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ABSTRACT

Porous materials can be classified into three types: microporous, mesoporous,
and macroporous. Microporous materials are characterized by pore sizes of <2 nm.
Pores are in the range of 2-50 nm for mesoporous structures, and those of
macroporous materials are generally regarded as being >50 nm in diameter. Unique
porous materials with single pore size have been extensively studied for hundreds of
years and have been widely applied to scientific researches and industrial productions.
With the development of society and further investigations on the porous materials,
people have observed that the practical application of materials with single pore size
is great limited due to their appointed pore character. Therefore, it is highly desirable
to develop hierarchical porous materials, combing integrated advantages of
multi-porosity. Recently, hierarchically structured porous materials have drawn great
attentions because of their unique physical and chemical properties from the
distinctive morphology and porous structure. Although nature has many examples of
hierarchically organized multifunctional composites with porous structure, it is a big
challenge to develop artificial materials with hierarchal structure and multiple
functions that can avoid the defects of single size and build different scaled structures.
This is of great importance in solving the problem of mass transfer, improvement of
material utilization efficiency and the development of new functional materials. In
this case, we focus on the design and fabrication of novel hierarchically structured
functional materials. In this thesis, various kinds of hierarchically functional materials
were successfully fabricated and their structure, physicochemical properties and the
functional performances were also carefully characterized. The thesis contains: 1)
based on the electrospinning technique platform to fabricate self-standing
functionalized mesoporous membranes as sorbents for heavy metal removal and metal
organic frameworks (MOFs) membrane for gas separation; ii) based on the colloidal
crystal assembly technique platform to prepare photonic MOF films on colloid crystal
substrate and metal organic frameworks with 3D-ordered macroporous structure for
host-guest investigation.

Detailed contents in this thesis are listed as follows:

1. One-step fabrication of self-standing thiol-functionalized fibrous membrane

with bimodal pore structure (Meso/Macropore) via electrospinning. Using the
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nonionic surfactant F127 as the structure-directing agent, combining the
evaporation-induced self-assembly and electrospinning technique, self-standing
thiol-functionalized silica fibrous membrane with mesoporous structure was
fabricated. The results revealed that, under the experimental conditions, precursor sol
containing optimized concentrations of surfactant F127, silane and organic solvent
can be electrospun to form uniform diameter of 1 pum. Following a period of
collection and solvent extraction of the surfactant, large area of self-standing
thiol-functionalized silica fibrous membrane with mesoporous structure was obtained.
Further studies show that, such hierarchically structured membrane with the
coexistence of meso- and macropores exhibited effective and fast adsorption of Cu®"
under high flux.

2. Electrospun fibrous mats as skeleton for fabricating self-standing hierarchical
sorbents with functional mesoporous silica layer. Firstly, polystyrene fibrous mats
were prepared via electrospinning. Secondly, using the prepared electrospun fibrous
mats as skeleton, precursor sol containing surfactant F127, prehydrolyzed silicate and
organic solvent was impregnated into the electrospun polymer mats. After the
evaporation-induced self-assembly process and following removal of surfactant F127,
highly ordered mesostructured SiO; layer with thiol groups was formed on the surface
of electrospun fibers. The results revealed that, i) variable porosity and macropore
volume can be achieved through the adjustment of the surfactant concentrations, ii)
variable mesostructured SiO, layer such as hexagonal (p6mm) and cubic (Imgm)
structures. Further studies show that, the prepared material can be used as sorbents for
the removal of Cu®". Meanwhile, due to the hierarchical structure of binding sites,
meso- and macropores, the prepared self-standing membranes exhibited fast and high
affinity of Cu”” and can be recovered with facile regeneration process. Compared with
the former one-step fabrication method, this strategy presents higher controllability
and can fabricate multifunctional materials with better tunability that could find great
potentials on the preparation of various hybrid membranes in the fields of separation,
catalysis, and sensors.

3. Fabrication of electrospun metal-organic framework (MOF) fibers and
Electrospun nanofibrous mats as skeleton to produce self-supporting metal-organic
framework membrane with bimodal pore structure (Micro/Macropore). Based on the
electrospinning technique, metal-organic framework (HKUST-1 and ZIF-8) crystals

impregnated polymer fibers were fabricated. Furthermore, by using the electrospun
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ZIF-8 nanocrystals seeded nanofibrous mats as the skeleton self-supporting ZIF-8
membranes were successfully prepared via solvent-thermal synthesis. Further
dynamic gas permeation studies show that, the prepared ZIF-8 membrane exhibited
preferred affinity of CO, over N, and high permeability for both CO, and N, gas.

4. Fabrication of photonic MOF films through stepwise deposition on colloid
crystal substrate. By taking the surface modified polystyrene colloid crystal array as
the substrate, hybrid HKUST-1 film was fabricated through stepwise deposition
method. The results revealed that, the prepared material present specific optical
signals and could be employed for the investigation of the host-guest chemistry of
MOFs. Based on the adjustable surface properties of the colloid crystals array and
virtually unlimited tunability of MOFs, it is worth expecting for the design of more
functional MOF-based materials in a wide range of catalysis, and sensors application.

5. Fabrication of metal-organic frameworks (HKUST-1) with 3D-ordered
inverse opal structure. By taking the surface modified polystyrene colloid crystal
array as the template, stable HKUST-1 precursor solution containing the MOF
primary building blocks were infiltrated into colloid crystal template. Following the in
situ crystallization and the removal of polymer template, 3D-ordered macroporous
HKUST-1 film with specific optical signals was successfully fabricated. The results
revealed that, the obtained material can be served as a useful platform for
conveniently investigations of the host-guest chemistry of MOFs. Compared with the
former hybrid photonic MOF film, this 3D-ordered macroporous film exhibits faster
response time that can be applied in the fields of catalysis, separation and sensors.

In this thesis, we devote to develop facile and efficient approaches for the
fabrication of functional materials with hierarchical structures. By different methods,
the hierarchical structures materials have been developed and these new functional
materials combine advantages of each component from different levels. We are
confident that such high-performance hierarchical structured materials would possess

great potentials in the fields of adsorption-separation, catalysis and sensors.

Key W ords: hierarchical structure, electrospinning, mesoporous material,

photonics crystals, metal-organic frameworks
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