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We presented a novel approach for synthesizing
and characterizing metal-organic frameworks on fullerene (MOFOF)
composites, achieved through the integration of coordination chemistry and
supramolecular chemistry principles. The MOFOF showed the superior
sensitivity for acid vapors.
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Experimental

MOF crystals were grown on the self-assembled fullerene nanotubes (FNT) by
solution-based chemistry. Self-assembled FNT crystals were prepared following
the commonly used LLIP method using mesitylene as the “good” solvent and
methanol as the “bad” solvent. The assembly of fullerene into FNT is
generally driven by the molecular interactions and self-organization tendencies
of the fullerene molecules, where the inherent curvature of the fullerene
structure, along with solvent composition, treatment conditions, and
temperature, influences the assembly process to form the tubular structures. In
the synthesis of the MOFOF composites, specific conditions were carefully
selected to optimize the quality and functionality of the resulting materials. The
method for MOFOF synthesis involves in situ growth of ZIF-67 onto FNTox at
room temperature under ultrasonication. The synthesis temperature of 25 °C
and noncontinuous sonication and hand shaking (710 s) at T min intervals were
selected to facilitate the controlled growth of the ZIF-67 crystals on the FNTox
surface without causing degradation of the self-assembled fullerene tubular
structure. Separate Co(NO3)2- 6H20 (2 mM; 10 mL) and ligand-modulator
(Mim + TEA; 16 mM each; 10 mL) solutions were prepared in water. First, the
Co2+ solution was added to a dispersion of FNTox (100 mg/mL) in water. The
slurry was held under sonication for 5 min with shaking by hand (10 s) at T min
intervals. Mim + TEA solution was then added rapidly, and the same sonication-
shaking regime continued for an additional 15 min. The resulting purple-brown
solid was collected by centrifugation, then washed with water and methanol
(three times), and dried at 80 °C for 12 h under reduced pressure. The
composition (MOF: FNTox: or Co2+: C60) of the MOFOF composites was varied
by varying the quantity of FNTox used. MOFOF composites with varying
Co2+/C60 ratios (e.g., 0.5, 1.0, 1.5, and 2.0) are respectively referred to in this
work as MOFOF-0.5, MOFOF-1.0, MOFOF-1.5, and MOFOF-2.0. The observed
MOFOF composites were characterized using XRD, XPS, and SEM.
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Results and Discussion

MOFOFs with different compositions were successfully prepared. MOFOF
samples were obtained by the in situ growth of ZIF-67 (a typical MOF) onto the
surface-modified FNT at room temperature under ultrasonication. The FNT
morphology was maintained with only minor decomposition, even following the
growth of ZIF-67 crystals onto the surface of the FNTox. The newly prepared
MOFOF composites indicate that ZIF-67 particles grow only at the surfaces of
FNTox with no nonattached particles visible, indicating robust attachment and
homogeneous distribution. The uniform distribution of ZIF-67 particles on the
FNTox surfaces and at their interiors is significant for the composite’ s
functional properties, as it ensures maximum surface area and accessibility for
various (e.g., catalytic or adsorptive) interactions. Predictably, the quantity of
ZIF-67 particles varies according to the increasing ratio of the ZIF-67
precursors. ZIF-67 particles at the exterior of FNTox, especially for MOFOF-2.0,
indicate that there is an optimum Co2+/C60 ratio (i.e., Co2+/C60: 1/1) for
successful in situ incorporation of ZIF-67 on the FNTox in the MOFOF
composites.
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A new porous MOFOF composite with a uniform distribution of ZIF-67, a typical
MOF, grown on self-assembled fullerene nanotube (FNT), was synthesized
following a two-step in situ method. By varying the ratio of FNT and MOF
precursors, in particular, the Co2+/C60 ratio, the distribution and
interconnectedness of the MOFOF components can be controlled by this
simple room temperature synthesis procedure using a standard ultrasound bath
sonication. The resulting MOFOFs possess large specific surface areas based on
micro- and mesopore channels, contain defect sites for binding of guest
molecules, and show excellent sensitivity for acid vapor sensing when applied in

QCM sensing layers.
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