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Superhydrophobic MOF/polymer composite with
hierarchical porosity for boosting catalytic
performance in an humid environmentf
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The poor hydrostability of most reported metal—organic frameworks (MOFs) has become a daunting chal-
lenge in their practical applications. Recently, MOFs combined with multifunctional polymers can act as a
functional platform and exhibit unique catalytic performance; they can not only inherit the outstanding
properties of the two components but also offer unique synergistic effects. Herein, an original porous
polymer-confined strategy has been developed to prepare a superhydrophobic MOF composite to signifi-
cantly enhance its moisture or water resistance. The selective nucleation and growth of MOF nanocrystals
confined in the pore of PDVB-vim are closely related to the structure-directing and coordination-modu-

Received 5th March 2024,
Accepted 30th April 2024

DOI: 10.1039/d4nr00948g

lating properties of PDVB-vim. The resultant MOF/PDVB-vim composite not only produces superior
superhydrophobicity without significantly disturbing the original features but also exhibits a novel catalytic
activity in the Friedel-Crafts alkylation reaction of indoles with trans-p-nitrostyrene because of the acces-
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1. Introduction

Heterogeneous catalysts applied in many areas of chemical
and pharmaceutical industries have numerous advantages
such as the ease of recovery, reusability and stability." Most
often, water molecules, a typical byproduct originating from a
humid environment, can co-adsorb or coordinate with active
sites on hydrophilic heterogeneous acidic catalysts and are one
of the negative components for acid-catalyzed reactions.” This
can cause partial deactivation of the acidic sites, thus restrain-
ing the chemical reaction process and efficiency.® Moreover, in
some cases, many heterogeneous Lewis acid catalysts are
unstable in moisture systems and tend to hydrolyze.>* These
disadvantages severely limit the performance of this kind of
catalyst in some practical applications. Consequently, the fab-
rication of hydrophobic, especially superhydrophobic catalysts
that keep water molecules away from catalytic sites and reac-
tants, is a promising method for resolving these problems.’
Furthermore, regulating the microenvironment of hetero-
geneous catalytic systems from hydrophilicity to hydrophobi-
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city could promote the adsorption capacity of catalysts for oleo-
philic reactants, which will further enhance the catalytic
activity in many organic transformation reactions.®
Metal-organic frameworks (MOFs), constructed using
adjustable metal ions or metal clusters as nodes and organic
ligands as linkers, have become a well-known class of porous
crystalline materials.” Because of their nanoscale periodicity,
permanent porosity, channel functionalization, and structural
diversity, MOFs can be rationally designed and prepared to
afford versatile desired applications, such as heterogeneous
catalysis,® gas storage and separation,”'® Researchers have
explored varied approaches to improve the catalytic perform-
ance of MOFs by controlling their microenvironment."*
However, a great deal of MOFs with weak coordination bonds
can be easily destroyed under a humid environment, which
has been recognized as the major encumbrance limiting their
practical application.'’® Accordingly, rapid and promising pro-
gress has been witnessed in fabricating hydrophobic MOFs to
overcome their inherent weaknesses and endow them with
improved or novel functionalities for diverse applications.'* To
date, two common approaches have been adopted to construct
hydrophobic MOFs: one approach is concerned with fabricat-
ing a rough surface or external surface corrugation with an an-
isotropic crystal morphology; the other approach is mainly
focused on lowering the surface free energy, which is to intro-
duce hydrophobic moieties in MOFs through post-synthetic
modification.'® Although the stability of MOFs under moisture
conditions can be improved, these approaches have disadvan-

Nanoscale, 2024, 16, 10637-10644 | 10637


http://rsc.li/nanoscale
http://orcid.org/0009-0006-7382-423X
http://orcid.org/0000-0002-9164-1190
http://orcid.org/0000-0001-8635-9783
https://doi.org/10.1039/d4nr00948g
https://doi.org/10.1039/d4nr00948g
https://doi.org/10.1039/d4nr00948g
http://crossmark.crossref.org/dialog/?doi=10.1039/d4nr00948g&domain=pdf&date_stamp=2024-06-03
https://doi.org/10.1039/d4nr00948g
https://pubs.rsc.org/en/journals/journal/NR
https://pubs.rsc.org/en/journals/journal/NR?issueid=NR016022

Published on 01 5 2024. Downloaded on 2026-02-06 11:23:31.

Paper

tages and limitations, such as tedious procedures, complex
instrumentation, and reduced porosity.’* The points men-
tioned above motivated us to design and engineer MOF-based
composites with admirable hydrophobic/superhydrophobic
features, large specific surface area, and superior catalytic
properties.

Herein, we report a facile strategy that can prepare superhy-
drophobic nanocomposite with hierarchical porosity by directly
growing microporous ZIF-8 nanoctystals within the superhydro-
phobic porous polymer (PDVB-vim) to form the ZIF-8/PDVB-vim
composite. Thus-obtained composite possesses preeminent
superhydrophobicity, high void fractions, and excellent stability.
In contrast to the ZIF-8 counterpart and other known MOF-
based catalysts, the resulting superhydrophobic ZIF-8/PDVB-vim
composite exhibited remarkably higher catalytic activity and
recyclability for the Friedel-Crafts alkylation reaction of indoles
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with trans-f-nitrostyrene under air atmosphere at a mild temp-
erature. To the best of our knowledge, this is the first example
of superhydrophobic MOF composite catalyst prepared by a
porous polymer-confined strategy.

2. Results and discussion

2.1. Fabrication and characterization of ZIF-8/PDVB-vim
catalysts

ZIF-8/PDVB-vim composite was prepared through a facile strat-
egy for confining ZIF-8 nanoparticles into a superhydrophobic
porous PDVB-vim support material (Fig. 1a). The selectively
controlled nucleation and growth of ZIF-8 nanocrystals con-
fined within the porous PDVB-vim occurred during the syn-
thesis of liquid-phase nano-ZIF-8. The PXRD patterns of the

e \; ZIF-8 nanocrystals

Fig. 1 (a) The synthetic route of the ZIF-8/PDVB-vim composite; TEM and SEM images of (b and c) ZIF-8; (d and e) PDVB-vim; (f and g) ZIF-8/
PDVB-vim composite; (h and i) HRTEM image and selected-area electron diffraction (SAED) pattern of the ZIF-8/PDVB-vim composite; elemental

mapping images of the ZIF-8/PDVB-vim sample (j—m).
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as-prepared samples are shown in Fig. Slaf and show well-
defined diffraction peaks. For PDVB-vim, there is a broad peak
at about 18°, which is caused by its amorphous status. After
incorporating ZIF-8 crystals into the inner pores of PDVB-vim,
the pattern has the characteristics of both ZIF-8 and PDVB-vim
and the intensity of the peaks is low in the composite. This
indicates that a small-sized ZIF-8 crystal was successfully
formed in the pores of PDVB-vim; FT-IR and Raman spectra
were further used to investigate the possible components of
the composite (Fig. S1b and ct). The characteristic absorption
bands of pure ZIF-8 at 1175 and 1147 cm™" in FT-IR spectra
can be assigned to the C-C bond between imidazole and -CHj;
groups.”> The absorption bands of PDVB-vim at 1605 and
1509 cm™' can be assigned to stretching vibrations of the
-C=C- bond."® In the Raman spectra, as can be observed, the
bands at 284 cm ™, 1149 ecm ™", and 1461 cm ™" are assigned to
Zn-N stretching, C-N stretching of the imidazole ring, and
methyl bending, respectively.”” The strong bands were
observed at 1609 and 1635 cm ™" corresponding to the -C=C-
of the benzene ring in PDVB-vim.'® After the combination of
ZIF-8 and PDVB-vim, FT-IR and Raman spectra revealed the
existence of characteristic peaks associated with the stretching
mode of aromatic and imidazole C-H, aromatic C=C, C-N
and C-C bond between the imidazole and -CH; groups as well
as Zn-N stretching of ZIF-8, which indicates the presence of
ZIF-8 and PDVB-vim components in this composite.

The micro-morphologies of ZIF-8, PDVB-vim and ZIF-8/
PDVB-vim composite were evaluated by using various micro-
scopic techniques (Fig. 1b-g). TEM and SEM micrographs of
ZIF-8 show nanocrystals with sizes of about 25 + 5 nm
(Fig. 1b and c). The hierarchical meso-macroporosity of
PDVB-vim can be observed from the TEM and SEM images
(Fig. 1d and e), which indicate that the porous structure of
PDVB-vim displays wormhole-like and disordered character-
istics. From the observation in the TEM images shown in
Fig. 1f, the surface morphology of ZIF-8/PDVB-vim composite
is somewhat similar to that of pristine PDVB-vim, while ZIF-8
nanocrystals are very well dispersed in PDVB-vim. Moreover,
the obvious reduction of the open pores can be found in the
SEM images of ZIF-8/PDVB-vim composites (Fig. 1g). These
observations are consistent with the hypothesis that ZIF-8
nanocrystals are confined within the inner pores of PDVB-
vim. HRTEM image in Fig. 1h shows that the interplanar dis-
tances of the selected area are calculated to be ~0.49 nm,
attributable to the (2 2 2) lattice planes of ZIF-8. The diffuse
diffraction rings of the SAED pattern are typical character-
istics of nanometric size particles, which can also confirm
that the crystalline ZIF-8 consists of the porous composite
(Fig. 1i). The d spacing of the (0 1 1) plane calculated from
the SAED patterns is ~11.98 A, in agreement with the value
obtained from the PXRD pattern as well as reported values of
the d spacing for crystalline ZIF-8 particles."® Importantly,
the ZIF-8 nanoparticles are highly dispersed in the ZIF-8/
PDVB-vim composite, which can be verified from the uniform
distribution of the mapping of the corresponding elements
detected by the EDS mapping (Fig. 1j-m).

This journal is © The Royal Society of Chemistry 2024
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To further explore the textural properties of ZIF-8/PDVB-vim
composite, N, adsorption-desorption isotherms and pore size
distribution measurements were determined. As shown in
Fig. S2,7 the isotherms of ZIF-8 are identified as type I, which
is characteristic of microporous materials, while PDVB-vim
and ZIF-8/PDVB-vim show type IV with an H4 hysteresis loop,
which is the typical characteristic of the micro-mesopore struc-
ture. The BET-specific surface areas of ZIF-8, PDVB-vim and
ZIF-8/PDVB-vim composite were 1296.7, 799.8 and 833.1 m?
g7, respectively. Also, the pore size distributions for ZIF-8,
PDVB-vim and ZIF-8/PDVB-vim composite were calculated
using NLDFT models. From the observation of the pore size
distribution shown in Fig. S3,f porous PDVB-vim with a pore
diameter of about 0.5-64 nm is an ideal support for ZIF-8
nanocrystals. It is worth noting that the pore size ranging from
27.5 to 64.0 nm reduced obviously after the process of the
preparation of the ZIF-8/PDVB-vim composite. At the same
time, a significant increase of the pore from 0.5 to 1.0 nm can
be observed. The results of the pore size distribution calcu-
lated from the N, adsorption isotherms at 77 K are consistent
with SEM and TEM images. Based on these observations, it is
concluded that porous PDVB-vim can act as a functional
support (structure-directing) material for the selectively con-
trolled nucleation and growth of nanoscale ZIF-8.

TG analysis under the N, atmosphere reveals that PDVB-
vim, ZIF-8, and ZIF-8/PDVB-vim composite can be stabilized
up to 350 °C, but with different residual weights at 750 °C
(Fig. S47). According to the results of TG analysis, the content
of ZIF-8 in the ZIF-8/PDVB-vim composite was estimated to be
16.4%, in line with the ICP-OES test (Table S1,T entry 1). The
chemical stability was tested by soaking the composite in
MeOH, CH,Cl,, CHCl;, toluene, and MeCN and adding nano
CeO, as an internal standard for 24 h, the results of the coinci-
dent PXRD patterns verified that all the phase composition of
ZIF-8/PDVB-vim composite are integrated (Fig. S51). In
addition, after being treated in an aqueous solution at 100 °C
for 20 days, the PXRD tests reveal that the ZIF-8/PDVB-vim
composite maintains the structural integrity of each com-
ponent (Fig. S5t). The ZIF-8/PDVB-vim composite still retained
good porosity after the boiling water treatment, which was veri-
fied by N, adsorption isotherms (Fig. S6t), demonstrating the
excellent stability of the composite against degradation in the
presence of water. "H NMR and ICP-OES tests of the ZIF-8/
PDVB-vim composite after water treatment also confirmed the
stability of the composite (Fig. S7 and Table S1,} entry 2). The
pH durability tests on ZIF-8 and the PDVB-vim/ZIF-8 compo-
site across a comprehensive pH range of 0-14 were further exe-
cuted to assess their chemical stability. The results indicate
that the PDVB-vim/ZIF-8 composite maintained stability across
the entire pH range from 0 to 14, whereas ZIF-8 is only stable
from pH 4 to 14 (Fig. S8f). These findings affirm that the
polymer-confined strategy not only boosts hydrophobicity but
also enhances pH durability. To investigate the effect of ZIF-8
confined in PDVB-vim, static water contact angle (SWCA)
measurements were performed. As shown in Fig. 2a, ZIF-8
exhibited hydrophilicity and SWCA was ~84°. On the other
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Fig. 2 The static water contact angle of ZIF-8 (a); PDVB-vim (b) and ZIF-8/PDVB-vim (c). Oil-water separation performance of PDVB-vim (d—f).

hand, the SWCA of water droplets on the ZIF-8/PDVB-vim com-
posite showed contact angles up to ~150°. The transformation
from hydrophilic to hydrophobic type can be attributed to the
pristine superhydrophobic PDVB-vim with the SWCA is ~152°
(Fig. 2b and c). In addition, the practical oil-water separation
performance could be investigated to verify the superhydro-
phobic properties of this composite. According to previous
reports, the separation device was generated by loading the
ZIF-8/PDVB-vim composite on commercial filter paper.>°
Briefly, the CHCl;-dyed water mixture was selected as an oil-
water mixture model to test the separation performance under
the force of gravity without any external force. The separation
equipment images before and after the separation experiment
are demonstrated in Fig. 2e and f. In the process of separation,
CHCI; easily permeated through the filter paper, which was
fixed between two glass devices, but the water was repelled
and stayed in the upper part of the glass container, and the
collected efficiency of CHCI; were all above 95% in 30 cycles.
This result further demonstrates that the ZIF-8 nanocrystals
are almost completely confined in PDVB-vim, which endows
the composite with superior superhydrophobicity, thus
forming a natural barrier protecting the MOF crystals. We are
also convinced that this approach can be extended to many
other MOF structures suffering from being water-labile.
Therefore, it is expected that the superhydrophobic ZIF-8/
PDVB-vim composite was successfully prepared on a large
scale through a facile synthetic route, thus facilitating its prac-
tical application.

2.2 Catalysis studies

Many MOFs-based catalysts are prone to collapse after pro-
longed exposure to harsh reaction conditions, including in

10640 | Nanoscale, 2024, 16,10637-10644

humid environments, demanding organic solvents, acid and
alkali media.”" Therefore, developing green MOFs-based cata-
lysts that operate in a humid environment under mild con-
ditions is critical and imminent. The successful strategy for
the preparation of the above superhydrophobic and stable
ZIF-8/PDVB-vim composite paves the way for the construction
of superhydrophobic MOF-based catalysts by confining MOF
nanocrystals into superhydrophobic porous polymers. In
recent years, the conjugated addition of indoles to trans-
B-nitrostyrene has been extensively studied, which provides an
efficient strategy for synthesizing a variety of alkaloids.>* The
product of Friedel-Crafts alkylation of indoles with trans-
p-nitrostyrene can be easily converted into melatonin deriva-
tives, tetrahydro--carbolines and triptans, etc.>

To evaluate the catalytic activity of porous superhydropho-
bic ZIF-8/PDVB-vim composite under mild conditions, the
liquid-phase Friedel-Crafts reaction of indole and trans-
B-nitrostyrene was used as the model reaction to test the effect
of hydrophobicity on the heterogeneous catalytic performance.
To compare with previously reported MOF-based systems, we
explored the catalytic activity of the ZIF-8/PDVB-vim composite
in the Friedel-Crafts reaction at room temperature and ana-
lyzed the resulting products by "H NMR analysis (Fig. S97).
Before the catalytic experiments, all the catalysts were fully
activated under a vacuum in sealed glassware to remove the
guest molecules and provide accessible Lewis acid active sites
for substrates. Firstly, the catalytic performance of ZIF-8 was
assessed in the presence of MeCN at room temperature using
a 5 mmol% catalyst based on the Lewis acid sites for 24 h
under N, and air atmosphere (Table 1, entries 1-2, Fig. S10a
and bt). In addition, the lower catalyst loading was used to dis-
tinguish the effect of water in air and N,. The yield of the

This journal is © The Royal Society of Chemistry 2024
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Table 1 Optimization of reaction conditions for the Friedel-Crafts

reaction

H

N

I
A . X -NO2 Catalyst

_

N Solvent, RT NO,
“ ®

Entry  Cat. Atmosphere  Sol. Yield (%)
1 ZIF-8 N, MeCN 76.4
2 ZIF-8 Air MeCN 44.4
3 ZIF-8/PDVB-vim N, MeCN >99

4 ZIF-8/PDVB-vim Air MeCN >99
5 ZIF-8/PDVB-vim Air CH,Cl, 81.2
6 ZIF-8/PDVB-vim Air THF 53.0
7 ZIF-8/PDVB-vim Air MeOH 21.7
8 ZIF-8/PDVB-vim Air Toluene 76.4
9 No catalyst Air MeCN Trace
10 PDVB-vim Air MeCN 5.6
11 Zn(OAc),-2H,0 Air MeCN 38.3
12 2-Methylimidazole Air MeCN Trace
13 ZIF-8 + PDVB-vim Air MeCN 78.9

trans-p-Nitrostyrene (150 mg, 1.0 mmol), indoles (180 mg, 1.5 mmol),
catalyst 5 mol% based on Zn(u) center, MeCN 5 mL, under an N, or air
atmosphere at 25 °C for 24 h. Determined by "H NMR.

product in ZIF-8/PDVB-vim was similar no matter whether air
or N, was used. Yet, the results of ZIF-8 were distinguishing. It
was found that the yield of the product depended on the atmo-
sphere, N, atmosphere was better than the air atmosphere. As
is well-known, the relative humidity of various air classifi-
cations is generally about 40% to 80%, and Lewis acid active
sites are sensitive to moisture, which is a crucial factor in redu-
cing the catalytic activity in organic reactions.”* Hence, the
phenomenon can be attributed to the water molecules from
the humid air environment coordinated with the Zn centers to
reduce the catalytic activity of ZIF-8. To confirm this hypoth-
esis, a superhydrophobic porous ZIF-8/PDVB-vim composite
was used as a catalyst under N, or air atmosphere in MeCN
(Table 1, entries 34, Figs. S10c and dt). As expected, the yield
of Friedel-Crafts reaction revealed gratifying performance
improvement. The results described above make it clear that
the superhydrophobic porous ZIF-8/PDVB-vim composite can
resist the water molecules and also confirm that the formation
of a superhydrophobic surface on the catalyst is effective in
restraining the loss of catalytic activity. In the meantime, the
solvent effect of the liquid-phase Friedel-Crafts reaction under
air atmosphere was studied.

The yield of the product was found to be solvent-dependent
when MeCN was chosen as the solvent, the yield was optimum
(Table 1, entries 4-8, Fig. S10d-ht). According to the results of
the solvent-dependent experiments, MeCN was selected as the
solvent for the Friedel-Crafts reaction. It is also evident that
under identical conditions, scarcely any product can be
detected when no catalyst was added to the catalytic system
(Table 1, entry 9). All the above data confirm that the catalyst is
heterogeneous in nature and there is no leaching of active

This journal is © The Royal Society of Chemistry 2024
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species into the solution. In addition, the catalytic activity was
also compared with the component of ZIF-8/PDVB-vim, ie.,
PDVB-vim, Zn(OAc),-2H,0, and 2-Mim (Table 1, entries
10-12). There was a very low yield (5.6%) in the presence of
PDVB-vim as a catalyst, which can be attributed to the lack of
Lewis acid sites. With Zn(OAc),-2H,0, a yield of 38.3% was
observed after 24 h and it is lower than the yield when ZIF-8 or
ZIF-8/PDVB-vim act as a catalyst. This clearly shows the impor-
tance of the coordination effect of 2-Mim to the ZnlII center
promoting the increase in Lewis acid activity of the ZnII center
donating environment more favorably. When using 2-Mim as
the catalyst, traces of the target product were observed after
the reaction. We further employed a mechanical mixture of
ZIF-8 crystals and PDVB-vim to catalyze the reaction (Table 1,
entry 13 and Fig. S11}). The results indicate that the catalytic
performance of this physically mixed catalyst is inferior to that
of the PDVB-vim/ZIF-8 composite. Besides, the yield vs. time
and leaching experiments were performed for the reaction
between indole and trans-p-nitrostyrene under the optimized
reaction condition. As shown in Fig. S12,} the ZIF-8/PDVB-vim
composite was filtered after 8 h and the resulting solution was
allowed to continue until 24 h. Notably, the product formation
was interrupted upon removal of the catalyst from the reaction
mixture and it verifies that the presence of ZIF-8/PDVB-vim
composite is very essential for the promotion of the Friedel-
Crafts reaction.

Furthermore, the expansion of the substrate scope of
Friedel-Crafts reactions with trans-f-nitrostyrene derivatives
and various substituent indoles were explored using ZIF-8/
PDVB-vim composite as a catalyst (summarized in Table 2,
Fig. S13 and S14%). The results showed that both trans-
B-nitrostyrene with electron-donating and electron-withdraw-
ing groups could efficiently react with indole to form corres-
ponding products in excellent yields of 96.9 and 100%
(Table 2, entries 1 and 2). Next, the indole scope was examined
by reacting trans-p-nitrostyrene with various indole com-
pounds. The catalytic efficiency of the ZIF-8/PDVB-vim compo-
site varied significantly for differently substituted indoles.
5-methyl-indole and 5-methoxy-indole as electron-rich substi-
tuted indole substrates were investigated and the yield of the
respective products can reach 100% (Table 2, entries 3 and 4).
This may be attributed to the indole ring facilitating activation
by electron-donating methyl or methoxy groups through the
way of nucleophilic attack. On the contrary, 5-chloro-indole as
an electron-withdrawing group results in a yield of 84.1% with
the corresponding product (Table 2, entry 5). More impor-
tantly, when N-methylindol was selected as substrate, the yield
decreased dramatically to 20.6% (Table 2, entry 6).
Furthermore, 2-methylindol and 2-phenylindole were used as
the substituted substrate, analogously, the yields were 100%
and 26.1%, respectively (Table 2, entries 7 and 8). This result
can be used to prove the effectiveness of the steric factor for
catalytic performance. On the whole, all the above results illus-
trate that the ZIF-8/PDVB-vim composite can efficiently cata-
lyze the Friedel-Crafts reaction of the vast majority of sub-
strates. The high yield may be ascribed to the strong adsorp-
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Table 2 Substrate scope of trans-f-nitrostyrene derivatives and indole compounds in the Friedel—Crafts reaction

Entry Substrate of indoles

Substrate of trans-B-nitrostyrene

1

39

=
o

z
o
~

w

2/ zT é/ zT z/ zT é/ zT
z
°

o
=
o

o
g/ Ez::
Q

)}
=
®
z
o

~

IR T

2/ =z

3 -NO:

.

3 -NO2

.

X _-NO2

X _-NOz

Product Yield (%)
N >99
. g
NO,
AC
N 96.9
.g
NO,
A2
N >99
\

W
LK@

7 Nzz

J

W

O 84.1

NO,

7 Nzz

W

e 20.6
N
g
o
i >99
Me \ O
O NO,
N 26.1
O~
NO,

2

trans-p-Nitrostyrene derivatives (1.0 mmol), indoles (1.5 mmol), catalyst 5 mol% based on Zn(u) center, MeCN 5 mL at 25 °C for 24 h. Determined

by '"H NMR.

tion of the catalyst for reactants through positive hydrophobi-
city, intrinsic characteristics of porosity and H-bond inter-
action. In comparison to the reported MOF-based catalysts for
Friedel-Crafts reaction of indoles and trans-p-nitrostyrene,**
the efficiency of superhydrophobic ZIF-8/PDVB-vim is note-
worthy (Table S37).

Besides, excellent heterogeneous catalysts need to possess
superior stability and reusability. On the basis of the above
experimental results and assumptions, recycling experiments
for the ZIF-8/PDVB-vim composite were performed and it
clearly demonstrated no noticeable change in activity after 5
run recycle experiments (Fig. S15t). In addition, the FT-IR,
Raman spectra PXRD patterns and ICP-OES of the recovered
ZIF-8/PDVB-vim composite showed that the structure of the
composite remained unchanged after the reaction, indicating
that the composite had high stability and good recyclability

10642 | Nanoscale, 2024, 16,10637-10644

under the catalytic conditions (Fig. S16-S18 and Table S1,f
entry 3).

A proposed mechanism is presented involving the synergis-
tic activation of the two reactants by ZIF-8/PDVB-vim compo-
site for enhancing catalytic performances (Scheme 1). Firstly,
Zn(u) centers as Lewis acidic sites in ZIF-8 can activate the
nitro compound through the coordination interaction with the
oxygen to increase the electrophilic character of the aliphatic
carbon atom and is susceptible to the nucleophilic attack of
indole. Secondly, the adjacent N atom in the ZIF-8 and PDVB-
vim in this composite interacted with indole through a weak
H-bonding effect, which can also gather and activate indole.”®
More interestingly, superhydrophobic ZIF-8/PDVB-vim compo-
site can restrain the water molecules from the solvent or
humid environment to influence the catalytic activity of ZIF-8.
Thus, the formation of the alkylated product with higher yield

This journal is © The Royal Society of Chemistry 2024
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Scheme 1 The possible mechanism for the Friedel-Crafts reaction of
indole with trans-p-nitrostyrene catalyzed by the ZIF-8/PDVB-vim
composite.

is attributed to highly efficient and robust super-hydrophobic
ZIF-8/PDVB-vim composite as catalyst-promoting reactions via
the synergistic activation mechanism for two organic sub-
strates. To support the mechanism, we studied the interaction
of trans-p-nitrostyrene and indole with ZIF-8, PDVB-vim and
the composite through UV-vis spectroscopy. A finely ground
sample was used for facilitating close contact between the
activity sites and ¢rans-p-nitrostyreneo/indole in the adsorption
experiments. As shown in Fig. S19, the three samples show
an obvious decrease in UV-vis spectroscopy upon successive
addition of trans-p-nitrostyrene solution (4 = 311 nm) or indole
solution (1 = 269 nm). The strong adsorption effect of the com-
posite for trans-f-nitrostyrene solution and indole prove that
the reactions are promoted via a synergistic activation mecha-
nism for two organic substrates.

3. Conclusion

In summary, a porous polymer-confined strategy has been
developed to prepare superhydrophobic nanocomposite with
hierarchical porosity by directly growing MOF nanocrystals
within the superhydrophobic porous polymer. As a result, the
composite exhibits enhanced catalytic activity and improved
reusability in Friedel-Crafts reaction under mild conditions
due to a unique synergistic catalytic mechanism that relies on
a synergy between Lewis acid active sites of ZIF-8 and H-bond
activation in PDVB-vim. In a broader perspective, this novel
strategy for preparing multifunctional superhydrophobic nano-
composites offered an opportunity for various practical appli-
cations including catalysis, oil-water separation, and electronic
devices, etc.

This journal is © The Royal Society of Chemistry 2024
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