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Abstract
Metal nanoparticles (MNPs) have garnered significant attention due to their exceptional performance in heterogeneous reac-
tions. Meanwhile, extensive applications have been found for metal-organic frameworks (MOFs), known for their ordered 
structure and high surface area. In this study, MNPs particles were amalgamated with MOFs to create a core-shell structure 
and were introduced amino groups into this configuration through post-synthetic modification (PSM), resulting in the suc-
cessful synthesis of six distinct nanomaterials. Comprehensive characterization techniques, including infrared spectroscopy 
(IR), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS), confirmed the synthesis and modification of 
the MNPs/MOFs materials. These synthesized materials were employed as catalysts for the condensation reaction of jasmi-
naldehyde. It is noteworthy that these catalysts exhibited outstanding performance, showcasing advantages over traditional 
heterogeneous catalysts. This superior performance is attributed in part to the advanced core-shell structure of these materials 
and the effective introduction of amino functional groups through the PSM technique.
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1  Introduction

In recent decades, Metal Nanoparticles (MNPs) have drawn 
increasing attention as an essential class of nanocatalysts 
because of their superior activities in heterogeneous cata-
lytic reactions in which the size of the MNPs is a signifi-
cant factor in determining their performance [1]. Among 
them, maghemite(γ-Fe2O3) is widely used in different fields 
due to its ferromagnetic properties and chemical stability, 
such as catalysis [2], biomedicine [3], and drug delivery 
[4]. Metal-Organic Frameworks (MOFs) constitute a rap-
idly growing class of materials comprising metal ions or 
clusters as nodes and organic ligands as linkers [5]. Some 

applications of MOFs have been found in various fields, such 
as gas storage [6], liquid-phase separations and extractions 
[7], catalysis [8], and biomedicine [9]. MOFs have a large 
surface area, ordered configuration, multifunctional pore 
size, significant chemical stability, and high biological affin-
ity for biomolecules. MIL-101-NH2 is favored by research-
ers due to its hollow cage-like structure, excellent skeletal 
stability, and easier functionalization [10]. Therefore, MOFs 
can effectively accommodate many MNPs, confining their 
size, preventing migration, and forming stable core-shell 
structures [11]. The core-shell structure imbues them with 
enhanced catalytic activity and selectivity. The external shell 
offers active sites that facilitate the adsorption and reaction 
of catalytic substrates through surface interactions.

Additionally, the core nanoparticles, functioning as active 
catalyst centers, participate in synergistic interactions with 
the shell, further enhancing catalytic performance [12]. The 
core-shell configuration could also facilitate more efficient 
substrate diffusion and product release, minimizing catalyst 
poisoning and deactivation. This architecture enables cata-
lytic substrates to experience enhanced diffusion between 
the core and shell, thereby optimizing reaction efficiency 
[13]. Research has shown that incorporating amino func-
tional groups into MOFs could substantially augment the 
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catalytic efficiency of alkaline catalysts [14]. The introduc-
tion of amino groups within the MOF structure could be 
achieved through Post-Synthetic Modification (PSM).

The catalytic condensation of benzaldehyde and 1-hepta-
nal is a significant aldol-type reaction in producing a-pentyl 
cinnamaldehyde. The commercial name of this fine com-
pound is jasminaldehyde, and most widely applied in the 
perfume industry. This aldol condensation is usually car-
ried out in the presence of a homogeneous catalyst such as 
sodium or potassium hydroxide [15]. The main drawback of 
the homogeneous process for synthesizing jasminealdehyde 
is that the homogeneous catalyst cannot be reused and recy-
cled [16]. In order to study the effect of the jasminealdehyde 
condensation reaction, a core-shell γ-Fe2O3/Al-MOF com-
posite with a hierarchical porous structure was prepared by 
developing an Al-MOF around γ-Fe2O3 nanoparticles using 
one-pot synthesis, and six composite materials were pre-
pared using PSM, as shown in Fig. 1. The catalytic activity 
in the supernatant was determined by gas chromatography-
mass spectrometry.

2 � Experimental Section

2.1 � Materials and Physical Measurements

Sample γ-Fe2O3@SiO2–NH2-CMC (γ-Fe2O3-CMC) and 
γ-Fe2O3@SiO2–NH2-AA (γ-Fe2O3-AA) were synthesized 
according to the method reported previously [17]. Tereph-
thalic acid (H2BDC), 2-(N-morpholino) ethanesulfonic acid 
(MES), 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC), N-Hydroxysuccinimide (NHS), 
aspartic (Asp), glutamate (Glu) and glutaric anhydride 
(GA) were purchased from Shanghai Source Biological 
Technology Co., LTD (Shanghai, China). Adenine(A), fer-
ric oxide(γ-Fe2O3), and aluminum chloride were purchased 
from Shanghai Macklin Biological Technology Co., LTD 
(Shanghai, China). 2-aminoterephthalic acid was purchased 

from RHAWN Reagent Co., LTD (Shanghai, China). All 
commercially available chemicals and solvents were of rea-
gent grade and used without further purification. IR spectra 
were recorded in the range of 4000–400 cm−1 on a Perkin-
Elmer spectrometer with KBr pellets. Changes in morphol-
ogy and size could be characterized by Scanning Electronic 
Microscopy (SEM et al., China). X-ray powder diffraction 
(XRD) intensities were measured on a Rigaku D/max-IIIA 
diffractometer (Cu-Kα, λ = 1.54056 Å).

XPS spectra were recorded using a Kratos Axis Ultra 
DLD spectrometer employing a monochromated Al-Kα 
X-ray source (hv = 1486.6 eV). The vacuum in the main 
chamber was kept above 3 × 10−6 Pa during XPS data acqui-
sitions. General survey scans (binding energy range: 0–1200 
eV; pass energy: 160 eV) and high-resolution spectra (pass 
energy: 40 eV) in the regions of N1s and C1s were recorded. 
Binding energies were referenced to the C1s binding energy 
at 284.60 eV.

The catalytic data were obtained by GC-MS (Gas chro-
matography-mass spectrometry). The GC-MS system was 
from GCMS-TQ8040 (Shimadzu, Japan) GC-MS/MS triple 
quadrupole instrument equipped. Using fused-silica capil-
lary columns: Rxi-5Sil MS (25 m × 0.25 mm i.d.,0.25 μm 
film thickness). The operational parameters for the GC–MS 
analysis were: carrier gas, helium; column temperature pro-
gram 60 °C for 2 min, rising at 10 °C/min to 250 °C, then 
held for 2 min.

2.2 � Preparation and Modifcation of MNPs/MOFs 
Particles

2.2.1 � Preparation of MNPs/MOFs Particles

According to Li et  al., using polysaccharide-modified 
MNPs materials as catalysts in the Knoevenagel reaction 
yields the highest conversion rate [18]. Therefore, two 
polysaccharides, sodium carboxymethyl cellulose (CMC) 
and sodium alginate (AA) were chosen to modify MNPs. 

Fig. 1   Synthetic route
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The γ-Fe2O3 MNPs were modified first with CMC and AA, 
which could be activated for binding via carboxyl functional 
groups [17]. Then, the carboxyl-modified γ-Fe2O3 MNPs 
were covered by Al-MOFs by a one-pot synthesis method 
with a core–shell structure. In detail, γ-Fe2O3 (10 mg) was 
acidified with HCl under 100 W of ultrasound for 20 min. 
Concentrated NH3·–H2O (250 mL) was added to the samples 
of γ-Fe2O3. TEOS (32 mL) was added to the samples, and 
the samples were then oscillated at 140 rpm for 6 h, and the 
residue was washed with ethanol twice to yield γ-Fe2O3@
SiO2 nanoparticles. APTMS (50 mL) was added dropwise 
to the sample of γ-Fe2O3@SiO2 obtained previously, and 
the mixture was reacted for 24 h. After rinsing with ethanol 
twice, the γ-Fe2O3@SiO2–NH2 nanoparticles were dried 
under vacuum overnight. A CMC and AA solution was 
converted into N-hydroxysuccinimide esters by sequen-
tial reaction with EDC and NHS. The solution was finally 
introduced to freshly prepared γ-Fe2O3@SiO2–NH2 nano-
particles. After washing with ethanol, samples of γ-Fe2O3@
SiO2–NH2–CMC and γ-Fe2O3@SiO2–NH2-AA could be 
obtained after drying under vacuum.

0.1 g of γ-Fe2O3@SiO2–NH2-CMC nanoparticles were 
added to a mixed solution of DMF (50 mL), 2-aminotere-
phthalic acid (0.992 g), and AlCl3 (0.5 g). The resulting 
mixture was transferred to a three-necked flask and placed in 
an oil bath at 130 °C for 24 h with stirring to yield γ-Fe2O3@
SiO2–NH2-CMC/MIL-101(Al)–NH2 (γ-Fe2O3-CMC/Al-
MOF) nanoparticles, and γ-Fe2O3@SiO2–NH2-AA/MIL-
101(Al)–NH2 (γ-Fe2O3-AA/Al-MOF) nanoparticles were 
fabricated in the same steps as above. Finally, the obtained 
two kinds of nanoparticles were washed several times with 
DMF and ethanol and then dried under vacuum at 100 °C 
overnight for further assay use.

2.2.2 � Modifcation of MNPs/MOFs Particles

Three molecules containing two carboxyl functional groups, 
namely, aspartic (Asp), glutamate (Glu), and glutaric anhy-
dride (GA), were selected to facilitate the bonding of ade-
nine. The modification of MOFs with amino acids enhances 
alkaline sites and hydrothermal stability [19]. Adenine, serv-
ing as the source of Lewis basic sites, also augments the 
corresponding catalytic activity [20].

0.835 g of 2-(N-morpholino)ethanesulfonic acid (MES) 
and 1.169 g of NaCl were weighed and placed into 40 mL 
of ultrapure water. The pH of the MES buffer solution was 
adjusted to 6 using 0.1 mol/L NaOH. Glutamate powder at 
a concentration of 2 mg/mL was added and stirred to dis-
solve, resulting in a glutamate solution. Into the MES buffer 
solution, 1–2 equivalents of 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDC, 38.4 mg/mL) 
and N-hydroxysuccinimide (NHS, 38.4 mg/mL) were 
placed. The amino acids were activated using ultrasonic 

for 1 h. The prepared amino acid solution was combined 
with γ-Fe2O3-CMC/Al-MOF powder (0.5 g/40 mL) and 
transferred to a 50 mL centrifuge tube. The tube was sealed 
with a sealing film and placed on a shaker at room tem-
perature with a rotation speed of 140 rpm for 78 h. Bub-
bles generated during the reaction were removed, the mix-
ture was centrifuged, and the supernatant was discarded. 
After two washes with anhydrous ethanol, the sample was 
dried in a vacuum drying oven at 80 °C for 24 h, yield-
ing powdered samples of γ-Fe2O3@SiO2–NH2-CMC/MIL-
101(Al)–NH2-Glu (γ-Fe2O3-CMC/Al-MOF-Glu), γ-Fe2O3@
SiO2–NH2-CMC/MIL-101(Al)–NH2-Asp (γ-Fe2O3-
CMC/Al-MOF-Asp), γ-Fe2O3@SiO2–NH2-CMC/MIL-
101(Al)–NH2-GA (γ-Fe2O3-CMC/Al-MOF-GA), γ-Fe2O3@
SiO2–NH2-AA/MIL-101(Al)–NH2-Glu (γ-Fe2O3-AA/Al-
MOF-Glu), γ-Fe2O3@SiO2–NH2-AA/MIL-101(Al)–NH2-
Asp (γ-Fe2O3-AA/Al-MOF-Asp) and γ-Fe2O3@SiO2–NH2-
AA/MIL-101(Al)–NH2-GA (γ-Fe2O3-AA/Al-MOF-GA) for 
subsequent testing.

The prepared nanoparticle powder (0.5 g/40 mL) was 
placed into 40 mL MES buffer. EDC (38.4 mg/mL) and NHS 
(38.4 mg/mL) were added to the MES buffer and subjected 
to 1 h of ultrasonic vibration to activate the amino acids. 
Adenine (0.5 mg/mL) was added to the resulting solution, 
which was then transferred to a 50 mL centrifuge tube. The 
tube was sealed with a sealing film and placed on a shaker 
at a speed of 140 rpm. The reaction was at room temper-
ature for 24 h to remove bubbles. After centrifugation to 
discard the supernatant, the sample was washed twice with 
anhydrous ethanol and dried in an 80 °C vacuum drying 
oven for 24 h, resulting in powdered samples of γ-Fe2O3@
SiO2–NH2-CMC/MIL-101(Al)–NH2-Glu-A (γ-Fe2O3-
CMC/Al-MOF-Glu-A), γ-Fe2O3@SiO2–NH2-CMC/MIL-
101(Al)–NH2-Asp-A(γ-Fe2O3-CMC/Al-MOF-Asp-A), 
γ-Fe2O3@SiO2–NH2-CMC/MIL-101(Al)–NH2-GA-A(γ-
Fe2O3-CMC/Al-MOF-GA-A), γ-Fe2O3@SiO2–NH2-AA/
MIL-101(Al)–NH2-Glu-A (γ-Fe2O3-AA/Al-MOF-Glu-
A), γ-Fe2O3@SiO2–NH2-AA/MIL-101(Al)–NH2-Asp-
A (γ-Fe2O3-AA/Al-MOF-Asp-A) and γ-Fe2O3@
SiO2–NH2-AA/MIL-101(Al)–NH2-GA-A (γ-Fe2O3-AA/
Al-MOF-GA-A).

2.3 � Jasminaldehyde Condensation Reaction

The Jasminaldehyde condensation reactions between 
benzaldehyde and 1-heptanal were conducted using 
the above 6 particles as catalysts. The catalyst particles 
were subjected to overnight vacuum drying at 110 °C to 
remove coordinated water to obtain the activated catalyst 
[21]. Ethanol was used as a solvent to enhance the yield 
of jasminealdehyde [22]. A three-necked flask equipped 
with a reflux condenser, magnetic stirrer, and drip fun-
nel was employed. Into this flask, 5.19 mL (0.05 mol) of 
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Fig. 2   FTIR spectra: as-
prepared γ-Fe2O3-AA (black); 
γ-Fe2O3-AA/Al-MOF (yellow); 
γ-Fe2O3-AA/Al-MOF-Asp 
(blue); γ-Fe2O3-AA/Al-MOF-
Asp-A (green) (Color figure 
online)

Fig. 3   SEM data: a γ-Fe2O3@SiO2–NH2-AA; b γ-Fe2O3@SiO2–NH2-AA/Al-MOF; c γ-Fe2O3@SiO2–NH2-AA/Al-MOF-Asp-A; d γ-Fe2O3@
SiO2–NH2-CMC/Al-MOF-Asp-A samples
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benzaldehyde and 15 mL of an ethanol solution contain-
ing 0.05 g of catalyst were added. Subsequently, 10 mL 
of an ethanol solution containing 1.69 mL (0.0125 mol) 
of 1-heptanal was slowly dripped into the flask using a 
constant pressure drip funnel. The reaction was carried 
out in an oil bath at 80 °C for 4 h. After centrifugation 
and dilution by a factor of 100, the products were analyzed 
using GC-MS.

3 � Results and Discussion

3.1 � FTIR Spectra Analysis

A series of products were obtained by PSM of MPNs/
MOFs. Subsequent catalytic experiments revealed that the 
γ-Fe2O3-AA/Al-MOF-Asp-A exhibited the best catalytic 
performance. Therefore, this sample was selected for in-
depth characterization and analysis. IR was employed for 
the characterization of the particles obtained. As shown 
in Fig. 2, the Fe–O bond in γ-Fe2O3 was observed at 558 
cm−1 [23]. The bands associated with Al-O are observed 
at 606 cm−1, suggesting the coordination between Al and 
O atoms [24]. Bands at 1,259 and 1,350 cm−1 were indica-
tive of the stretching vibrations of the C–N bond in the 
benzene ring, while the band at 1,650 cm−1 represented 

the C=O bond. The symmetric stretching vibration peak 
of the NH2 group on the benzene ring was observed at 
3,372 cm−1, indicating the successful modification of 
MIL-101(Al)–NH2 on the surface of the nanomaterial 
[25]. The peak at 1,048 cm−1 corresponded to the stretch-
ing vibration of the C–N group, which was similar to the 
signal of the adenine in reference, providing evidence that 
adenine was present in the material [26].

3.2 � SEM Data Analysis

SEM images for the γ-Fe2O3-AA, γ-Fe2O3-AA/Al-MOF, 
γ-Fe2O3-AA/Al-MOF-Asp-A and γ-Fe2O3-CMC/Al-
MOF-Asp-A samples were shown in Fig. 3a–d. As shown 
in Fig. 3a, γ-Fe2O3-AA was observed to be dispersed in a 
regular spherical shape. Small particle sizes in the MNPs/
MOFs samples was evident, with almost all particle sizes 
being less than 1 μm. In Fig. 3c, a groove pattern on the par-
ticle surface was observed compared to Fig. 3b, indicating 
successful PSM modification. In Fig. 3d, a porous structure 
was observed, which provides an abundance of active sites 
for interacting with reactants, thereby enhancing the rate of 
catalytic reactions.

3.3 � XRD Analysis

Figure 4 depicts the XRD pattern of MNPs/MOFs materials. 
The XRD pattern of γ-Fe2O3-AA was similar to the standard 
diffraction spectra as reported in Ref. [27]. The main peaks 
of MIL-101(Al) could be identified within the 2θ range of 
5.87, 9.11, 16.63, and 18.20, consistent with the findings 
reported in Ref. [28]. This confirmed the successful synthe-
sis of MIL-101(Al) and indicated that the MOF framework 
had remained intact during the modification process.

3.4 � XPS Analysis

As shown in Fig. 5a, the low-resolution XPS survey spectra 
of γ-Fe2O3-AA, γ-Fe2O3-AA/Al-MOF, and γ-Fe2O3-AA/
Al-MOF-Asp-A samples, all of which were semi-quantita-
tive. The XPS spectrum of C1s for γ-Fe2O3-AA/Al-MOF 
(Fig. 5c) showed two peaks at 284.8 and 288.8 eV, cor-
responding to carboxyl and phenyl signals [29]. The pres-
ence of the Al2p peak confirmed the successful synthesis of 
MIL-101(Al). In accordance with Table 1 and in conjunction 
with the C1s spectra (Fig. 5b and d), the C = O ratios were 
found to increase to 18.46%, 26.05%, and 33.03% with the 
progression of the modification steps. As shown in Fig. 5g, 
the peaks at 399.8 eV are attributed to the single bond NH2. 

Fig. 4   XRD data: γ-Fe2O3-AA/Al-MOF (black); γ-Fe2O3-AA/
Al-MOF-Asp (yellow); γ-Fe2O3-AA/Al-MOF-Asp-A (blue); 
γ-Fe2O3-AA (green); the standard diffraction spectrum of γ-Fe2O3 
(red) (Color figure online)
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The appearance of a peak at a binding energy of 401.08 
eV, corresponding to the CO-NH bond, suggests the forma-
tion of amide bonds [30]. Furthermore, the combination of 
Table 1 with the N1s spectra (Fig. 5e and g) indicated that 
the CO-NH content increased upon introducing aspartic acid 
and adenine, signifying successful modification.

3.5 � Jasminealdehyde Condensation Results

As depicted in Fig. 6, the retention time of diluted jasmine-
aldehyde was 13.48 min. A comparative control experiment 
involving six particle types showed that the highest catalytic 

Fig. 5   a XPS wide scan spectra of γ-Fe2O3-AA, γ-Fe2O3-AA/Al-
MOF and γ-Fe2O3-AA/Al-MOF-Asp-A; b high-resolution C1s spec-
trum of γ-Fe2O3-AA; c high-resolution C1s spectrum of γ-Fe2O3-AA/
Al-MOF; d high-resolution C1s spectrum of γ-Fe2O3-AA/Al-MOF-

Asp-A; e high-resolution N1s spectrum of γ-Fe2O3-AA; f high-reso-
lution N1s spectrum of γ-Fe2O3-AA/Al-MOF; g high-resolution N1s 
spectrum of γ-Fe2O3-AA/Al-MOF-Asp-A
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activity was exhibited by γ-Fe2O3-AA/Al-MOF-Asp-A, with 
a concentration of jasminealdehyde reaching 1.031 ppm.

To further investigate the influence of catalyst struc-
ture on catalytic performance, a comparative analysis was 

conducted under different conditions, as shown in Fig. 7: 
(a) without catalyst, (b) γ-Fe2O3-AA, (c) γ-Fe2O3-AA/Al-
MOF, and (d) γ-Fe2O3-AA/Al-MOF-Asp-A. The results 
indicated that significant catalytic effects were observed 
for γ-Fe2O3-AA. The catalytic efficiency of γ-Fe2O3-AA/
Al-MOF surpasses that of γ-Fe2O3-AA, potentially owing 
to the synergistic catalytic effect facilitated by the core-
shell structure. Furthermore, the catalytic performance of 
γ-Fe2O3-AA/Al-MOF-Asp-A particles was further enhanced 
by employing the PSM technique to introduce amino groups.

Compared to the traditional homogeneous catalyst KOH, 
as shown in Fig. 8, a solution analysis was conducted imme-
diately after the catalytic reaction and again after 24 h. The 
results revealed that the concentration of the product cata-
lyzed by the γ-Fe2O3-AA/Al-MOF-Asp-A catalyst increased 
from 1.031 to 1.844, whereas the concentration of the prod-
uct catalyzed by the KOH catalyst increased from 0.04 to 
2.429. These findings suggested that within a relatively short 
reaction time, significant advantages were exhibited by the 
γ-Fe2O3-AA/Al-MOF-Asp-A catalyst.

At the same time, γ-Fe2O3-AA/Al-MOF-Asp-A is highly 
stable during the reaction without losing its activity. No 
structural changes are evident from the XRD pattern of the 
used catalyst, which is almost identical to the fresh material, 
as shown in Fig. 9.

Table 1   Binding energy and elemental ratio of each step of the modi-
fication process

Samples Binding energy (eV) At%

γ-Fe2O3-AA C–C 284.8 43.02
C–O 286.417 38.52
C=O 288.326 18.46
N–C 399.95 72.28
CO–NH 401.46 27.72

γ-Fe2O3-AA/Al-MOF C–C 284.8 52.13
C–O 286.188 21.02
C=O 288.653 26.05↑
N–C 399.78 89.68
CO–NH 401.78 10.32

γ-Fe2O3-AA/Al-MOF-Asp-A C–C 284.8 37.91
C–O 286.054 29.07
C=O 288.38 33.03↑
N–C 399.614 84.80
CO–NH 400.998 15.20↑

Fig. 6   GC-MS charomatogram of the reaction solution catalyzed of a γ-Fe2O3-CMC/Al-MOF-Glu-A, b γ-Fe2O3-CMC/Al-MOF-Asp-A, c 
γ-Fe2O3-CMC/Al-MOF-GA-A, d γ-Fe2O3-AA/Al-MOF-Glu-A, e γ-Fe2O3-AA/Al-MOF-Asp-A, f γ-Fe2O3-AA/Al-MOF-GA-A
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4 � Conclusions

The MNPs/MOFs core-shell structure was successfully syn-
thesized through one-pot synthesis, and amino groups were 
introduced using the PSM technique to obtain the γ-Fe2O3-
CMC/Al-MOF-Glu-A, γ-Fe2O3-CMC/Al-MOF-Asp-A, 
γ-Fe2O3-CMC/Al-MOF-GA-A, γ-Fe2O3-AA/Al-MOF-Glu-
A, γ-Fe2O3-AA/Al-MOF-Asp-A, γ-Fe2O3-AA/Al-MOF-GA-
A powder samples. Characterization of the prepared samples 
using IR spectroscopy, XRD, and XPS confirmed the suc-
cessful synthesis and modification of the MNPs/MOFs mate-
rials. The XRD measurements of the fresh and used catalysts 
demonstrate no structural changes, confirming the stability 
of the catalyst under the current experimental conditions. 
The typical shapes of MNPs and MNPs/MOFs structures 
were demonstrated in SEM.

The primary focus of this study was the first-time utiliza-
tion of MNPs/MOFs core-shell structures for investigating 
the catalytic performance in the aldol condensation reac-
tion of benzaldehyde and 1-heptanal. Comparative experi-
ments revealed that the core-shell structure formed between 
MNPs and MOFs significantly enhanced the catalytic yield. 
Additionally, introducing amino functional groups through 
PSM technology further improved the catalytic yield. Com-
pared to the traditional homogeneous KOH catalyst, the 
γ-Fe2O3-AA/Al-MOF-Asp-A catalyst offers the advantages 
of shorter reaction times and being environmentally friendly 
and recyclable. Our future work will further explore the 
MNPs/MOFs core-shell structured materials and a detailed 
comparative study with various traditional homogeneous 
catalysts and heterogeneous catalysts for the Jasminaldehyde 
Condensation Reactions.

Fig. 7   GC-MS charomatogram of the reaction solution catalyzed of a without catalyst, b γ-Fe2O3-AA, c γ-Fe2O3-AA/Al-MOF, d γ-Fe2O3-AA/
Al-MOF-Asp-A
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