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Metal organic framework Fe-MIL-101-NH; was prepared at different reaction time. The morphology of
the Fe-MIL-101-NH; slightly changed following a longer reaction time; the crystal structure remained.
Neocuproine ligand coordinating palladium complex has demonstrated high activity in selective glycerol
oxidation towards 1,3-dihydroxyacetone (DHA). Neocuproine ligand was attached to MOF Fe-MIL-101-

NH, by forming an amide (CO—NH) bond in this work. The functional Fe-MIL-101-NH, was used as
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catalyst supports to hold palladium and cerium nanoparticles. The resulting composite of the Pd-Ce/Fe-
MIL-101—N=CHpeocuproine Was found to be a high efficient catalyst in the selective oxidation conversion of
glycerol to dihydroxyacetone in comparison with catalysts Pd/Fe-MIL-101—N=CHyeocuproine and Pt-Bi/C.
The catalysts and products were analyzed by FT-IR, XRD, SEM, TEM and 'H, '*C NMR spectroscopy. In
addition, the supported catalyst is recyclable with sustainable activity.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Glycerol is a by-product of biodiesel, which is produced from the
transesterification reactions of oils and fats to their alkyl (methyl,
ethyl, or propyl) esters [1]. Due to the increased demand of biodisel,
glycerol production is continually increased and caused a major
surplus [2-4]. Therefore, great research efforts have been added to
discover either new applications or transformations towards high
value-added chemicals using glycerol as a renewable resource via
the reactions of the esterification [5], etherification [6], etc. Within
all the potentially promising technologies, selective oxidations of
glycerol into more value added chemicals are of great interest in
current biomass research [7,8]. It has been reported that glycerol
oxidation leads to the formation of a range of possible products,
such as dihydroxyacetone, glyoxalic acid, and glyceric acid [9-15].
Dihydroxyacetone (DHA), a simple oxidation product of glycerol, is
currently the most popularly used sunless tanners, which is the only
active ingredient approved by the US Food and Drug Administration
(FDA) for sunless tanning [16]. Currently, DHA is mainly produced
from an atom-inefficient fermentation process [16]. Developments
of new catalytic methods to produce DHA more efficiently are
highly expected in the view of both industry and academia.

* Corresponding author.
E-mail address: zhu_yinghuai@ices.a-star.edu.sg (Y. Zhu).

http://dx.doi.org/10.1016/j.cattod.2016.03.044
0920-5861/© 2016 Elsevier B.V. All rights reserved.

In catalysis, it has been well recognized that transition-metal
nanoparticles (NPs) with a size range of around 5 nm or less own a
higher ratio of the surface-to-volume. And thus enhance the inter-
action between catalytic active centers and reactants, enable more
reactions to occur at the same time. The particles demonstrate
unique physical and chemical properties, which are significantly
different from their bulk counterparts. In addition, the NPs-based
catalysts have the advantages of both homogeneous and het-
erogeneous classes such as well dispersion in reaction mixture
and easily separation from product mixtures [17-20]. It has been
well explored for catalytic oxidation of glycerol to use supported
transition metal nanoparticles-based heterogeneous catalysts. The
product distribution is highly depended upon both the catalysts
and operation conditions. Catalyst Pt-Bi/C was investigated for the
direct conversion of glycerol towards DHA, and demonstrated to be
one of the most efficient catalysts [21]. A yield of 48.1% of DHA was
achieved with the catalyst [21], and that is higher than catalysts of
Pd-Ag NPs/C and Au NPs/C NPs which gave the yields of 44% and
40.7%, respectively [22,23].

On the other hand, carbon and zeolite have been widely used
as catalyst supports to hold metal particles to drive chemical reac-
tions. However, they both show inherent drawbacks. For zeolite
support, only limited scope, less than 200 zeolites, are available.
The pore sizes of zeolites are usually less than one nm; therefore it
remains a big challenge to use zeolite in organic reactions in which
larger molecules are involved [24]. For the carbon-related supports,
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Fig. 2. TEM images of FE-MIL-101-NH, at 50000x magnification with different reaction times. 20 h (upper left), 40 h (upper right), 60 h (lower left), and 80 h (lower right).

the commercially available conventional mesoporous carbon sup- carbon corrosion [25]. On the other hand, metal-organic framework
ports tend to cause mass transport limitations of the reactants and (MOF) is a new emerging material consisting of metal ions and
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Fig. 3. XRD pattern comparison of Fe-MIL-101-NH, with different synthesis times.

coordinated organic ligands to form an ordered three-dimensional
structure [26,27]. MOFs can be conveniently modified by changing
the organic linkers or the metal ions. In addition, functional groups
can also be easily attached onto the functional linkers to provide
active sites. The flexibility provides MOFs unlimited structural pos-
sibilities, and that is crucial to craft MOFs for the required purposes
[26,27]. Their unique properties such as exceptionally high surface
areas, diversity in metals and coordinating ligands, tunable pore
sizes, highly thermal stability (>400 °C) and strong base-resistance
make them much more attractive as catalyst supports in compari-
son with traditionally used solids [26,27]. It is highly expected that
MOFs could offer a promising industrial future. We have been stud-
dying the potential applications of the metal organic frameworks
supported metal nanoparticles-based catalysts for the oxidation of
biomass-based glycerol to DHA. Fe-MIL-101-NH, was selected as
support to hold metal nanoparticles-based catalysts due to its rel-
atively long-term stability in air as well as high porosity [28,29].
Importantly, in the molecular structure of Fe-MIL-101-NH,, there
is amino (-NH,) group at the ortho- site of the terephthalic acid
linker [29]. The amino group enables further modification of the
Fe-MIL-101-NH, to improve its functions without disrupting the
carboxylate ligand that coordinates with the Fe ion. Herein, we
report the synthetic methods and performances of the functional

Fe-MIL-101-NH, supported catalysts for the selective oxidations of
alcohols towards corresponding aldehydes and ketones.

2. Experimental
2.1. General

Dichloromethane (DCM) and acetonitrile were purchased from
J.T Baker. Iron(III) Chloride hexahydrate, 2-aminoterephthalic acid,
neocuproine, palladium acetate (PdAcy), cerium(Ill) acetylace-
tonate (Ce(acac)s), dimethylformamide (DMF), hexane, sodium
borohydride, glycerol and other chemicals were purchased from
Sigma-Aldrich. Water used in this work refers to de-ionic water.
MOF Fe-MIL-101-NH, was prepared according to literature with
slight modification [29]. The intermediates neocuproine dialde-
hydes [30,31], 2,9-dicarboxylic acid-1,10-phenanthroline [32] and
1,10-phenanthroline-2,9-dicarbonyl dichloride [33-35] were syn-
thesized according to the previously reported methods.

2.2. Analysis methods

Nuclear magnetic resonance (NMR) spectra, 'H and 13C NMR,
were recorded on a Bruker Fourier-Transform multinuclear NMR
spectrometer at 400 and 100.6 MHz, relative to internal Me4Si
(TMS) standards. Fourier transform infrared spectroscopy (FT-IR)
spectra were measured using a BIO-RAD spectrophotometer with
the KBr self-support pellet technique and presented in the sequence
of signal strength as strong (s), medium (m) and weak (w), and
peak pattern as single (s), multiple (m) and broad (br). Raman
spectroscopy was analyzed by a LabRam Raman spectrophotome-
ter. Transmission electron microscopy (TEM) measurements were
carried out on a JEOL Tecnai-G2, FEI analyzer at 200 Kv. The Scan-
ning Electron Microscopy (SEM) images were obtained using Zeiss
Supra 40 FE SEM from Carl Zeiss AG (EHT=5.0kV). Using the
same SEM setup, elemental analysis data are obtained by Point
& ID method using X-Max Silicon Drift Detector (SDD) 50mm2
from Oxford Instruments. Inductively coupled plasma (ICP) analy-
sis was determined using a VISTA-MPX, CCD Simultaneous ICP-OES
analyzer. X-Ray photoelectron spectrometer (XPS) was performed
with an ESCALAB 250 analyzer.
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2.3. Synthesis of neocuproine-based functional ligands

Neocuproine  dialdehydes, 2,9-dicarboxylic  acid-1,10-
phenanthroline and 1,10-phenanthroline-2,9-dicarbonyl
dichloride were synthesized according to literature [30-35].
All the products were characterized by 'H, 13C NMR spectra and
confirmed by comparing with previous reports.

Neocuproine dialdehydes, Ci4HgN,0,, yield 60%. 'H NMR
(DMSO-dg, ppm), 8=10.37 (s, 2H, 2CHO), 8.78 (d, 2H, C;2H;Ny),
8.28 (d, 2H, C13H,N,), 8.27 (d, 2H, C12H;N,). 13C NMR (DMSO-
ds, ppm), 8=193.68 (CHO), 152.12, 145.19, 138.38, 131.39, 129.19,
120.07 (C12HgNy). Literature results [32]: 1HNMR (DMSO-dg, ppm),
8=10.34 (s, 2H), 8.77 (d, 2H), 8.28 (d, 2H), 8.27 (d, 2H). 13C NMR
(DMSO-dg, ppm), d=194.1, 152.6, 145.7, 138.9, 131.9, 129.7, 120.6.

2,9-Dicarboxylic acid-1,10-phenanthroline, C;4HgN;0y4, yield
71%. 'H NMR (DMSO-dg, ppm), 8=8.74 (d, 2H, C12H,N,), 8.42
(d, 2H, Ci3H3N3), 8.20 (d, 2H, CioHyNy). 13C NMR (DMSO-ds,
ppm), 8§=166.19, (CO,H), 148.22, 144.66, 138.14, 130.44, 128.36,
123.41(CyHgN,). Literature results [32]: THNMR (DMSO-dg, ppm),
8=8.74(d,2H),8.42(d, 2H), 8.22 (d, 2H). 1*C NMR (DMSO-dg, ppm),
8=166.7, 148.6, 145.1, 138.7, 130.9, 128.8, 124.3.

1,10-Phenanthroline-2,9-dicarbonyl dichloride, C14HgCl;N5 05,
was prepared by the reaction of 2,9-dicarboxylic acid-1,10-
phenanthroline and SOCI, followed by remove of excess SOCl,
in vacuum [33-35]. The resulting was dissolved with anhydrous
dichloromethane for next steps without further purification and
characterization.

2.4. Synthesis of MOF Fe-MIL-101

Fe-MIL-101-NH2 was synthesized according to the previously
published protocols with slight modification of further washing
with DCM and hexane [29]. In brief, 450.0 mg (2.5 mmol) of 2-
aminoterephthalic acid (NH,—H,BDC) in 15.0 mL of DMF with a
solution of 1350.0 mg (5.0 mmol) of FeCl3-6H20 in 15.0 mL of DMF
is mixed and stirred thoroughly. The mixture is then treated in a
stainless steel autoclave for20 hat 110 °C. The resultant dark brown
solid is then recovered by centrifuge, filtered and washed with DMF
and subsequently DCM to remove un-reacted ligands. Hexane is
also used to wash to assist with the drying process, after which the
sample is dried at ambient conditions. After drying, dark brown
solid as a product is obtained. The procedure is then repeated with
modification to the reaction time in the autoclave, namely at 40, 60
and 80 h.

2.5. Synthesis of neocuproine functionalized Fe-MIL-101

A 100.0 mg of Fe-MIL-101-NH; was mixed in about 10.0 mL of
anhydrous dichloromethane. A solution of 1,10-phenanthroline-
2,9-dicarbonyl dichloride by mixing 300.0 mg in situ prepared
1,10-phenanthroline-2,9-dicarbonyl dichloride in 15.0 mL of DCM
as described in part 2.3. The dichloride solution was next added
drop-wise into the Fe-MIL-101-NH;/DCM mixture at room temper-
ature followed by addition of 0.5 mL of Et3N. The mixture was then
heated to reflux with continuous stirring for 18 h. The neocuproine
functionalized Fe-MIL-101-NH, was collected by centrifugation
and washed with DCM (3 x 10.0mL) dried in a vacuum to give
100.0 mg red-brown solid product. The product was subjected to
characterize by XRD and FT-IR.

2.6. Synthesis of metal nanoparticles supported functionalized
Fe-MIL-101-NH,

After synthesizing the neocuproine functionalized Fe-MIL-
101-NH,, we used the compound to support palladium and
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Fig. 4. FT-IR (a), Raman (b) and XRD spectra of the support of functionalized Fe-
MIL-101-NH, and catalyst Pd-Ce NPs/functionalized Fe-MIL-101-NHs.

palladium-cerium nanoparticles. The supporting of metal nanopar-
ticles on Fe-MIL-101-NH, was carried out by using transition
metal complex precursors PdAc, (11.4 mg) and Ce(acac)s (17.5 mg)
dissolved in tetrahydrofuran (THF) (30.0 mL). A 200.0 mg of Fe-MIL-
101-NH, was added to above solution, and the resulting mixture
was stirred for one hour. The mixture was then cooled to 0°C by
immersing the flask in ice. After which, 3.0mL of NaBH,4 solu-
tions were added drop-wise into the mixture. The final product
was obtained by centrifuge, washed with methanol (3 x 10.0 mL)
and diethyl ether (2 x 10.0mL) in sequence followed by dried
in vacuum to obtain 195.0 mg gray powder product. The prod-
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Fig. 6. SEM images of pristine (left) and functionalized (right) Fe-MIL-101-NH, at 5000x magnification.

ucts were subjected to analysis by TEM, SEM, XRD and FT-IR.
The same procedure is used to prepare catalysts Pd/functional Fe-
MIL-101-NH;, Au/functional Fe-MIL-101-NH, and Ce/functional
Fe-MIL-101-NH,.

2.7. General procedure for glycerol oxidation to DHA

A 70.0 mL solution of acetonitrile/water (6:1, v/v) was used to
dissolve glycerol (1610.0mg, 17.5mmol). A 7.0mL of this glyc-
erol solution was next mixed with 25.0 mg of each catalyst in a
batch reactor. A magnetic stirring bar was also placed inside each
one of the batch reactor. The containers were then placed in a
pressure chamber, and the setup was flushed with oxygen. A reac-
tion condition of 60°C and pressure at 20 psi was maintained
for 6 h. After reaction, the reactor was cooled to room tempera-
ture and the vessels were taken out for filtration. The mixtures
were filtered through syringe filters to remove the solid catalysts.
The filtrates were collected in separate round bottom flasks. The
solvent was removed under reduced pressure by using a rotary
evaporator, and the resulting product mixtures were analyzed
using gas chromatography (Agilent Gas Chromatograph (GC-FID)
6850, column: Agilent 19091Z-433, flow rate: 1.6mL/min) and
the high-performance liquid chromatography (Agilent, column:
Aminex HPX-87H Column, wash solution: 0.02 N H,SOy4, flow rate
1.0 mL/min, column temperature 60°C, UV detector 210 nm). The
yield was calculated according to the amount of glycerol added. In
addition, the products were analyzed and identified by 'H and 13C
NMR.

Dihydroxyacetone, HOCH,C(=0)CH,OH, vyield 55% (with
dimer). 'H NMR (D,0, ppm), 8 =4.29 (s, 4H, 2CH,). 13C NMR (D, 0,
ppm), 8=211.93 (CO), 64.77 (-CH,-). o

Pentane-1,5-dial, HC(=0)(CH; )3 CHO, yield 69% (with dimer). 'H
NMR (DMSO-dg, ppm), 8 =9.627 (s, 2H, 2CHO), 2.460 (t, 4H, 2C(=0)-
CH;), 1.76-1.58 (m, 2H, CH,). 13C NMR (D0, ppm), 8 = 203.45 (CO),
42.04 (CO-CH>-), 14.08 (-CH;-).

Benzaldehyde, PhCHO, yield 56%. 'H NMR (CDCl3, ppm),
8=10.01 (s, H, CHO), 8.13-7.27 (m, 5H, CgHs). 13C NMR (CDCls,
ppm), 8=192.41 (CHO), 136.38, 134.46, 129.73, 129.52 (CgHs).

3. Results and discussion

MOF Fe-MIL-101-NH, was prepared according to literature with
slight modification [29]. The operation was carried out at a different
time to investigate the effect of reaction time on the morphology
and structure of the MOF. The SEM (Fig. 1) and TEM images (Fig. 2)
shown below illustrate a change in the morphology of Fe-MIL-101-
NH,, as the reaction time is increased. It suggests that as reaction
time is increased, the incidence of octagonal structure increases as
compared to the tetragonal structure encountered using the stan-
dard reaction time (20 h). However, there is no obvious increase in
the single-crystal size as reaction time is prolonged.

Fig. 3 shows the XRD spectra of MOF Fe-MIL-101-NH, prepared
at the different time points. It can be seen that the peak’s shape and
position of the XRD is similar across all reaction times. The results
suggest that the crystalline Fe-MIL-101-NH, structure is still there
after extending reaction time to 40 h, 60 h and 80 h, respectively. As
there is no obvious change in the crystal structure and only mor-

Please cite this article in press as: X. Li, et al., Pd-Ce nanoparticles supported on functional Fe-MIL-101-NH,: An efficient catalyst for
selective glycerol oxidation, Catal. Today (2016), http://dx.doi.org/10.1016/j.cattod.2016.03.044



dx.doi.org/10.1016/j.cattod.2016.03.044

G Model
CATTOD-10139; No.of Pages7

6 X. Li et al. / Catalysis Today xxx (2016) xXx—-Xxx

Fig. 7. TEM images and particle size histogram of the catalyst composit Pd-Ce NPs/functionalized Fe-MIL-101-NHs.

phology seems to be changed in the modification of the reaction
time in synthesizing Fe-MIL-101-NH,, the commonly used base-
line of 20h have been used for the synthesis of materials of the
subsequent steps of this work.

It has been demonstrated that neocuproine coordinated palla-
dium complex, ((n%-neocuproine)PdOAc),(OTf),, to be the most
active homogeneous catalyst in glycerol selective oxidation
towards DHA [36]. The neocuproine ligand plays a crucial role in the
catalytic procedure to control the stereo effects [36]. Therefore, in
the work, neocuproine ligand has been attached onto Fe-MIL-101-
NH; by forming an amide bond (CO—NH) and that further been
used as support to hold the transition metal nanoparticles-based
catalysts. Similar with other MOF supported metal nanoparticle-
based catalysts such as Pt NPs/MIL-101 [37] and Pd NPs/MOF [38],
transition metal nanoparticles used in this work could be immo-
bilized inside the pores of the functional Fe-MIL-101-NH,. During
the functionalization of Fe-MIL-101-NH>, as shown in Scheme 1,
neocuproine (1) was first oxidized to dialdehyde (2) using sele-
nium dioxide [30,31]. Intermediate (2) was subsequently oxidized
with nitric acid to form 1,10-phenanthroline-2,9-dicarboxylic acid
(3) [32]. Products 2 and 3 were characterized by 'H, 13C NMR
spectra. The results are consistent with literature reports [32]. The
latter compound was in situ converted into 1,10-phenanthroline-
2,9-diacyl chloride (4) by reacting with thionyl chloride [32-35].
The obtained intermediate (4) was immediately reacted with Fe-
MIL-101-NH, without being isolated to provide the neocuproine
functionalized MOFs (5). Transition metal nanoparticles (NPs)-
based catalysts such as palladium NPs and palladium-cerium NPs
were immobilized on the supports by co-precipitation methods by
reducing corresponding precursors PdAc, and Ce(acac)s, respec-
tively with sodium borohydride. The products were characterized
by XRD, TEM, SEM, NMR, XPS and FT-IR.

The FT-IR, Raman and XRD spectroscopy were used to character-
ize support precursor Fe-MIL-101-NH,, neocuproine ligand, func-
tionalized Fe-MIL-101-NH,, and catalyst Pd-Ce NPs/functionalized
Fe-MIL-101-NH, as shown in Fig. 4. In FT-IR spectra, normal
absorptions for functional groups were observed. The pristine Fe-
MIL-101-NH,, the broad absorptions at 3468 and 3367 cm~! can
be attributed to the N—H stretching vibrations. After function-
alization with neocuproine ligand, the N—H stretching bands in
the amide bonds down-shifted to 3210 and 3213 cm~! (weak and
broad) for functional Fe-MIL-101-NH, and Pd-Ce NPs/functional
Fe-MIL-101-NH,, respectively. Neocuproine ligand shows a strong
absorption at 1736 cm~! which can be attributed to the aromatic
C=C stretching vibrations. After attaching to MOF, the peak shifted

to 1717 and 1720cm! for functional Fe-MIL-101-NH; and Pd-Ce
NPs/functional Fe-MIL-101-NH,, respectively.

In Raman spectra as shown in Fig. 4 (b), a new peak at 660 cm™!
appeared for Pd-Ce NPs/functional Fe-MIL-101-NH, in comparison
with absorptions of the pristine and functional Fe-MIL-101-NH,.
Since the Raman spectroscopy is not able to detect pure metal-
lic phase [39]. However, Raman spectroscopy is able to detect the
incorporation of small atoms such as O and C, into the lattice of
these metallic phases. Furthermore, NaBH4 is commonly used to
reduce palladium complexes to generate Pd° particles. The result-
ing Pd° is not detectable in Raman. Therefore, the new peak is most
probably contributed from vibration of the Ce—0 bond in Ce,0s3,
which is produced from the reaction of Ce(acac)s in our system.

The oxidation states of the supported metal nanoparticles
were identified by XPS analysis. As shown in Fig. 5(a), the Pd
3d showed peaks at 334.7 and 339.9eV (A =5.2eV), which were
consistent with Pd° [40]. Two peaks were detected for the Ce
3d (Fig. 5(b)), which appeared at the binding energy (902.5 and
884.5 eV) expected for Ce3* species [41]. In XRD spectra, the func-
tionalized Fe-MIL-101-NH, and catalyst Pd-Ce NPs/functionalized
Fe-MIL-101-NH; show similar absorption patterns.

The functional products were also analyzed by SEM spec-
troscopy. As shown in Fig. 6, no significant differences were
observed in SEM images for Fe-MIL-101-NH; and after modifica-
tion with neocuproine ligand. All the above results confirm that
the palladium and cerium-based nanocatalyst were supported on
the functional MOF Fe-MIL-101-NH,.

Fig. 7 shows the TEM images of the supported catalyst Pd-Ce
NPs/functionalized Fe-MIL-101-NHjy. It can be seen that the Pd-Ce
NPs are small, with an average particle size of ~5 nm (determined
from the measurement of ~130 particles), and well dispersed on
the support. The catalysts were also analyzed by ICP and SEM-EDX
to identify metal loading amount and shown that the total metal is
around 5 wt% according to ICP analysis. The catalyst was examined
for alcohol oxidation reactions. A yield of 55% of DHA was obtained
by the catalyst, and that is slightly higher than literature results
[21-23]. For comparison, catalysts Pd NPs/functional Fe-MIL-101-
NH,, Ce NPs/functional Fe-MIL-101-NH, and Au NPs/functional
Fe-MIL-101-NH, were prepared in the same method and exam-
ined for glycerol oxidation towards DHA. The DHA yields of 17%,
4% and 10% were obtained, respectively. Although the catalyst
shows lower activity in comparison with corresponding homoge-
neous catalyst ((n2-neocuproine )PdOAc),(OTf),, which gives a high
yield of 69% with the oxygen (1 atm) oxidant [36], it can be recov-
ered conveniently either by filter or centrifugation. The catalyst
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has been recovered and reused at least three times with sustained
activity. To investigate the leaching of Pd-Ce nanoparticles, the
samples of the filtrate plus washings obtained from above standard
reactions were subjected to ICP analysis that showed the concen-
trations of Pd and Ce was less than 2.7 and 3.5 ppm, respectively
in each measurement. In addition, the standard reaction was con-
ducted with recovered filtrate, but no product could be isolated.
The results suggested that the supported Pd-Ce catalysts, rather
than the leached metal species, provide the catalytic performance.
However, same as other homogeneous catalyses, remove of com-
plex ((n2-neocuproine)PdOAc),(OTf), from the product mixture to
meet the industrial standards remains a big challenge, and that
could prevent its wide application of the technology, particularly
in personal care products.

To investigate the substrate scope, oxidation of the ethanol,
1,5-pentanediol and benzyl alcohols were carried out under the
same conditions in the presence of catalyst Pd-Ce NPs/functional
Fe-MIL-101-NH,;. Product acetaldehyde, pentane-1,5-dial and ben-
zaldehyde were obtained in the yields of 64% (GC-based), 49%, and
56%, respectively.

Based on the obtained results, the functional Fe-MIL-101-
NH;, supported catalysts showed an activity sequence of Pd-
Ce>Pd>Au>Ce under same conditions for the glycerol selective
oxidation towards DHA. Although the real mechanism is not clear
yet at this stage, the Ce3* species could be crucial to improve the
Pd based catalyst in this system either to activate Pd active center
or the substrate. The mechanism investigation is undergoing.

4. Conclusions

In this work, metal organic framework Fe-MIL-101-NH, was
synthesized in varying reaction time. It was found that the mor-
phology of Fe-MIL-101-NH,, slightly changed following a longer
reaction time; the crystal structure remained. The MOF was func-
tionalized with neocuproine ligand and further used as supports to
prepare catalysts of M NPs/Fe-MIL-101—N=CHyeocuproine (M=Pd,
Pd-Ce, Ce and Au). Catalyst Pd-Ce/Fe-MIL-101—N=CHyeocuproine
showed good activity for selective oxidation of glycerol and other
alcohols to produce corresponding aldehydes. Considering the good
activity and recyclability of the catalyst, we expect our prototype
catalyst to find broader applications in both academia and fine
chemical industry, particularly in the area of biomass conversion
towards high value-added products such as DHA.
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