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Abstract: As neighbors in the periodic table, boron and carbon share some similarities. They both have multiple allo-
tropes with high melting temperatures and can form strong covalent bonds through catenation. While the investiga-
tion of carbon clusters led to the discovery of a rich variety of nanostructures from the fullerenes to carbon nano-
tubes and graphenes, relatively little was known about boron nanoclusters. Using photoelectron spectroscopy of 
size-selected anions in combination with computational chemistry, my lab and our collaborators have systematical-
lyinvestigated small boron clusters and found that they all possess planar structures,1 in contrast to that of bulk bo-
ron, which is dominated by three-dimensional polyhedral building blocks. The propensity for planarity was found to 

be a result of both σ and π electron delocalization over the molecular plane. We discovered that the B 36 cluster has 
a highly stable planar structure with a central hexagonal vacancy, providing the first experimental evidence for the 
viability of single-atom boron-sheets with hexagonal vacancies, and coined the name “borophene”.2 Borophenes 
have since been synthesized and characterized on inert substrates, becoming a new class of synthetic 2D materials. 
We have found recently that the B 48 – cluster possesses a bilayer structure, suggesting the feasibility of bilayer 
borophenes. I will discuss these advance on boron nanoclusters, as well recent work on metal boride clusters. We 
have found that transition metals can be doped into the plane of boron clusters, suggesting the possibility of metallo
-borophenes.3 However, lanthanide doped boron clusters form half-sandwich or inverse-sandwich structures,4 as 
well as unprecedented lanthanide boron cage clusters.5 
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His research group has developed photoelectron spectroscopy techniques to investigate the size-dependent elec-
tronic structure and chemical bonding of nanoclusters. More recent work in his lab has focused on the study of the 
structures and bonding of size-selected boron and boride clusters. His lab has also pioneered electrospray and cryo-
genic ion trap techniques for photoelectron spectroscopic studies of free multiply-charged anions and complex solu-
tion molecules in the gas phase. Recently, they have been focusing on the investigation of polycyclic aromatic hydro-
carbon anions and nonvalence excited states in anions using cryogenic photodetachment spectroscopy and reso-
nant photoelectron imaging. 
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