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Supported metal nanoparticle (MNP) catalysts are of interest in
heterogeneous catalysis because of their fascinating catalytic
behavior, in response to challenges in the fine-chemicals indus-
try.[1] However, the leaching/agglomeration of MNPs that usual-
ly occurs results in a diminishment of their catalytic activity
over time owing to the weak anchorage on supports. On the
other hand, strong immobilization of supported stabilizers
around MNPs could prohibit the catalytic activity of surface
metal atoms.[2] Recently, encapsulating MNPs in porous materi-
als such as zeolites, activated carbon, and metal–organic
frameworks (MOFs) by means of appropriate anchorage has
been regarded as a sustainable strategy to improve catalytic
activity and facilitate catalyst recovery.[3] Moreover, the porous
structures can not only serve as templates for synthesizing
monodisperse MNPs, but also provide a well-defined microen-
vironment that can control the selectivity of catalytic reactions
on the encapsulated MNPs and avoid the leaching of MNPs.[4]

For example, Jiang and co-workers reported Pt@MIL-125/Au as
a high-performance photocatalyst for water splitting.[4h] Tang
and co-workers synthesized sandwich MIL-101@Pt@MIL-101 for
hydrogenation of a,b-unsaturated aldehydes to unsaturated al-
cohols.[4i] Astruc and co-workers prepared transition metal NPs/
ZIF-8 composites for H2 generation on hydrolysis of ammonia–
borane.[4j]

To date, in porous-material-supported MNPs for heterogene-
ous catalysis, the MNPs either decorate the outer surface or

are completely incorporated within the porous materials.[5] In
the former case, the MNPs immobilized on the outer surface
have high surface energy and tend to migrate and aggregate
into larger particles; this leads to loss of catalytic activity
during continuous reactions. In addition, the weak metal–sup-
port interaction is also unfavorable for stability and selectivi-
ty.[6] In the latter case, the inner porous space can ensure uni-
form dispersion of incorporated MNPs with high stability and
catalytic selectivity.[7] However, the critical bottleneck is the
slow diffusion rate when the reactants pass through the long
path in the support to access active sites of MNPs. The slow
diffusion would result in poor reaction efficiency if the rate-lim-
iting step is diffusion of the reactant to the active sites or diffu-
sion of product out of the catalyst. Clearly, the spatial distribu-
tion of MNPs in the porous materials brings about a trade-off
between the reaction efficiency and selectivity.[8]

The selective hydrogenation of a,b-unsaturated aldehydes
(C=O versus C=C) to produce unsaturated alcohols is an essen-
tial step in the preparation of various fine chemicals, but ach-
ieving high selectivity to the unsaturated alcohols at high con-
version is challenging.[9] The use of heterogeneous catalysts is
a potential way to achieve both atom-efficient and environ-
mentally friendly chemical procedures. In this work, cinnamal-
dehyde (CAL), as a representative a,b-unsaturated aldehyde,
was chosen as a model substrate to study the effect of the
spatial distribution of Pt NPs in Ni/Zn-MOF on the catalytic per-
formance of the MNPs-MOF composites. A series of catalysts
were fabricated by controlling spatial distributions of MNPs in/
on the MOF during its homoepitaxial growth (Scheme 1). Cata-
lysts in which MNPs are located in the central area and outer
surface of Ni/Zn-MOF spheres are denoted MNPs@MOF(S) and
MNPs/MOF(S), respectively, and those with MNPs located in
the central area and the void space between the shell and the
core of the yolk–shell MOF are denoted MNPsin@MOF(Y) and
MNPsvoid@MOF(Y), respectively. Interestingly, MNPsvoid@MOF(Y)
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shows better catalytic performance than the others. In particu-
lar, the easily recoverable and stable Ptvoid@MOF(Y) shows an
exceptionally high selectivity of 98.2 % toward cinnamyl alco-
hol at a high conversion of 97 %. The systematic investigation
of how the spatial localization of MNPs in the MOF support in-
fluences the catalytic performance thus provides a guideline
for developing supported catalysts with outstanding per-
formance.

Ni/Zn-MOF-supported Pt NPs were prepared by
adjusting the addition sequence of Pt NPs with a
size of approximately 5 nm (see Supporting Informa-
tion, Figure S1) during the growth of the MOF. As
shown in Figure 1 A, the powder X-ray diffraction
(PXRD) patterns of the obtained Pt/MOF(S),
Pt@MOF(S), Ptin@MOF(Y), and Ptvoid@MOF(Y), which
show clear characteristic peaks indexed to Ni/Zn-
MOF (see the Supporting Information for synthetic
details), demonstrate retention of the Ni/Zn-MOF
structure after loading with Pt NPs. The absence of
diffraction peaks of Pt NPs is probably attributable to
the low Pt content in the composites. The formation
and associated morphological changes of the Pt/
MOF composites were subsequently investigated by
SEM and TEM (Figure 1 B–D and Figures S2 and S3).
Taking Ptvoid@MOF(Y) as an example, Ni/Zn-MOF(S)
microspheres with smooth surface were initially
formed after a crystallization time of 1.5 h (Fig-
ure 1 B). Then, the Pt NPs were added to the solution
containing the precursors of Ni/Zn-MOF for crystalli-
zation for a further another 4.5 h. Ptvoid@MOF(Y) with
echinoidea-like structure and size of approximately
3 mm was obtained (Figure 1 C). The similar structure
of pristine Ni/Zn-MOF (Figures S4 and S5) suggests
that the encapsulation of Pt NPs did not damage the
structure of Ni/Zn-MOF, in agreement with the PXRD
result. Importantly, the yolk–shell structure of the

MOF and a clear cavity between the outer shell and inner yolk
sphere were further revealed by TEM (Figure 1 D), in which the
Pt NPs with exposed (111) plane are uniformly distributed (Fig-
ure S6).[10] Furthermore, the energy-dispersive X-ray spectrosco-
py (EDS) mapping analysis of Ptvoid@MOF(Y) showed that the
Zn, Ni, and Pt elements in Ptvoid@MOF(Y) are homogeneously
distributed on the Echinoidea-like structure (Figure 1 E). Thus,
the spatial distribution of incorporated Pt NPs in/on the MOF
can be controlled by their addition sequence.[4c, 8a, 9b]

Similarly, the other Pt@MOF composites, Pt@MOF(S) (Fig-
ure S2) and Ptin@MOF(Y) (Figure S3), with different morpholo-
gies were fabricated by adjusting the addition sequence of Pt
NPs. All of the composites show type IV N2 adsorption iso-
therms of mesoporous materials with the following order
of BET surface areas: MOF (683 m2 g�1)>Ptin@MOF(Y)
(469 m2 g�1)>Pt@MOF(S) (346 m2 g�1)>Ptvoid@MOF(Y)
(297 m2 g�1)>Pt/MOF(S) (180 m2 g�1) (Figures S7–S11). These
results indicate that some of cavities of the host MOF are prob-
ably occupied/blocked by the introduced Pt NPs. In addition,
both MOF and Pt@MOF composites showed high H2 enrich-
ment capability (Figure S12–S16), which is favorable for catalyt-
ic hydrogenation.

Then, the effect of the spatial position of MNPs in/on the
MOF on the catalytic efficiency and selectivity in the hydroge-
nation of CAL was investigated (Figure 2 A, Table 1). The con-
version of CAL on different catalysts as a function of reaction
time follows the order of Ptvoid@MOF(Y)>Pt@MOF(S)>
Ptin@MOF(Y)>Pt/MOF(S). Pt/MOF(S) gave only 56 % conversion

Scheme 1. Schematic illustration of regulating the localization of MNPs in
Ni/Zn-MOF microspheres. The spatial distribution of incorporated MNPs in/
on the MOF can be controlled by means of the addition subsequence
during its homoepitaxial growth: t0 : addition at the beginning, t : after 4.5 h.

Figure 1. A) PXRD patterns of Ni/Zn-MOF, Pt/MOF(S), Pt@MOF(S), Ptin@MOF(Y), and
Ptvoid@MOF(Y). B) SEM image of Ni/Zn-MOF(S). C) SEM images, D) TEM images (inset:
HRTEM image), and E) EDS elemental mapping images of Ptvoid@MOF(Y).
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of CAL with a turnover frequency (TOF) of 23.4 h�1 at 24 h.[11]

This low conversion can be explained by the Pt NPs immobi-
lized on the Ni/Zn-MOF surface having high surface energy,
which leads to their aggregation and thus to loss of catalytic
activity. In contrast, in Ptin@MOF(Y) encapsulation of the Pt NPs
by the MOF results in increased conversion (70 %) and TOF
(29.2 h�1) for CAL. This remarkable enhancement is probably
due to the specific distribution of Pt active sites. However, the
outer thick shell of MOF could inhibit reactant diffusion, as re-
flected by Pt@MOF(S) with a relatively low conversion of 77 %
and TOF of 32.1 h�1 compared with Ptvoid@MOF(Y). Most impor-
tantly, Ptvoid@MOF(Y) exhibits a very high conversion of 97 %
with a TOF of 40.5 h�1, owing to the shortened diffusion dis-
tance of the reactants from the MOF surface to the MNPs
active sites. These comparisons thus illustrate that incorpora-
tion of the Pt NPs into the MOF can guarantee highly distribut-
ed active sites, but also results in a diffusion barrier for reac-
tants accessing active sites through the MOF pores. By modu-
lating the spatial location of Pt NPs in MOF, the Pt active sites
located in the void space between core and shell would
reduce the diffusion distance of reactants from the MOF sur-

face to MNPs active sites and thus contribute to the greatly en-
hanced catalytic activity.

The catalytic selectivity of CAL to cinnamyl alcohol (COL)
was investigated. Figure 2 B shows the selectivity of various
catalysts as a function of reaction time. Ptvoid@MOF(Y) exhibited
excellent selectivity of 98.2 % at 24 h, which is higher than
those of Pt/MOF(S) (85.1 %), Pt@MOF(S) (90.8 %), and
Ptin@MOF(Y) (94.2 %) (Figure 2 C). Compared with the bare Pt
NPs (64.0 %), Pt/LDH (LDH = layered double hydroxide) (24.0 %),
and Pt/Al2O3 (63.4 %) (Figure S17, S18, and Table S1), all
Pt@MOF composites exhibited improved selectivity toward
COL (Table 1, entries 5–8). This could be attributed to the
metal–support interaction between Pt and Ni/Zn-MOF, which is
beneficial for adsorption and activation of the C=O rather than
the C=C bond, and hence higher selectivity toward COL.[12] The
MOF can also serve as a selectivity regulator for the hydroge-
nation of a,b-unsaturated aldehydes.[8a] In particular, the yolk–
shell MOF structure can change the chemical environment sur-
rounding the NPs and simultaneously allow reactants access to
the active sites. Moreover, steric effects imposed by pores/
channels would enhance the selectivity in the case of Pt NPs
confined in porous Ni/Zn-MOF. However, Pt/MOF(S) showed
only 78.4 % selectivity to COL because only the edges of Pt
NPs are in direct contact with the Ni/Zn-MOF support. The
metal–support interface area is a small fraction of the entire Pt
NPs surface, and the exposed metal surface could cause irre-
versible hydrogenation. On the contrary, the Pt NPs encapsu-
lated within the MOF could create more metal–support inter-
actions. Pt@MOF(S) and Ptin@MOF(Y) showed selectivities to
COL as high as 86.3 and 92.2 %, respectively. The enhanced se-
lectivities most likely result from the steric effect imposed by
the MOF shell. The average pore size of Ni/Zn-MOF of approxi-
mately 1.3 nm (Figure S19) is very close to the size of CAL
(1.05 � 0.65 nm, Figure S20), and this may cause the steric
effect. As a result, the narrow channels of the MOF may force
the reactant molecules (CAL) to be adsorbed on the encaged
Pt particles (�5 nm, Figure S6) through the C=O bond, and
thus access to the C=C bond is restricted. Similar steric effects
imposed by pores/channels were proposed to enhance the se-
lectivity in the case of Pt NPs confined in porous materials.[4b]

By comparing their conversions, a trade-off phenomenon be-
tween improved selectivity and decreased TOF was observed,

Figure 2. Curves of A) conversion of CAL, B) selectivity for the hydrogenation of CAL to COL as a function of reaction time, and C) selectivity toward HCAL,
HCOL, and COL for the hydrogenation of CAL over Pt/MOF(S), Pt@MOF(S), Ptin@MOF(Y), and Ptvoid@MOF(Y) for 24 h.

Table 1. Hydrogenation of cinnamaldehyde (CAL) over different catalyst-
s.[a]

Entry Catalyst Time Conversion[a] Selectivity[a] [%] TOF[b]

[h] [%] HCAL HCOL COL [h�1]

1 Pt/MOF(S) 21.5 50 12.1 9.5 78.4 23.3
2 Pt@MOF(S) 12.3 50 14.7 0 86.3 40.7
3 Ptin@MOF(Y) 16.5 50 5.2 2 92.2 30.3
4 Ptvoid@MOF(Y) 3.8 50 1.4 1.8 96.8 131.6
5 Pt/MOF(S) 24 56 3.9 11 85.1 23.4
6 Pt@MOF(S) 24 77 6.7 2.5 90.8 32.1
7 Ptin@MOF(Y) 24 70 3.9 1.9 94.2 29.2
8 Ptvoid@MOF(Y) 24 97 0.6 1.2 98.2 40.5

[a] Reaction conditions: CAL (0.5 mmol), catalyst (0.1 mol % Pt NPs),
1 MPa H2, 50 8C. [b] Percentage conversion of CAL and selectivity for spe-
cific products (hydrocinnamaldehyde, HCAL; hydrocinnamyl alcohol,
HCOL; cinnamyl alcohol, COL) were determined by GC-MS. [c] TOF =

moles of converted COL/(mole of total Pt � reaction time).
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because the MOF shell not only improves selectivity, but also
inhibits the reaction efficiency. Ptvoid@MOF (Y) exhibited a quite
high selectivity of 98.2 %. The void space between the MOF
shell and core may improve the adsorption of CAL and simul-
taneously help preferential desorption of COL. In addition, the
void space can enhance H2 adsorption,[13] and the hydrogena-
tion step on the surface of Pt NPs thus favors attack at the
C=O bond to yield COL.[14] Ptvoid@MOF(Y) with exceptionally
high selectivity and conversion efficiency thus demonstrates
the best performance among all reported Pt-based catalysts
for CAL hydrogenation (Table S2).

The reusability of Ptvoid@MOF(Y) was then tested. No obvious
degradation of both conversion and selectivity over five suc-
cessive cycles was observed, and this indicates that the MNPs
are well protected by the stable MOF (Figure S21). Moreover,
the highly efficient, easily recoverable, and recyclable catalysts
can reduce energy costs and waste generation during subse-
quent workup procedures. The structural integrity was also re-
tained, as verified by PXRD and SEM measurements (Figure S22
and S23). In addition, after removal of the catalyst, the reaction
solution did not exhibit any further reactivity under similar
conditions, which implies that no catalytically active entities
were leached (Figure S24). Evidently, yolk–shell Ptvoid@MOF(Y) is
highly stable against migration and sintering of Pt NPs, and
hence exhibits excellent activity, selectivity, and stability for the
hydrogenation reaction.

Then, the catalytic mechanism of Ptvoid@MOF(Y) was studied.
As shown in Figure 3 A, the hydrogen temperature-pro-

grammed desorption (H2-TPD) maxima for the catalysts give an
order of Ptvoid@MOF(Y) (348 8C)<Pt@MOF(S) (385 8C)<
Ptin@MOF(Y) (390 8C)<Pt/MOF(S) (406 8C). The intensity of de-
sorption peaks increased and the peak positions gradually
shifted to lower temperature. These results indicate easier hy-
drogen dissociation/activation on Ptvoid@MOF(Y), which facili-
tates CAL hydrogenation, consistent with the observed rela-
tively high CAL conversion in experiments. Considering that
the selectivity and conversion of the Pt-MOF system are higher
than those on bare Pt, Pt/LDH, and Pt/Al2O3 composites, we
speculate that the interaction between Pt and the MOF plays
an important role. Hence, X-ray photoelectron spectroscopy
(XPS) was performed to analyze the electron transfer in the Pt-
MOF composites (Figure 3 B). Compared with those in Pt NPs
(74.1 and 70.8 eV for Pt 4f7/2 and Pt 4f5/2, respectively), the bind-
ing energies of Pt@MOF composites show shifts to higher
values. On the other hand, a negative shift of the Ni 2p3/2 bind-
ing energy in the composites compared with that in Ni/Zn-
MOF was observed (Figure S25), which reveals the existence of
an electronic interaction between the metal and the sup-
port.[15] X-ray absorption near-edge structure (XANES) data
were also employed to study the local electronic structure of
the Pt-based catalyst and the interaction with the Ni/Zn-MOF
support (Figure 3 C). It was found that the Pt LIII-edge XANES
profiles of the Pt/MOF(S) and Ptvoid@MOF(Y) are similar to that
of the Pt foil, but the higher white-line intensity indicates
transfer of electrons from the Pt NPs to the Ni/Zn-MOF.

Figure 3. A) H2 TPD profiles for Pt-MOF composites (TCD: thermal conductivity detector). B) XP spectra in the Pt 4f region of Pt NPs, Pt@MOF composites.
C) Normalized XANES spectra at the Pt LIII-edge of Pt foil, PtO2, Ptvoid@MOF(Y), and Pt/MOF(S) ; the inset shows a magnified view of a selected region.
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Moreover, the electron charge densities of Pt NPs and Ni/Zn-
MOF in a Ptvoid@MOF(Y) model (Figure 4 A) were studied by
DFT calculations. The results showed that most of the charge
density originates from the Pt (Figure 4 B), that is, the lattice-
confined Pt atoms contribute favorably to the charge distribu-
tion and thus enhance the catalytic activity of the composite.
The experimental and theoretical studies thus demonstrate the
existence of interfacial electron transfer from Pt to Ni in Ni/Zn-
MOF, which may affect the adsorption energy of Pt active
sites.[16] Thus, the adsorption structures were explored for CAL,
COL, and HCAL over the model Pt(111) and Ptvoid@MOF(Y) sur-
faces (Figure 4 C), and the adsorption energies are shown in
Figure 4 D. The calculated adsorption energy of CAL was
�1.83 eV on Ptvoid@MOF(Y), which is clearly higher than that on
Pt(111) (�1.76 eV). The stronger adsorption on Ptvoid@MOF(Y) is
thus in favor of increasing the rate of CAL hydrogenation,
which is consistent with the experimental results in Table 1.
Moreover, it was found that COL is bound more easily to
Ptvoid@MOF (Y) (�1.46 eV) than to Pt(111) (�1.80 eV). The low
adsorption energy of COL on the former suggests that the for-
mation of COL is a more facile process over this catalyst.[17] As
a result, the easy desorption of COL and the strong adsorption
of CAL preferentially favor attack on the C=O bond to yield
COL rather than attack at the C=C bond,[18] which is in agree-
ment with the observed increased selectivity toward COL.

Conclusion

We have demonstrated that effective control over the spatial
localization of Pt NPs in yolk–shell MOF is very important for si-
multaneously improving the catalytic efficiency and selectivity
of the resulting Pt NPs@MOF catalysts toward the hydrogena-
tion of a,b-unsaturated aldehydes. The catalysts exhibit excel-
lent performance when MNPs are encapsulated in the void
space between the MOF core and shell. The yolk–shell struc-
ture affords a short diffusion distance of the reactants from the
MOF surface to the highly exposed NP active sites. Moreover,
the metal–support interaction and the rich void space are fa-
vorable for improving the diffusion of molecules, and thus si-
multaneously contribute to the fast reaction kinetics and high
selectivity. This work thus provides a new way to optimize the
spatial localization of metal NPs in MOF supports for enhanc-
ing catalytic performance, which may be applicable in design-
ing other embedded, supported MNP catalysts.

Experimental Section

Further experimental and computational details are given in the
Supporting Information.

Figure 4. A) Optimized geometric structures of Pt loaded on a Ni/Zn-MOF (111) surface. B) Top views of the electron charge distribution of Pt NPs and MOF
on the Ptvoid@MOF(Y) model. The colored contours show the charge density associated with the defect state ranging from low (blue) to high electron density
(red). C) Optimized geometries of a) CAL adsorbed on Pt, b) COL adsorbed on Pt, c) CAL adsorbed on Ptvoid@MOF(Y), and d) COL adsorbed on Ptvoid@MOF(Y).
D) Adsorption energy [eV] for reactant (CAL) and products (COL and HCAL) in CAL hydrogenation over Pt(111) and Ptvoid@MOF(Y).
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Synthesis of yolk–shell Ptvoid@MOF(Y) microspheres

In a typical procedure, as-synthesized Pt NPs solution (8 mL),
H2BDC (0.06 g), Ni(NO3)2·6 H2O (0.1 g), and Zn(NO3)2·6 H2O (0.1 g)
were dissolved in a mixture of DMF (16 mL) and ethylene glycol
(10 mL) with stirring for 1 h, and then the solution was aged at
150 8C for 1.5 h. As-synthesized Pt NPs solution (8 mL, 0.6 mm) was
added dropwise with vigorous stirring for 2 h, and then the mixed
solution was further aged at 150 8C for 4.5 h. Subsequently, the
precipitate was washed with DMF and alcohol several times and
then dried under vacuum at 60 8C overnight. The Pt content
(0.15 wt %) of the composites was measured by inductively cou-
pled plasma atomic emission spectroscopy (Varian 710-OES). Pt
NPs, yolk–shell Ni/Zn-MOF(Y), Pt/MOF(S), Pt@MOF(S), and yolk–
shell Ptin@MOF(Y) microspheres were fabricated (see Supporting In-
formation).

Catalytic selective hydrogenation of cinnamaldehyde (CAL)
to cinnamyl alcohol (COL)

Typically, CAL (0.5 mmol) and catalyst (0.1 mol % Pt NPs) were dis-
persed in isopropyl alcohol (5 mL). After flushing with N2, the auto-
clave was purged with H2 five times, and the final H2 pressure of
the autoclave was set at 1.0 MPa, and it was stirred at 50 8C. Then,
the catalysts were separated by centrifugation and washed with
ethanol for reuse, and the obtained reaction solution was filtered
through a filter membrane (0.22 mm) and then analyzed by GC-MS
(Bruker Scion TQ GC-MS/MS equipped with HP-5MS capillary
column).

Model construction

The model of Pt was built by using the XRD data (space group
FM3̄M, with a=b=g= 908, a = b = c = 3.9239 �). The supercell of
Pt is 5 � 5 � 2 in the a, b, and c directions. Then the (111) facet of Pt
was cleaved with a vacuum layer of 15 �, since the (111) facet has
been determined to be the exposed surface by HRTEM. Therefore,
the chemical formula of model Pt is Pt100. The model of Ni/Zn-MOF
was also built from the XRD data (space group P1̄, with a =
10.2077, b = 8.0135, c = 6.3337 � and a= 97.701, b= 97.213, g=
108.7678). The supercell of Ni/Zn MOF is 2 � 2 � 1 in the a, b, and c
directions. Thus, the chemical formula of model Ni/Zn-MOF is
Ni6Zn6C64H72O56. The model of Ptvoid@MOF(Y) was constructed by
putting one layer of Pt atoms on Ni/Zn-MOF, and the vacuum layer
was 15 �.

Computational Method

All calculations are performed by employing the DFT plane-wave
pseudopotential method with the CASTEP code in the Accelrys ma-
terials studio version 6.1 software package.[19] The generalized gra-
dient approximation (GGA) Perdew–Burke–Ernzerhof (PBE) func-
tional and the ultrasoft pseudopotentials were used.[20, 21] The
cutoff energy and Monkhorst–Pack mesh of k points were 380 eV
and (6 � 6 � 1), respectively. The Broyden–Fletcher–Goldfarb–
Shanno (BFGS) algorithm was applied in searching the potential-
energy surface during optimization.[22] The structure optimization
was based on the following three points: 1) an energy tolerance of
1.0 � 10�5 eVatom�1, 2) a maximum force tolerance of 0.03 eV ��1,
and 3) a maximum displacement tolerance of 1.0 � 10�3 �. A Fermi
smearing of 0.1 eV and Pulay mixing were employed to guarantee
fast convergence of the self-consistent field iterations.[23] The ad-
sorption energy Eads of the adsorbate (CAL or COL) on the surface

[Pt or Ptvoid@MOF (Y)] can be calculated with Equation (1):[19, 24]

Eads ¼ Esurfaceþadsorbate � ðEsurface þ EadsorbateÞ ð1Þ

where Esurface is the energy of the investigated surface, Eadsorbate the
energy of CAL or COL, and Esurface+ adsorbate the energy of Pt or
Ptvoid@MOF(Y) with CAL or COL adsorbed.

Characterization

PXRD patterns were recorded by using a Rigaku XRD-6000 diffrac-
tometer with CuKa (l= 1.542 �) radiation (40 kV, 30 mA). XPS was
performed with an ESCA LAB250 spectrometer (Thermo Electron)
by using AlKa radiation. The specific surface area was determined
with a Micrometitics Surface Area Analyzer (ASAP 2020). The mor-
phology of the materials was investigated by SEM (Zeiss SUPRA 55)
with an accelerating voltage of 20 kV, combined with EDS for ele-
mental analysis. TEM and HRTEM images were were obtained with
a JEOL JEM-2100 microscope at an accelerating voltage of 200 kV.
The X-ray absorption near-edge structure (XANES) was performed
at beamline 1W1B of the Beijing Synchrotron Radiation Facility
(BSRF), Institute of High Energy Physics (IHEP), Chinese Academy of
Sciences (CAS). The electron beam energy of the storage ring was
2.5 GeV with a stored current of 200 mA.
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Rational Localization of Metal
Nanoparticles in Yolk–Shell MOFs for
Enhancing Catalytic Performance in
Selective Hydrogenation of
Cinnamaldehyde

Spatial control : Controlling the spatial
localization of metal nanoparticles
(MNPs) in yolk–shell MOFs can improve
catalytic efficiency and selectivity in the
hydrogenation of a,b-unsaturated alde-
hydes. Catalysts in which the MNPs are
encapsulated in the void space between
the MOF core and shell exhibit excellent
performance due to the favorable
metal–support interaction and rich void
space between core and shell.
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