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In spite of the immense researches and applications of nanomaterials in almost all modern scientific fiel
ds, the stabilization of nanomaterials while maintaining their interesting and useful properties still remains
as a big problem. One of the effective solutions is to support nanomaterials onto a substrate or to asse
mble them in a controlled manner where they are self-supported. The generation of a heterogeneous nano
scale interface between the nanomaterial and the substrate possibly results in dramatic change of the che
mical properties of the material. Another issue however arises despite of the great potentials. In order to
maximize the efficiency of the reaction or interaction at the supported nanoscale interface, full accessibi
lity of the guest molecules to the reactive or interactive sites become necessary. Here hierarchically poro
us monolithic materials serve as good substrates for the embedment of nanoscale interfaces. The 3 dimen
sionally interconnected macropores (dpore > 50 nm) ensures efficient mass transport over the whole substr
ate, especially when a pressure driven flow is applied. Meanwhile a network of mesopores (2 nm < dgore
< 50 nm) and micropores (dpore < 2 nm) veined in the continuous skeletons provides high surface area
as well as enormous short diffusion passes to the reactive nanoscale interfaces. In this thesis, various me
thods to introduce nanoscale interfaces into hierarchically porous monoliths are demonstrated. The obtaine

d monolithic materials are found applicable to separation, ion adsorption and catalysis.

In chapter 1 an in-situ nanoscale interface generation method was tried for the introduction of Ag NPs
into a hierarchically porous silica monolith. Homogeneous distribution of Ag NPs over the whole monol
ith was achieved via the reduction of Ag* by ethanol at room temperature, which offered a mild and co
ntrolled reduction kinetics. In order to enhance the separation performance of Ag NPs embedded silica
column, a hierarchically porous silica monolith with optimized porous structure was used and the obtaine
d monolithic material is applied for HPLC separation of various unsaturated organic compounds.

In chapter 2 an in-situ transformation method was applied for the synthesis of hierarchically porous tita
nium phosphate (TiP) monolith from a hierarchically porous titania monolith as the substrate. Simply by
reacting a hierarchically porous titania monolith with phosphoric acid of different concentrations at diffe
rent reaction conditions, a series of hierarchically porous crystalline TiP monoliths (Ti203(H2PO4)2 - 2H>

O, n-TiP and a-TiP) with high mechanical properties were for the first time achieved.

In chapter 3 successes in the transformation of titania monolith into TiP monolith preserving the origina
I macroporous structure led to the attempt for the synthesis of TiP particles from titania particles. Syste
matic study was carried out leading to the availability to various TiP particles with novel nature-mimicki
ng morphologies simply by changing the reaction parameters. The concentration of phosphoric acid and t
he reaction temperature are two important factors for the determination of pH value in the reaction mixt
ure.

In chapter 4 sol-gel method for the direct synthesis of hierarchically porous TiP monolith from ionic pr
ecursors was demonstrated. The incorporation of both glycerol and DMSO in the gel network via coordi
nation successfully suppresses the otherwise heterogeneous polymerization of titanium phosphate network
and leads to the formation of monolithic gel consisting of smaller TiP nanoparticles, the interstitials of
which are the origin of relatively large mesopores (21 nm). Crystallization of the starting amorphous gel

network is by solvothermal treatment in EG, which transforms the amorphous globular TiP nanoparticles

into platy layered nanocrystals. The control of nanocrystal size can be achieved by changing the temper




ature of the solvothermal treatment. Such phenomenon is for the first time observed in TiP systems.

In chapter 5 sol-gel method accompanied by phase separation as a direct synthetic method for monolithi
¢ materials embedded with nanoscale interface was further applied for the preparation of crystalline mono
lithic materials with zirconium phosphate (ZrP) as an example. Hierarchically porous ZrP monoliths wit
h high surface area (600 m? g!) and size-tunable co-continuous macropores have been obtained. The me
chanically robust as-synthesized ZrP monolith has been applied for ion adsorption. The monolith has be
en tightly inserted into a syringe and applied to the removal of various metal ions in aqueous solution u
nder a continuous flow condition, which shows promising results as a water purification device.

In chapter 6 application of hierarchically porous ZrP monolith as acidic catalyst for the dehydartion of
xylose was demonstrated. ZrP monolith calcined at 600 °C carries a large fraction of medium strong aci
dic sites and a small fraction of strong acidic sites. Judging from 31P NMR spectra and the catalytic pe
rformances, calcination at 600 °C led to the decrease of Brgnsted acid sites and increase of Lewis acid
sites as compared with the as-synthesized ZrP monolith. The existence of both acidic sites lowered the
overall activation energy for the reaction and high selectivity towards furfural yield was achieved at 170
°C (TON as 8.7 mmol g* h™!) with as-synthesized hierarchically porous ZrP monolith.

In chapter 7 Sol-gel method was again proven as a versatile methodology for the synthesis of metal zir
conium phosphate macroporous monolithic ceramics with various compositions. A homogeneous distributio
n of the metals in the gel has successfully been achieved, because the presence of a small amount of gl
ycerol as a solvent with high boiling point prevents metal salt from recrystallization during the drying pr
ocess. Polycrystalline metal zirconium phosphate macroporous monoliths were obtained after calcination at
1000 °C. Ultralow thermal expansion (coefficient of thermal expansion (CTE) as 1.4 x 1078 K™) over a
wide temperature range (38 °C to 1000 °C) together with sufficient mechanical properties has been dem
onstrated (flexural modulus as 8.0 GPa from 3-point bending and Young’s modulus as 1.9 GPa from uni
axial compression). As compared with dense ceramics of the same composition, the lower CTE value is
observed and can be attributed to the presence of nanometer-sized small pores in the macropore skeleton
s, which absorbs the anisotropic thermal expansion of each crystallite at elevated temperatures.
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