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Part I
Ab initio interaction energies have been fitted to the analytical potential

function for the following reaction:
[Pt(dien)C1]*+H.0 _ [Pt(dien)(H:0)]*"+C1".

As the model of this reaction, they replaced diethylenetriamine (dien) by three
ammonia molecules to simplify the system and divided the reacting system [Pt
" (NHs)sC1(H20)]" into three fragments, [Pt(NH:)s1%",C1™ and H:0. They fixed their
geometries at the experimental values by assuming that the geometries of each
fragment do not change during the reaction and treated as rigid body molecule.

Ab initio two-body interaction energies are fitted to Honda-Kitaura potential
function for the pairs [Pt(NHs)s1%*...C17,Pt(NHs)s]%*... H:0, C17...H:0 and H:0...
H:0. For each pair, the resulting potential functions reproduced ab initio
interaction energies and structures well. Assuming pairwise additivity of the
potential energy, the potential function overestimated the potential energy of
the system in comparison with ab initio interaction energy of entire complex. By
comparing two-body potential energy surfaces with those of ab initio calculation
for each pair, they found that the potential function reproduced ab initio two-
body potential energy surface fairly well and a large difference between ab
initio interaction energy and pairwise potential energy was not due to the
fitting error but due to the existence of three-body effect. They denote this
energy as the three-body energy. The three-body energy has large repulsive force
around transition region and plays an important role for forming the transition
state.

They have analyzed the origin of the repulsive three-body effect, and then
obtained the expressions of that from intermolecular perturbation theory. Based
on these expressions, physically meaningful potential functions were obtained.
[n this study, they fitted three-body energy to following three terms as three-
body potential function:(l1)exchange interaction among [Pt(NHs)s]1**, C1™ and H:0,
(2)coupling between charge-transfer from Cl™ to[Pt(NHs)s]*"with that from H:0 to
[Pt(NHs)s]%**, (3)change in the [Pt(NHs)s]®"...H20 and C17...H:0 electrostatic
interactions caused by charge-transfer C1~ - [Pt(NH:):]*" and change in the
[(Pt(NHs)s1%"...C1" and C1™...H:0 electrostatic interactions caused by charge-
transfer H.0-[Pt(NHs)s]®". With the new potential function containing the three-
body potential in addition to pairwise potentials, the total ab initio
interaction energy of the entire complex can be fitted quite well, reproducing
its behavior in the transition state region for the exchange reaction.

As the preliminary calculation, molecular dynamics simulation was performed



for the gas-phase reaction ([Pt(NHs)s]*",Cl1™ and H:0), which atarted form
transition state with 0K under microcanonical ensemble. In gas-phase, they
observed the reaction rebound to transition state after passing through the
product. Before carrying out molecular dynamics of the reaction in water cluster

they have examined the change of the potential energy surface by combining the
intrinsic reaction coordinate (IRC) and Monte Carlo (MC) method. From the MC
calculation along IRC with 22 water molecules, they found that the solvation
energy of the solute ([Pt(NH:)s]*", Cl1™ and H.0) becomes higher as reaction
progressed. As a result of this, the transition state seems to move to product

side.

Partn

They have investigated the reaction mechanism of the reaction,

SOs + nH:0 — H:S0, + (n-1)H:20,

for n=1 and 2, by ab initio molecular orbital method. By the preliminary
geometry search at the HF/3-21G6(") level, they found only one isomerization
mechanism for n=1 and five isomerization mechanisms for n=2. For n=1, they found
the mechanism passed through the four-centered transition state, and for n=2,
the mechanism passed through the six-centered transition state as a most stable
path. After geometry optimization at the MP2/6-311+G(d, p) level, energies were
calculated at the MP4SDQ/6-311+4+G(d, p) level. At this level, the relative
energies with zero-point energy corrections of the transition state are 23.8 and
-3. lkcal/mol for n=1 and 2, respectively. From these energies, one can conclude
that the reaction for n=1 does not take place and S0;(H:0) is the only product
of this reaction. For n=2, they have examined four types of gas-phase reaction
to produce sulfuric acid : (1) simultaneous interactions among three molecules,
(2) the reaction of SOs with water dimer, (3) the reaction of the S0s(H.0) adduct
with water, (4)isomerization reaction of the SOs(H:0): adduct. The reaction (1)
takes place without barrier, but this reaction seems hard to prepare this
condition for experiment. The barrier heights of the reaction (2), (3) and (4)
are 0.6kcal/mol, 4.8kcal/mol and 13.8kcal/mol at the MP4SDQ//6-311+G(d,p) level
with zero point energy correction, respectively. From these results, the
reactions (2) and (3) take place easily, and reaction (4) is harder than (2) and
(3). Experimentally, the reaction (2) would be a most favorable mechanism.

Heat of reaction of the reaction H2S0,—S0s+H.0 at the MP4SDQ/MP2/6-311+G(d,p)
level was compared with experimental value. According to our calculations,
experimental value is rather close to the reaction of H:S0,(H:0)->S0s+2H:20. By
assuming the correction for polarization functions and higher order correlation
corrections are approximately independent, the relative energy at the QCISD(T)/

6-311+G(3df, 2p) level 1is estimated. Heat of reaction is still close to the



reaction H=S0,(H:0) — S0:+2H.0 at this level.
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