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WINMOPAC 7.21 and the MNDO-PM3 software are two semi-experimental theoretical

programs used in this work to analyze the thermal and physical properties of the SilsH
molecule. After adjusting the Si-H bond's length to satisfy the minimal formation energy at
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standard temperature (298 K), Reaction characteristics such as electronegativity, molecular

Physics hardness, electronic affinity, and ionization potential — which equaled 6.912779 eV, 3.37808
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eV, 3.534699 eV, and 10.290859 eV — as well as the HOMO-LUMO energy gap were
estimated in order to better understand the nature and reactivity of the molecule. Furthermore,
an estimate of the molecule's thermal properties was made.
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1. Introduction

Due to their wide range of uses, semiconductor
halide compounds are very important from a
scientific and industrial standpoint. This has piqued
scientists' interest in both theoretical and practical
research on these compounds' features. Triiodosilane
is a nonlinear silicon halide molecule that is
significant because it can be used to deposit silicon
atomic layers on a variety of microelectronic device
structures. [1]. The molecule has nine vibrational
modes, all of which are in the far- and mid-infrared
spectrum [2,3]. In this study, the MNDO/PPM3
method was used with the WINMOPAC 7.21
program to calculate and study the thermal properties
and some physical properties of the SiHI; molecule.

The theoretical treatment of molecular spectra for
the calculation of thermodynamic properties and
balanced geometry (obtaining the best balanced and
stable shape of the molecule) and the energy of the
molecular levels of the compounds was greatly
impacted by the rapid development of software and
the incredible speed at which computers could
perform calculations. These methods and software
were developed using the Schrodinger equation and
approximations of its solutions, and they adopted two
directions: one that did not rely on quantum
mechanics, and the other that did. These treatments
are commonly referred to as semi-experimental
methods.

2. Approach

By using the molecule's geometrical advantage
and altering it multiple times, the length of the Si-H
bond at equilibrium can be found by computing the
energy for each iteration. One can create a potential
curve using this information. The non-harmonic
version of true interatomic potential energy resembles
the Morse potential [4].
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Equation (1) indicates that the value of Vn
approaches D. as r approaches infinity, which is
consistent with the actual behaviour of the diatomic
particles. Where a is a constant for the electronic
energy levels of the molecule, Vi represents the
potential energy of the bond.

The vibrational energy levels are found by [5]
when a Morse potential function is used in place of
the potential energy in the Schrédinger equation:

2
glv) = (V + %) We — (V + ;) WeXe (2
where g(v) represents the vibrational energy level, we
the vibrational frequency in an harmonic motion, X.
the an harmonic constant
When v = 0 the value of g (V) is equal to the zero
point energy [6]:

g(v) = %we (1 - %Xe) cm™? €)]
The following relationship can also be used to

calculate the molecule's dissociation energy [7]:
2

We
De = m (4)

Some physical parameters, such as ionization
potential and electronic affinity, are computed using
Koopmans' theory [8,9]:

IE(Ionization potential) = —Eyomo (5)
EA(Electron affinity) = —E;ymo (6)

In which LUMO is the lowest empty molecular
orbital and HOMO is the highest occupied molecular
orbital. The following formulas [10-15] are used to
calculate the electronegativity (y) and molecular
hardness (1), which are vital interacting properties of
matter that are defined as the resistance to electron
cloud polarisation or deformation of chemical species
and a measure of the stability and interactions of
molecules, based on these values (IE and EA):

~ (IP+EA) )
(IPEEA)
~ & ®)
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The statistical thermodynamic equations can also
be used to calculate the thermal properties [16,17].

The statistical thermodynamics of ideal gas laws
and the standard case were used to calculate the
thermal properties using the following equations:
U?otal - Utrans + Urot + Uv1b + Uelec + Unucl (9)

Utrans Ulot RT)l( SRT (10)

v1b Z3N 6e - (ll)
X; = ‘;{—T L (12)
H = U%,y, + RT (13)

Stotal - Strans + Srot + Sv1b + Selec + S?mcl (14)

(2mtmKT)ZRT
Sgrans = R[ +In mIn\IT] (15)
1 3
8n2(8n2Ixlyly)2(KT)2
sgot_R[ + I e lxlviz) l (16)
X _X.
S = RENC[x= -1 —eX)| (17
G® = HO — TS° (18)
A® = U0 — TSO (19)

3. Results and Discussion

The curve of potential When we reach the lowest
energy level at which the molecule is stable at a
specific distance, known as the equilibrium distance
(re=1.4758 AO), the total energy starts to increase
due to the repulsion (nucleus - nucleus), until the
bond is broken, at which point it is known as the
energy of dissociation (De=6.76785 eV). Figure (1)
illustrates how the total energy decreases as the
distance between the atoms (Si - H) increases due to
the drop in potential energy, which is caused by the
attraction (electron - nucleus).
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Fig. (1) Nonharmonic potential curve of SiHI; molecule
calculated by Winmopac software (MNDO-PM3)

Some important physical properties of the studied

molecule that were also calculated at equilibrium are
shown in table ().
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Table (1) The physical properties of the Triiodosilane (SiHI3)
molecule calculated by MNDO-PM3

Quantity Magnitude
Heat Of Formation Hf at 298K | -0.39257 eV
ELumo -3.534699 eV
Enomo -10.290859 eV
lonization Potential (I.P.) 10.290859 eV
Electronic Affinity (E.A.) 3.534699 eV
electronegativity (x) 6.912779 eV
molecular hardness n 3.37808 eV

SilzH's high ionization energy denotes the
molecule's low reactivity. With an electronegativity
of 6.912779 eV, the SilsH molecule has a notable
capacity to draw electrons from neighboring
molecules.

The HOMO-LUMO energy gap of SilsH is
predicted by this study to be 6.75616 eV. It was
discovered to be extremely high and, because of the
enormous border orbital gap linked to high kinetic
stability and minimal chemical interaction, results in
more molecular stability and less polarization.

The investigated molecule's heat of production
increases with temperature, as seen in Fig. (2).
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Fig. (2) Heat of formation of SiHI; molecule at different
temperatures

In accordance with [18], figure (3) illustrates how
the enthalpy change rises with temperature,
suggesting that the reaction is endothermic.

Entropy rises with temperature because it
measures how random the atoms that comprise
molecules are, as seen in Fig. (4).

Figure (5) illustrates how the system's high
thermal resistivity and great thermal stability are
demonstrated by Gibbs free energy reductions in
SilsH [19]. It's also clear that the computed values
agree with the real values [18].

See Figure 6 for an illustration of how the heat
capacity varies with temperature and rises as a result
of an increase in the number of particles at various
vibrational energy levels [18].
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Fig. (3) Enthalpy change of SiHI; molecule at different
temperatures
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Fig. (4) Entropy of SiHI; molecule at different temperatures
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Fig. (5) Change in the Gibbs free energy of SiHI; at different
temperatures
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Fig. (6) Heat capacity of SiHI; molecule at different
temperatures

4. Conclusion

A solid grasp of the nature, structure, electrical
properties, and chemical reactivity is provided by this
study. The molecule is one among those with strong
heat resistance, with a bond length (Si-H) equal to
re=1.4758A and a dissociation energy of D.=6.76785
eV. The number of molecules at different vibrational
energy levels increases with temperature, which
raises specific heat capacity. In addition, the
procedure is endothermic.SilsH's high ionization
energy denotes the molecule's low reactivity. With an
electronegativity of 6.912779 eV, the SilsH molecule
has a notable capacity to draw electrons from
neighboring molecules.
According to this study, SilsH's HOMO-LUMO
energy gap is predicted to be 6.75616 eV. which,
since the border orbital gap is big and linked to high
kinetic stability and low chemical interaction, was
found to be extremely high and results in more
molecular stability and less polarization.
In addition to the previously mentioned, the MNDO-
PM3 approach results produced with Winmopac 7.21
closely matched the trial outcomes.
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