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Noble metal nanoparticles are attractive for catalyses because [=
of their size effectd-3 However, having very active surface atoms (100)
could often lead to aggregation of the naked nanoparticles and [| MI’M
decreases in catalytic activity and selectivity. In particular, Pd(0) LIT——
catalysts are known to aggregate easily and form Pd(0) black,
although they realize a wide variety of useful reactions in organic q\ﬂﬁ‘m R
synthese$ Recently, many stabilizing methods have been developed j]vﬂ:[;aﬁh_ )
to solve the problerf:® Unfortunately, the strong absorption of e 2 | 8
the stabilizers on the active sites of the nanoparticles results in losses 2 aP— : =
of the catalytic activity and selectivity. Polyamidoamine (PAMAM) Te
dendrimers are highly branched, well-defined, synthetic macro- “ '
molecules available in nanometer dimensions. The characteristic
of the dendrimers is that they are soft adsorbents that permit passag:
of the substrates and products of the catalytic reactions. Recently, 1o
Crooks’ group reported that the dendrimer-encapsulated noble metal
clusters exhibited highly catalytic activity, and the dendrimers acted 1 Pd
as both templates and porous nanoreadfofs. Although, as A 1 "
homogeneous catalysts, the dendrimer-encapsulated noble meta L ¢ A ] '“
nanoparticles show uniquely catalytic characteristics, difficulties Figure 1. (a) The low-angle XRD patterns of G4-PAMAM-SBA-15 (1)

in separation and reuse limit the application of the materials. and Pd(0)-G4-PAMAM-SBA-15 (2) with the insert of the wide-angle XRD
Immobilization of catalysts on solid supports may result in pattern of Pd(0)-G4-PAMAM-SBA-15. (b) HRTEM image of Pd(0)-G4-

significant losses of catalytic activitidé3As a result, much effort ~ PAMAM-SBA-15. (c) EDS spectrum of Pd(0)-G4-PAMAM-SBA-15.

has E_een EUt izto finding n?‘g’ Cﬁtﬁlytic systems, Whic(i:ftl}ef‘fectively Scheme 1. Preparation of SBA-15 Supported Dendrimers

combine the advantages of both heterogeneous and homogeneous _

catalysed#1® ’ ’ ’ "\’ )
During our preparation progress, two steps were followed (see 4 “%n:,' el A o é-\ Q:Z:? Repent

the Supporting Information (SI) for details). First, the dendrimers <u.“ T{ f@.n.m(&h G pgr i e - G4

(more accurate names should be hyperbranched polymers; see the \{*_’j’“““ \0’5 ™ \ﬂj' bt

Sl description) up to generation 4 1§(h = 1—4) were constructed \__G@ \ o) G

onto the surfaces of the channels of amine-functionalized SBA-15

(Scheme 1), using modified multistep procedures, based on theScheme 2. Formation of Nanoparticles

literaturel®17 A Michael-type addition reaction of the preexisting

amino groups to the methyl acrylates forms the amino propionate

esters. Subsequent amidation of the ester moieties with ethylene-

diamine completed the generation. Repetition of these two reactions

produced the desired generation of the dendrimers. The structural 7 E B,

characterizations of the dendrimers grafted on the surfaces of SBA- o=Pd?* @-40) nanoparicles

15 were carried out by cross-polarized magic-angle spinning

(CPMAS)3C NMR and infrared spectroscopy (Figures S1 and S2). in the formation of dark brown powders of Pd(Op®AMAM-

The decrease of the surface areas, pore volumes, and pore sizeSBA-15 (Scheme 2).

with the increase of generations confirmed that the dendrimers were Low-angle X-ray diffraction (XRD) patterns (Figure 1a) of the

constructed onto the channel surfaces of SBA-15, based on theG4-PAMAM-SBA-15 and Pd(0)-G4-PAMAM-SBA-15 powders

nitrogen adsorption analyses (Figure S3 and Table S2). Overall show the peaks at 0.92, 1.57, and 2,84hich correspond to the

yields of every generation of dendrimers were also calculated by (100), (110), and (200) reflections of the mesoporous SBA-15,

thermogravimetric and elemental analyses (Figure S4 and Tablerespectively8® indicating that the structures of SBA-15 are well

S3). The above results proved that the dendrimers were successfullypreserved. Wide-angle XRD pattern (insert in Figure 1a) of the

constructed onto the channel surfaces of SBA-15. Second, Pd(ll) Pd(0)-G4-PAMAM-SBA-15 powders shows a very weak peak at

ions were introduced into the dendrimers in the tunnels of SBA- 40.2, which is attributed to the (111) reflection of Pd(0) crystdls,

15, and they were subsequently reduced by, Bivhich resulted suggesting that the Pd(0) nanoparticles exist stably over the G4-
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Table 1. Hydrogenation Activities and Selectivities of the reaction. Generally, during the recycling and storage of the catalysts
Catalysts consisting of the supported Pd(0) nanoparticles, an increase in the
Pd(0)-G1- Pd(0)-G2- Pd(0)-G3- Pd(0)-G4- size of the nanoparticles due to agglomeration and oxygenation in
PAMAM- PAMAM- PAMAM- PAMAM- the air always leads to deactivation of the catatystowever, our
SBA-15 SBA-15 SBA-15 SBA-15 Pd(0) nanoparticles stabilized by the orgafitvorganic hybrid
TOF 2185/2150  2266/2288  711/705  739/734 composites are stable enough to retain the activity when the catalyst
selectivity(%) ~ 79.0/77.7  82.0/82.8 ~ 93.4/92.6  91.4/90.8  \yas reused several times or stored under ambient condition for one
conversion(%) >99.5% >99.5% >99.5% >99.5%

month (Figure S10).

aThe tumover frequencies (TOFs) were measured as moles hydrogenated N Summary, we have prepared heterogeneous Pd(0) nanoparticle
allyl alcohol per molar Pd per houtDuplicate measurements were  catalysts stabilized by GPAMAM-SBA-15 organic-inorganic
performed to illustrate the levels of run-to-run reproducibilitfhe hybrid composites. The catalysts show highly catalytic activity for
selectivities to the hydrogenated products of 1-propanol. the hydrogenation of allyl alcohol. Importantly, the hydrogenation
rate and selectivity can be controlled by using different generation
catalysts. Additionally, the catalysts are stable enough to be recycled
multiple times and preserved for one month under ambient
condition, while maintaining the catalytic activities.

PAMAM-SBA-15 hosts. High-resolution transmission microscopy
(HRTEM) image (Figure 1b) clearly shows that the Pd(0) particles
are quite monodisperse in the channels of SBA-15. The elemental
compositions of the nanoparticles were confirmed by the energy-
dispersive spectroscopy (EDS) and ICP analyses (Table S1). Acknowledgment. This work was financially supported by the
To evaluate the catalytic characteristics of the materials, we Chinese National Science Foundation (NO. 20201013) and the

investigated the hydrogenation reactions of allyl alcohol over the Creative Foundation (No. SCX200404) of Chinese Academy of
different generation catalysts (Figures S6, S7, and S8) under similarScijences.

conditions, which were adopted in the homogeneous hydrogenation ) ) ) )

over the dendrimer-encapsulated Pd(0) nanoparfilBse turnover Supporting Information Available:  Procedure for preparing
frequencies (TOFs), selectivities to the 1-propanol, and conversionsPd(0)-G*PAMAM-SBA-15 catalysts, hydrogenation reactions, data of
for the hydrogenation of allyl alcohol are summarized in Table 1, catalyses, HRTEM of the G3-PAMAM-SBA-15 and Pd(0)-G3-PAMAM-

. . . ... SBA-15, N, adsorption data of the tSPAMAM-SBA-15, results of
which suggest that all of the catalysts show highly catalytic activit o
99 : Y ghly catalyt Y the ICP-AES, TGA, EA quantitative analysé&; CPMAS NMR, and
for the hydrogenation of allyl alcohol. Notably, the activity of our FT—IR spectra of the materials (PDF). This material is available free
Pd(0)-G4-PAMAM-SBA-15 catalyst is 1.5 times that of the fourth pec ) :
. . of charge via the Internet at http://pubs.acs.org.
generation dendrimer-encapsulated Pd(0) homogeneous céafalyst.
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