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In this dissertation research, the ab initio calculation procedures at
various levels have been employed to study the structures and properties of some
molecular ions, including the copper-water negative ion clusters, the C.N~
clusters and the hexa-coordinate phosphorus intermediate for the phosphoryl
ester exchange and N—0O migration reactions of dimethyloxyphosphoryl-threonine.

In the study expressed in Chapter 1, the equilibrium geometries of Cu”
(Hz20)» and CuOH (H20)»-:(n = 1 and 2) negative ion clusters have been optimized
by performing the ab initio calculations at the second-order M¢ller-Plesset
(MP2) approximation with extended basis sets. For comparison, the geometries of
X" (H:0).(X = F, Cl, Br and I) are optimized at the same level of approximation.
The calculated results show that all hydrogen atoms in the equilibrium
geometries of Cu " (H:0)-(n = 1 and 2) are equivalent to each other, which is
contrasted to the geometries of X (H:0)., where one of hydrogens of H:0 is more
strongly bonded to X°. The detailed comparative study leads to elucidating the
determining factor of the most stable geometries, and allows us to estimate the
ionic radius of Cu” ion as 1.862. The MP4SDTQ procedure has been performed at
the geometries optimized with the MP2 approximation to evaluate the vertical
electron detachment energies as well as hydration energies, and the calculated
vertical electron detachment energies as well as hydration energies are very
close to the corresponding experimental data.

The results for the investigation of the C.N~ clusters are reported in
Chapter 2. In a recently published report on the time-of-flight massk
spectrometry studies and ab initio RHF/3-21G calculations of the CaN™ clusters
(n =1 to 13), Wang, Huang, Liu and Zhang claimed that all the C.N™ clusters
(n =1 to 13) should be linear chains. In this chapter, they present the new
results obtained from a series of ab initio calculations on the ground states of
the CaN™ clusters anions. The results calculated at different approximation
levels reveal that the geometries of the CaN~ determined at the levels without
using the polarization functions is qualitatively incorrect, and that the
diffuse functions of the two atoms at the two end-points of the CsN™ chains and
the higher-order electron correlation correction are important in evaluating the
vertical electron detachment energies (VDEs) of the C.N~ anions. It is
concluded from the calculated results that for the singlet ground states, only
the linear structures of CN™, C:N7, C:N7, and CsN™ are stable, and the linear
structures of the other CaN'(n = 4 and 6 to 13) are not at the local minima on
the potential energy surfaces. The VDEs and fragmentation energies of CaN (n =
1 to 7) in their ground states are evaluated with the MP4SDTQ method at the MP2

geometry using 6-31G(d) except for two end atoms of each chain, to which a set
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of diffuse sp functions are augmented. The calculated VDEs and fragmentation
energies all show that the CuN~ clusters with odd n are more stable than those
with even n, which is consistent with the observed even-odd alternation of the
TOF signal intensities.

Reported in Chapter 3 are the results for the study on the hexa-
coordinate phosphorus. Recently observed unusual chemical reactivities of the
N-phosphoryl amino acids reveal that a special hexa-coordinate phosphorus
intermediate may exist in the reaction process. It looks unstable and has not
been observed directly. In this study, they report results obtained from
ab initio calculations on the structures of the dimethyloxyphosphoryl-threonine
and the corresponding hexa-coordinate phosphorus intermediate. The calculated
results indicate that the hexa-coordinate phosphorus intermediate is a stable
structure because it is associated with a local minimum on the potential energy
surface, which supports the hypothesis derived from the experimental studies.
All the P-0 and P-N bonds in the intermediate should be much more active because
their bond lengths are much longer than the corresponding single bonds in the
reactant and product. By use of the calculated results, it is very easy to
understand the reactivities of the dimethyloxyphosphoryl-threonine and other
similar dialkyloxyphosphoryl amino acids.

The Chapter 4 gives some further discussion and general conclusion for

the quantum chemical studies on the various molecular ions.
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