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Abstract

Geometries and potential energies (PE) for intermediates of “I-H-H” around the transition state
in the reaction of “I + Hp — HI + H” were calculated, and computer graphics (CGs) of PE in
two-dimension (2-D) and PE surface in three-dimension (3-D), ball-and-stick model,
electrostatic potential on electron density (EPED) of intermediate on the way of the reaction,
and the reaction profile were produced. CG animation composed of four CGs was proposed in
order to express images of the reaction.

1. Introduction

The reaction of simple molecule such as hydrogen halide and related compounds plays a
fundamental role in the development of chemical kinetics and theoretical chemistry [1].
Generally, reaction profile is used to represent relationship between potential energies (PE)
and reaction coordinate. The profile is often used in high school chemistry textbooks [2]. It is
sometimes difficult for learner to realize the meaning of reaction coordinate. Visualization of
computer graphics (CG) gives us great help to realize not only images of molecules but also
images for dynamical reaction mechanism. Visualization of PE surface in 3-D could clearly
provide images of reaction coordinate from the standpoint of subject on energy. A diagram of
PE surface in 2-D is often used, and limited number of analogues in 3-D is used in physical
chemistry textbook of university [3]. It is our aim to produce computer programs, which
provide realizable images of chemical reactions. Recently, the CG animation of esterification
of acetic acid and ethylalcohol based on quantum chemical calculations has been reported [4].
The animation could demonstrate the reaction profile and structural change of the molecules
with ball-and—stick model on screen.

The reaction of “1 + Hy — HI + H” is often used for explanation of reaction rate and
chemical equilibrium in Japanese high school [2d], but the reaction path and the change of PE
during reaction are explained by ambiguous expression based on old model [5]. Mechanism of
the reaction has been reported that HI formation progressed as following elementary reactions

[6].

l, — 21 (Eq. 1)
|+ H,> HI+H (Eq.2)
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H+1— HI (Eq. 3)

We developed the program of the rearrangement of diatomic molecule and one atom by
collision. The program provides information concerning changes of PE and realistic image of
intermediate in the Eq. 2, which leads to better understanding of reaction profile.

2. Procedure

2.1 Calculation based on quantum chemistry

The semi-empirical molecular orbital calculation software MOPAC in the CAChe Work
System for Windows ver. 6.01 (Fuyjitsu, Inc.) with PM3 Hamiltonian was used in all of
calculations for optimization of geometry by the Eigenvector Following method, for search of
potential energies of various geometries of intermediates by use of the program with
Optimized map, for search of the reaction path from the reactants to the products via the
transition state by calculation of the intrinsic reaction coordinate (IRC) [7]. The electrostatic
potential on electron density (EPED) was calculated based on structures from the results of the
IRC calculation.

2.2 Production of potential surface

Data of potential energies and geometries of intermediates were extracted from the
“energy.map” file from the calculation of Optimized map, and these were pasted on the
worksheet of Excel 2007 (Microsoft). Potential energy surface in 3-D was drawn by the Excel.

2.3 Production of CG software
CG was drawn by the CAChe (Fujitsu, Inc.) and Power point 2007 (Microsoft), and CG
animation was produced by the Flash 8

software (Macromedia, Inc.). “ I+ H, HI + H
3. Results and discussion
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is there around 4.0 A of Ry
and 0.7 A of Ryn, and the
secondarily lowest PE is around 1.6 A of Riy and 3.0 A of Ryn. The transition state is located
near the point of 1.6 A of Ry and 1.8 A of Ryp. The vibrational analysis of the intermediate
was performed by use of the program FORCE in MOPAC. A single absorption peak in the
negative region was found at ca. -762.34 cm™. The result indicates vibrational mode due to the
decrease of potential energy for the direction of only one path via a true transition state at the
saddle point. The reaction path from the reactants to the products via the transition state was
searched by the intrinsic reaction coordinate (IRC) calculation [7] in MOPAC. After the
calculation, each reaction path from the transition state to the state of the reactants or reaction
path from the transition state to the state of the products was searched. Total number of 75
steps means the same number of geometries of intermediates on allover the reaction path were
obtained.

Figure 2 clearly shows these changes of PEs with display on PE surface in 3-D, which

offers a bird-eye view of the reaction profile. Two Valleys of lower energies and hilltop on the
3

Figure 2  Potential Energy Surface in 3-D



transition state at the saddle point can be recognized boldly. Possible pathways of the reaction
from the reactants of I and H, to the products of HI via the transition state at saddle point can
be readily traced.

3.2 Electrostatic potential in the
transition state Color boundary for
The electrostatic potential [9] was Electrostatic Potential
calculated based on the coordinates
of atoms from the IRC calculation
and superimposed on to the
iso-surface of the electron density at
the value of 0.01 e A as shown in
Figure 3. The values of electrostatic

pOtentiaIS were rep resented in Figure 3  Electrostatic potential on electron
different color on the model of density (EPED) of the intermediate

intermediate in the transition state,

and figure legend of color boundaries for electrostatic potential was also listed. Distribution of
the electrostatic potential among the intermediate can be seen by the colors. For example,
both ends of H, molecule are positively charged with relative value of +0.09 based on
evaluation of energy of interactions of prove proton to the charge of iso-surface. The model by
EPED provides information about electrostatic distribution of the intermediate with realistic
shape on the way of the reaction.

3.3 Visualization with CG animation

Four CGs of the PE in 2-D and PE surface in 3-D, ball-and-stick model, electrostatic
potential on electron density (EPED) of intermediate, and reaction profile were made and
combined in Figure 4. The ball-and-stick model and EPED show skeletal structure of the
intermediate and electrostatic potential, correspondingly. The reaction profile demonstrates the
degree of the reaction progress by the ball indicating PE vs. reaction coordinate. This
combined CG is able to provide information about characteristics of intermediate of molecule
in a certain state on the progress of reaction simultaneously. The combined CG leads up to
pertinent acquisition of dynamical images of the chemical reaction.

CG animation was created by use of combination CGs. The animation demonstrates the
changes of electrostatic potential and realistic shape of the intermediate of the reaction on the
reaction profile in all stages at the same time. The ball on the reaction profile can move by
users’ choice of the way of automatic movement or manual movement along the reaction
coordinate, which indicates the most probable pathway of chemical reaction according to the
IRC theory [7]. The CG animation synchronized with the movement of the ball on the reaction

profile by use of the Quick Time control bar so that the degree of the reaction progress and
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chemical equilibrium of the material™ in the high school chemistry textbook [2] and also in the
university textbook [3].

4. Conclusion

Geometries and PE for intermediates of “I-H-H” around the transition state in the reaction
of “I + Hy — HI + H” were calculated. The intermediate on the transition state was formed at
the point of Ry of 1.651 A and Ruy of 1.866 A. This intermediate was supported by the
method of IRC. CGs of the PE in 2-D and PE surface in 3-D, ball-and-stick model,
electrostatic potential on electron density (EPED) of intermediate, and reaction profile were
made and combined. CG animation composed of four CGs was made in order to express
images of the reaction. The animation demonstrates the changes of PE and skeletal structure
and electrostatic potential of the intermediate on the reaction profile in all stages,
simultaneously.
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