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Abstract

This thesis focuses on metal nanoparticle-catalyzed hydrogen generation from liquid-phase
chemical hydrogen storage materials. The introduction describes history and development of
liquid-phase chemical hydrogen storage materials and their activation by heterogeneous metal
nanoparticle catalysts. These catalysts are synthesized with size- and composition-controlled
structures, and show synergistic effects between/among metals. In the subsequent chapters, the
results obtained in the Ph.D. works are presented, which include the syntheses, characterizations of
these functionalized metal nanoparticles and their applications as heterogeneous catalysts for
hydrogen generation from hydrolysis of ammonia borane and decomposition of hydrous hydrazine.
Triple-layered Au/Co/Fe core-shell NPs were synthesized by noble one-step procedure, which
e);hibit high activity for hydrolysis of ammonia borane. Monometallic and bimetallic
dendrimer-encapsulated nanoparticles (DENs) were synthesized by complexation of metal precursor
cations to the internal tertiary amines of hydroxyl terminated, poly-amidoamine (PAMAM)

" dendrimer followed by reduction step, which are highly efficient for decomposition of hydrous

hydrazine and hydrolysis of ammonia borane. The research results of this dissertation are

summarized as follows.

(i) One-Step synthesis of magnetically recyclable Au/Co/Fe triple-layered core-shell
nanoparticles as highly efficient catalysts for the hydrolytic dehydrogenation of ammonia

borane:

- Magnetically recyclable Au/Co/Fe core—shell nanoparticles have been successfully synthesized
via a one-step in situ procedure. Transmission electron microscope, energy dispersive X-ray
spectroscopic, and electron energy-loss spectroscopic measurements revealed th‘at the trimetallic
Au/CofFe NPs have a triple-layered core—shell structure composed of a Au core, a Co-rich
inter-layer, and a Fe-rich shell. The Au/Co/Fe core—shell NPs exhibit much higher catalytic activities
for hydrolytic dehydrogenation of ammonia borane than the monometallic (Au, Co, Fe) or bimetallic
(AuCo, AuFe, CoFe) counterparts.

(ii) Dendrimer-encapsulated bimetallic Pt-Ni nanoparticles as highly efficient catalysts for

hydrogen generation from chemical hydrogen storage materials:
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Bimetallic Pt-Ni dendtimef—encapsulated nanoparticles (DENs) with different Pt/Ni ratios have
- been successfully synthesized through the co-complexation of Pt2* and Ni** cations to the internal
tertiary amine of fourth-generation hydroxyl-terminated poly(amidoamine) dendrimers (G4-OH)
followed by coreduction by NaBH, in aqueous solution. The catalytic activities for the
decomposition of hydrous hydrazine and the hydrolysis of ammonia borane over the Pt-Ni DENs
have been studied in aqueous solution, and the Pt-Ni DENs show high catalytic performances for
these hydrogen-generation reactions. TEM measurements reveal that the size-controlled Pt-Ni NPs,
which have an average particle size of 1.1 + 0.3 nm, are encapsulated in the G4-OH dendrimer.

(iii) Dendrimer-encapsulated Co nanoparticles as hlgh-performance catalyst for hydrolysis of
ammonia borane:
L

Dendrimer-encapsulated Co nanoparticles have been successfully synthesized ﬂxr;)ugh
complexation of Co®" cations to .internal tertiary amine of sixth-generation hydroxyl-terminated
poly(amidoamine) dendrimers (G6-OH(Co)) followed by reduction by both sodium borohydride
and ammonia borane in aqueous solution. The highly dispersed G6-OH(Cog) DENS, in which the
average diameter of Co NPs is about 1.6 £ 0.4 nm, have been confirmed by TEM analysis. Catalytic
activities of G6-OH(Cog) DENs for hydrolysis of AB have been studied in aqueous solution at
different reaction temperatures and show a high catalytic performance.

In summary, this dissertation focuses on the synthesis of metal nanoparticles functionalized by
stabilizing agents with novel structures, shapes and narrow size distributions, and the investigation

of catalytic application to high-performance hydrogen generation from liquid-phase chemical ~

hydrogen storage materials, such as ammonia borane and hydrous hydrazine.
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