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Abstract

The dissertation was devoted to the theoretical study on beryllium-doped
carbon cluster anions BeCy(n=1-8), BeCn*(n=4-14) and fluorine-doped carbon
cluster anions CpF(n=1-11). Using the software of molecular graphics we
designed numerous models, and carried out initial geometry optimization with
molecular mechanics. Geometry optimization and calculation of vibration
frequencies were conducted by means of B3LYP/6-31G* method. To ascertain the
ground-state structures, the single point energies were calculated at the
B3LYP/6-311+G* level. Based on NBO charge calculations and the analyses of
valence bond structures, we summarized the structural rules of anionic clusters.
The trend of odd/even alternation in accelerator mass spectrometry can be
explained according to the variation of bonding character, electronic configuration,
electron detachment energy, and incremental binding energy. Knowledge acquired
in this dissertation can provide helpful information for further theoretical studies.

Main results and conclusions were summarized as follows:

1. BeCy (N=1-8)

The ground-state isomers of BeC,y(n=1-8) are linear in structure with the
beryllium atom located at one end of the C,, units, except for BeCs". For the chain
with even number of carbon atoms, the bond lengths and bond orders suggest a
polyacetylene-like structure, whereas for those with odd number of carbon atoms,
the data suggest a cumulene-like arrangement. The anionic clusters with “even-n”
are more stable than those with “odd-n”. The trend of odd/even alternation can be
observed from the variation of bonding length, positive charge of beryllium atom,
electron affinity, incremental binding energy, and dissociation channels. The
results of calculation are in good agreement with the relative intensity of the BeCyy’

species observed in AMS studies.



2. BeCy2(n=4-14)

The ground-state structures of BeCp>(n=4-14) are linear with the beryllium
atom located inside the C, chain. For the side chains with an even number of
carbon atoms, the bond lengths and bond orders suggest a polyacetylene-like
structure, whereas for the side chains with an odd number of carbon atoms, the
data suggest a cumulenic-like arrangement. The dianionic clusters with “even-n”
are more stable than those with “odd-n”. The trend of odd/even alternation can be
explained according to the variation of bonding character, electronic configuration,
electron detachment energy, and incremental binding energy. The results of
calculation are in good agreement with the relative intensity of the BeCy” (n=4-14)
species observed in experimental studies.

3. ChF(n=1-11)

Except for CpF(n=5, 10, 11), the ground-state structures of CyF are
near-linear configurations with the beryllium atom located at one end of the Cp
units. The ground-state structure of CsF ™ is a planar structure with two C, units
connected to the carbon atom of the FC unit, and the ground-state structures of
ChF'(n=10, 11) are the planar structures in which a Cp ring is connected to a
fluorine atom. The clusters with “even-n” are more stable than those with “odd-n”.
The odd/even alternation trend can be explained according to the relative energy,
electron affinity, and incremental binding energy. The results of calculation are in
good agreement with the experimental phenomena observed in mass spectrometric

studies.

Keywords: Beryllium/Fluorine-doped carbon cluster anions, Even/odd alternation,

Density function study
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