate to the exterior amines,
could be avoided.13 The comparisons shown in both
Figures 1 and 2 clearly demonstrate the evolution of
the absorption peak along with the co-complexation
of metal composition. In Figures 1 and 2, the charac-
teristic absorption peak of G5-Q was at � 197 nm;
after the addition of a series of the bimetallic RuRh
and RuPt nanoparticles, the peaks were shifted to
208 and 209 nm, respectively. The absorption peak
intensities of G5-Q(RuxRhy) increased with decrease
in the Ru/Rh ratios (Fig. 1); however, the ones
of G5-Q(RuxPty) decreased with decrease in the Ru/
Pt ratios (Fig. 2). Regardless of the Ru/Rh or Ru/
Pt ratios, the absorption bands are of nearly expo-
nential shape and this indicates the complete reduc-
tion of metal ions.22 Moreover, it should be noted
that the spectra of the resulting nanoparticles are

Figure 1 UV–vis spectra of RuRh bimetallic DENs with
various Ru/Rh ratios. The total metal concentration in all
cases was 0.1 mM, and the G5-Q concentration was 1.35
lM. [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]

Figure 2 UV–vis spectra of RuPt bimetallic DENs with
various Ru/Pt ratios. In all cases, the final concentrations
of total metal and G5-Q were 0.1 mM and 1.35 lM, respec-
tively. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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different from those of the monometallic Ru or Rh
or Pt nanoparticles. The change can be primarily
attributed to the change in dielectric function caused
by mixing the two different metal atoms. Therefore,
the characteristic monotonic absorption spectra
suggest that bimetallic nanoparticles are formed in
the cavities of the dendrimers.23

The mean particle diameter (D) and the standard
deviation (S) of the RuRh and RuPt bimetallic DENs
prepared by the co-complexation route are shown in
both Tables I and II, respectively. In Table I, the D is
within 5 nm, and the S is less than 1.3 nm, which
implies that the G5-Q can be used to the nearly
monodispersed RuRh bimetallic DENs. In Table II,
the particles have the D of smaller than 5 nm, and
the S also of smaller than 2 nm, which shows that
the G5-Q as a template was effective in assisting the
synthesis of the RuPt bimetallic nanoparticles.

TEM study of the RuRh bimetallic DENs further
confirms the above results. Figures 3 and 4 are
TEM micrographs of the G5-Q(Ru5Rh5) and G5-
Q(Ru7Pt3) DENs, respectively. In Figure 3, the
microscopy demonstrates that the particle size is
uniform. The formation of nearly monodispersed
nanoparticles suggests the effectiveness of den-
drimers acting as both nanoreactors for the prepara-
tion of nanoparticles and as nanoporous stabilizers
for the prevention of aggregation. Specifically, in
Figure 3, standardless quantitative analysis of three
particles using the parallel lines resulted in an aver-
age particle size of around 1 nm. Similar to the
RuRh case, bimetallic RuPt nanoparticles are well
dispersed, and the particle shape is nearly spherical
in Figure 4(a). Figure 4(b) further shows the corre-
sponding size distribution histogram of the RuPt
bimetallic nanoparticles, which demonstrates that

the nanoparticles display a Gaussian-like size distri-
bution. The D and S of RuPt bimetallic DENs are
2.20 and 0.73 nm, respectively.

Regioselective modification

The regioselective modification of PMHS with 1-hex-
ene was examined using bimetallic nanoparticles
synthesized in the current work (Scheme 1). With
the reaction proceeding, the colorless mixture solu-
tion gradually turned to be a homogeneous brown-
ish yellow, and then became a milky latex, indicat-
ing the generation of poly(methylhexyl)siloxane.
The progress of the reaction was monitored with

FTIR spectroscopy by following the disappearance
of the SiAH absorption band at 2170 cm�1, associ-
ated with starting materials, could be used to infer
the catalytic activity of bimetallic DENs in the
hydrosilylation reaction of PMHS with 1-hexene.16

Table III shows the reaction parameters for the
hydrosilylation reaction of PMHS with 1-hexene
using different bimetallic DENs as catalysts. For
the RuRh bimetallic DENs, the effect of [substrate]/
[catalyst] ratio on the conversion at 2 h can be seen
in Table III (Ru5Rh5-1, Ru5Rh5, and Ru5Rh5-6). The
conversion at 2 h decreased with increasing the ratio
of the [substrate]/[catalyst]. This was due to increas-
ing the substrate concentration when the ratio of the
[substrate]/[catalyst] increased. Contrarily, the con-
version shown in Table III increased with increasing
the catalyst concentration (Ru5Rh5-2, Ru5Rh5, and
Ru5Rh5-3). The effect of the temperature on the

TABLE I
Mean Particle Diameter (D) and Standard Deviation (S)

of RuRh Bimetallic DENs

G5-Q (RuxRhy) D (nm) S (nm)

Ru 1.94 0.56
Ru7Rh3 4.02 1.16
Ru5Rh5 0.92 0.06
Ru3Rh7 4.68 1.27
Rh 1.59 0.86

TABLE II
Mean Particle Diameter (D) and Standard Deviation (S)

of RuPt Bimetallic DENs

G5-Q (RuxPty) D (nm) S (nm)

Ru 1.94 0.56
Ru7Pt3 2.20 0.73
Ru5Pt5 3.93 1.50
Ru3Pt7 4.29 1.92
Pt 3.81 1.17

Figure 3 TEM micrograph of bimetallic G5-Q(Ru5Rh5)
obtained by reduction of 50/50 ratio of Rh3þ and Rh3þ

ions in the presence of G5-Q.
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conversion at 2 h is also shown in Table III (Ru5Rh5,
Ru5Rh5-4, Ru5Rh5-5). The conversion apparently
increased with the increase in the reaction tempera-
ture, because it enhanced the mass transfer between
catalysts and substrates with increasing tempera-
ture.24 Keeping the reaction parameters constant
([substrate]/[catalyst] ratio ¼ 2500 : 1, [catalyst] ¼
100 lM, T ¼ 22�C, and RT ¼ 2 h), Table III shows
that DENs containing Rh-rich DENs (Ru/Rh ratio
of 7/3, 5/5, and 3/7) yielded in a higher conversion
than those obtained from monometallic nano-
particles (the conversion from the Ru-only DENs is
44% and from the Rh-only DENs is 52%). The higher
conversion from the RuRh DENs is the enhanced
catalytic activity in the bimetallic catalysts, a syner-
gistic electronic effect between metals.25 Such syner-
gistic electronic effect has also been observed in the
RuPt system (Table III). The RuPt system presented
a similar catalytic activity with above the RuRh
DENs catalysts in the hydrosilylation reaction of
PMHS with 1-hexene. However, the RuRh bimetallic
DENs were found to be more effective catalysts than
the RuPt DENs, which could be partially due to the
smaller and narrower size distribution of the RuRh
bimetallic nanoparticles. Furthermore, the highest
conversion at 2 h in the RuRh system was achieved
with a RuRh ratio of 5/5, whereas the RuPt system
was a Ru/Pt ratio of 7/3. Those results suggest that
the catalytic activities of bimetallic DENs were de-
pendent on the metal composition of bimetallic
nanoparticles and their activities were higher than
those of the monometallic ones prepared by the
same method.

Catalytic selectivity

NMR analyses can explain the regiospecificity of the
above addition reaction. In general, the addition of
SiAH bonds to alkene can take place either in an
anti-Markovnikov (b-addition) fashion resulting in
the silicon being attached at the terminal position or
in a Markovnikov (a-addition) fashion resulting in

Scheme 1 RuRh and RuPt bimetallic DENs-catalyzed regioselective modifications of PMHS.

Figure 4 TEM micrograph of G5-Q(Ru7Pt3) (a) and the
corresponding size distribution histogram (b).

338 PENG, PAN, AND LU

Journal of Applied Polymer Science DOI 10.1002/app



the silicon being attached at the iso-position of 1,2-
alkene.

Figures 5 and 6 present the 1H-NMR spectra of
PMHS modified with 1-hexene when the reactions
were carried out for 26 and 24 h, respectively.

The regioselective modification of PMHS was pro-
ceeded almost exclusively by b-addition of the SiAH
group with the vinyl double bond. The virtual ab-
sence of the a-addition products may be seen in the
1H-NMR spectra by the absence of the peak at 0.5
ppm,16 which may be assigned to aliphatic methyl
groups. In addition, 13C-NMR spectra of PMHS
revealed two new peaks at d 25.5 (ACH2CH2Si) and

d 14.0 (ACH2CH2Si), which indicated exclusive b-
silylation of 1-hexene at terminal carbons.
Figure 7 shows 29Si-NMR spectrum of G5-

Q(Ru5Rh5) catalyzed regioselective modification of
PMHS in CDCl3. The

29Si-NMR analysis of the reac-
tion mixture showed only a single peak at d –22.15
(ACH2SiMe) corresponding to hexyl-substituted sili-
con centers beside the peak at d 7.45 originating
from the terminal AOSiMe3 group. The result was
also found to be similar to 29Si-NMR spectrum of
G5-Q(Ru7Pt3) catalyzed regioselective modification
of PMHS in CDCl3.

Reaction kinetics

The reaction kinetics of the hydrosilylation reaction
of PMHS with 1-hexene was studied using the quan-
titative FTIR method16 based on the absorption
measurements at the SiAH absorption band at
2170 cm�1, with reference to the standard curve.

TABLE III
Reaction Parameters for the Hydrosilylation Reaction
of PMHS with 1-Hexene using Different Bimetallic

DENs as Catalysts

DENs

[Substrate]/
[catalyst]
molar ratio

[Catalyst]
(lM)

Reaction
temperature

(�C)

Conversion
(%)a

(reaction
time, h)

Ru 2500 : 1 100 22 44 (2)
Ru7Rh3 2500 : 1 100 22 71 (2)
Ru5Rh5 2500 : 1 100 22 79 (2)
Ru5Rh5-1 1500 : 1 100 22 90 (2)
Ru5Rh5-2 2500 : 1 50 22 47 (2)
Ru5Rh5-3 2500 : 1 200 22 88 (2)
Ru5Rh5-4 2500 : 1 100 30 85 (2)
Ru5Rh5-5 2500 : 1 100 40 89 (2)
Ru5Rh5-6 5000 : 1 100 22 53 (2)
Ru3Rh7 2500 : 1 100 22 72 (2)
Rh 2500 : 1 100 22 52 (2)
Ru7Pt3 2500 : 1 100 22 69 (2)
Ru5Pt5 2500 : 1 100 22 63 (2)
Ru3Pt7 2500 : 1 100 22 57 (2)
Pt 2500 : 1 100 22 35 (2)

a Conversion was measured via quantitative FTIR
method based on peak height ratio of v (sp3SiH, 2170
cm�1) with v (sp3CH, 2970 cm�1).

Figure 5 1H-NMR spectrum of G5-Q(Ru5Rh5) catalyzed
regioselective modification of PMHS in CDCl3.

Figure 6 1H-NMR spectra of PMHS modified with 1-hex-
ene using G5-Q(Ru7Pt3) catalyst with reaction times of 2,
4, 8, and 24 h.

Figure 7 29Si-NMR spectrum of G5-Q(Ru5Rh5) catalyzed
regioselective modification of PMHS in CDCl3.
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Figures 8 and 9 are FTIR spectra of PMHS modified
with 1-hexene using both G5-Q(Ru5Rh5) and G5-
Q(Ru7Pt3) catalysts after different reaction time,
respectively. Shown in Figures 10 and 11 are the cor-
responding plots of the conversion of the SiAH
group with the reaction time for G5-Q(Ru5Rh5) and
G5-Q(Ru7Pt3) catalyzed regioselective modifications
of PMHS, respectively. It is seen that the rate of
hydrosilylation reaction was all very large within 2

h and then slowed down. The SiAH conversion of
PMHS catalyzed by the RuRh and RuPt systems can
reach to 98.8% (26 h) and 99.3% (24 h), respectively.
In addition, in Figures 10 and 11, we also note that
the RuRh and RuPt alloy nanoparticles showed that
their ability to hydrosilylate reaction of PMHS with
1-hexene was at higher rate than physical mixtures
of their monometallic DENs with equal composition.
Such an enhancement was believed to be due to syn-
ergistic electronic effect.4

Similar results may also be drawn from an exami-
nation of the 1H-NMR spectroscopy variation with
RT of 2, 4, 8, and 24 h (Fig. 6). It also showed the
gradual disappearance of the peaks associated with
SiAH (d 4.68), and the appearance of the new peaks

Figure 8 FTIR spectra of PMHS modified with 1-hexene
using G5-Q(Ru5Rh5) (a) and physical mixture of G5-Q(Ru)
þ G5-Q(Rh) (b) catalysts after different reaction time.

Figure 10 Conversion versus reaction time for G5-
Q(Ru5Rh5) (n) and physical mixture of G5-Q(Ru) þ G5-
Q(Rh) (~) catalyzed regioselective modifications of
PMHS. Conditions: substrate : metal ratio ¼ 2500 : 1, [cata-
lyst] ¼ 100 lM, T ¼ 22�C.

Figure 9 FTIR spectra of PMHS modified with 1-hexene
using G5-Q(Ru7Pt3) (c) and physical mixture of G5-Q(Ru)
þ G5-Q(Pt) (d) catalysts after different reaction time.

Figure 11 Conversion versus reaction time for G5-
Q(Ru7Pt3) (n) and physical mixture of G5-Q(Ru) þ G5-
Q(Pt) (~) catalyzed regioselective modifications of PMHS.
Conditions: substrate : metal ratio ¼ 2500 : 1, [catalyst] ¼
100lM, T ¼ 22�C.
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in the methylene region (d 1.2–1.6).14 These measure-
ments provide a direct evidence of the consumption
of the SiAH functional groups during the modifica-
tion of PMHS.

CONCLUSIONS

We have shown that bimetallic RuRh and RuPt alloy
DENs can be synthesized by the co-complexation
method, that is, Ru3þ and Rh3þ or Ru3þ and Pt2þ

ions, were simultaneously complexed within the G5-
Q, and then the resulting composites are reduced
via NaBH4. UV–vis spectroscopy suggests that the
bimetallic RuRh and RuPt nanoparticles were
formed in the template of G5-Q. Laser scattering
analysis and TEM results show that the co-complex-
ation method provides useful means for preparing
well-dispersed bimetallic RuRh and RuPt alloy nano-
particles. The G5-Q(Ru5Rh5)- and G5-Q(Ru7Pt3)-cat-
alyzed regioselective modifications of PMHS with 1-
hexene, all displayed a high efficiency of hydrosily-
lation, confirmed by a quantitative FTIR method,
and NMR analyses also identified the results.
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