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Abstract

This dissertation mainly contains two parts: one is the utilization of metal-organic
framework (MOF) as a host matrice for immobilizing metal nanoparticles (MNPs) and
the use of the fabricated MNP@MOF composites as catalysts for catalytic hydrogen
gencration from ammonia borane (AB), and the other is the utilization of MOF as a
template/precursor for nanoporous carbon (NPC) material synthesis and the use of the
resultant NPCs as supports of Pd electrocatalysts for methanol electrooxidation.
Non-noble metal-based (AuCo) and non-noble bimetallic (CuCo) alloy nanoparticles
were successfully encapsulated in the pores of MIL-101, a chromium-based MOF,
which exhibit high catalytic activities for hydrolytic dehydrogenation of AB.
Hierarchically porous carbon was synthesized by direct carbonization of assembled
nanoparticles of zeolitic imidazolate framework (ZIF-8), which has becn used as
support for Pd clectrocatalyst for methanol electrooxidation in alkaline media for the
first time. The main research results of this dissertation are summarized as follows,

() Highly active AuCo alloy namoparticles cneapsulated in the pores of
metal-organic frameworks for hydrelytic dehydrogcenation of ammonia borane

Ultrafine AuCo alloy nanoparticles were successfully encapsulated in the pores of
MIL-101 without aggregation on the external surfaces of the host framework by using
the double solvents method combined with the overwhelming reduction approach, as
demonstrated by transmission electron microscopic (TEM) and high-angle annular
dark-field scanning TEM (HAADF-STEM) analyscs. The ultrafine AuCo alloy NPs
inside the mesoporous MIL-101 exhibit much higher catalytic activity for hydrolytic
dehydrogenation of AB in comparison with their monometallic Au and Co counterparts.
To the best of our knowledge, this obtained activity is the highest for supported Co and
Co-based catalysts ever reported for hydrolytic dehydrogenation of aqueous AB.

(if) Non-noble bimetallic CuCo nanoparticles encapsulated in the pores of
metal-organic frameworks: synergetic catalysis in the hydrolysis of ammonia
borane for hydrogen generation
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Non-noble bimetallic CuCo alloy nanoparticles were successfully encapsulated in
the pores of MIL-101 by using the double solvents method combined with the
overwhelming reduction approach, which display remarkably cnhanced catalytic
activity for hydrolytic dehydrogenation of AB to gencrate a stoichiometric amount of
hydrogen at room temperature for chemical hydrogen storage, which presents the first
example of MOF-supported non-noble bimetallic catalysts for the hydrogen generation
from hydrolysis of AB. The synergetic effect between copper and cobalt species plays
an important role for the improved performance in the catalytic hydrolysis of AB.

(iti) Pd nanoparticles supported on hierarchically porous carbon derived from
assembled nanoparticles of zeolitic imidazolate framework (ZIF-8) for methanol
electrooxidation

We, for the first time, use the hierarchically porous carbons with both micro- and
mesopores ablained from direct carbonization of assembled nanoparticles of ZIF-8
[Zn(MelM)y; MeIM = 2-methylimidazole] as support for Pd electrocatalysts for
methanol electrooxidation in alkaline media. At the carbonization temperature of
1000 °C, the highest surface area (1105 m? g”') and the largest pore volume (0.95 cm®
¢") of ZIF-8-derived carbon (ZC) are achieved. The Pd/ZC-1000 catalyst is the most
active and electrochemically stable among the Pd catalysts supported on ZCs preparcd
at 800-1100 °C. Moreover, the catalytic activity of Pd/ZC-1000 is 5 times higher than
that of Pd supported on the commercial carbon black Vulcan XC-72R at the same Pd
loading. The ZC-1000 with unique physical properties and high clectrochemical
performance will be a promising catalyst support for the application of direct methanol
fucl cell.

In summary, this dissertation focuses on the fabrication of a series of MOF-based
materials, that is, the composites of metal nanoparticles with MOFs and MOF-derived
carbons, and their applications as heterogeneous  catalysts for hydrolytic
'dchydmgenation of ammonia borane and methanol electrooxidation. '
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