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Abstract

Multiple-element nanoclusters, having heterometal and/or metal-organic bonds, have
attracted much attention as basic building blocks of future advanced nanomaterials because they
exhibit intriguing thermodynamic, chemical, electromagnetic, and optical properties beyond the
characteristics of each element. Understanding the nanoclusters’ remarkable properties in terms
of their unique geometric structures and electronic states is not only essential to elucidate the
mechanism involving these properties, but also important for strategic creation of novel
multiple-element nanoclusters optimized for a specific functionality. Since their properties
strongly depend on cluster size and composition, multiple-element nanoclusters should be
characterized at atomic scale to obtain information on their geometries and electronic states.
Therefore, this study focuses on the gas-phase synthesis of multiple-element nanoclusters by
laser vaporization method, which can fabricate isolated and size-selected nanoclusters ideal for
physical property measurements. In the study, the efficient gas-phase synthesis of the anionic
species of transition-metal-benzene clusters, known for their geometric anisotropy, is
demonstrated, and anion photoelectron spectroscopy is combined with quantum chemical
calculations to investigate their detailed geometries, electronic states, and related magnetic and
spintronic properties. In addition, the development of a new gas-phase synthesis instrument for
multiple-element nanoclusters, encouraged by versatility of laser vaporization method, is
propelled with improvements on the synthetic rate and durability, where perspectives are for
advanced functional multiple-element nanoclusters.

In Chapter 1, the background and the content of each chapter in this thesis are described.

In Chapter 2, the gas-phase synthesis of multiple-element nanoclusters by laser vaporization
method and the principles of anion photoelectron spectroscopy and quantum chemical
calculations are described in detail.

In Chapter 3, an establishment of efficient gas-phase synthesis is demonstrated for vanadium
(V)-benzene (Bz) cluster (V,Bz,) anions, and the investigation of the geometries, electronic
states, and related properties of the clusters is described. It is confirmed that both V,Bz,;; and
their anions exhibit multiple-decker sandwich structures, additive increase of their magnetic
moments, and possible spin filter functionality.

In Chapter 4, the geometric and electronic structures of V,Bz, and V,Bz, ;, mono- and
dibenzene-eliminated species from V,Bz,.;, are described. It is demonstrated that the smaller
size species (n < 3) have quite different structures depending on the number of benzene molecules, while
the multiple-decker sandwich structures and related functions are kept for the clusters with n>4.

In Chapter 5, the structures and properties of gas-phase synthesized manganese (Mn)-benzene cluster
(Mn,Bz,,) anions are assessed. The novel tilted multiple-decker sandwich structures, unique formation
mechanism by sequential Mn;Bz; addition, and related magnetism of the anions are unveiled.

In Chapter 6, the development of the new instrument for gas-phase synthesis of multiple-element
nanoclusters are described. Transition-metal-silicon cluster cations are stably produced with a control of
cluster size, by laser vaporization using a 100 Hz pulse, which is 10 times that of the conventional one.

In Chapter 7, the results in this thesis are summarized.




