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Abstract

The one-dimensional atomic chains are the testing ground for
well-established theories of three-dimensional systems, and also of fundamental
importance for understanding the atomic structures, mechanical and electronic
characters of nanowires. The study of one-dimensional atomic chain systems
can also contribute to the apprehending of the process of nanowires stretched to
atomic chains. Recently, the studies of the structures and electronic properties of
low-dimensional atomic chains have become one of the hotspots in the
condensed matter physics. This is due to the great achievements of the
fabrication of stable gold monatomic chains suspended between two gold
electrodes in laboratories by two research groups. Since then there have been
tremendous interests in low-dimensional nanoscale systems from both the
experimental and theoretical physics. There are many reported studies including
various single atomic chains as well as alloyed metallic atomic chains. These
studies reveal that most metallic atomic chains have the most stable geometry —
the zigzag one, the structural stability of the atomic chains are strongly affected
by the outmost valence electrons. Therefore, the bonding characters can be very
much different in different atomic chains.

All the presently reported studies are about properties of atomic chains
with individual elements, none about a systematic study of the structural
stabilities and electronic characters with one whole main group elements. We
therefore presents in this thesis a systematic first-principle analysis of the

atomic and electronic structures and stability of the all alkaline earth (Be, Mg,



S

Ca, Sr, Ba) atomic chains by using the VASP program. We have calculated the
cohesive energies of one-dimensional structures of each alkaline earth metal,
and found their most stable structures and compare the commonness and
differences among these systems. We then analyze and compare the charge
densities, the band structures and the electronic density of states of these stable
structures. Our results show that all the alkaline earth can form stable zigzag,
ladder and linear chain structures. The zigzag structure of all alkaline earth
atoms has one and the only one most stable geometry with a bonding angle
closing to 60°. The linear structures are those with lowest cohesive energies and
the ladder structures are between linear and zigzag ones. We also found that Be.
Mg. Ca and Sr had semiconducting linear structures and Sr. Ba had
semiconducting zigzag structures, i.e., the energy gaps shown up in their bands
structures. Our calculations also show that, about the bonding characters, the
Be. Mg. Ca chains are similar to that of the Al atomic chain, the Sr and Ba
chains are close to those of Au. Zr atomic chains.

The innovation of this paper is that we have performed systematically
studies on atomic chains of all elements with the same main group and analyze
the differences of physical properties between these atomic chains. We also
analyze and compare the results with Au, Al and Zr systems. This study can
improve our understandings on the atomic structures, electronic properties and

other physical characters of atomic chains.

Key words:

Alkaline earth atomic chains; atomic structures; structural stability, electronic

structures; ab initio calculations
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