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Abstract. The Density Functional Theory (DFT) and Hartery Fock (HF) Calculation
has been performed for the fully optimized ground state structure of
isonitrosoacetophenone (INAP) compound, to investigate the electronic absorption
properties for INAP (CgH;NO.). DFT and HF method were used along with (6-311g, 6-
311g(d) and 6-311g (d,p) basis set for vertical excitation energy of electronic spectra. In
addition, the UV-Vis results were obtained from the simulation using the Gaussian
software employing DFT and HF method and experimental using a UV-Vis spectrometer
device. The results of the two methods (DFT and HF) were compared with the
experimental results, which show that the results of 10676 M.cm for experimental, 7500
M.cm? for HF (basis set 6-311g) method basis set and 9100 Mcm for HF (basis set 6-
311g (d) method basis set] for vertical excitation energy of electronic spectra. We find
that HF (basis set 6-311g (d,p) method abstract agree for experimental results than the
DFT method.

Key words: Gaussian view, DFT, HF, Isonitrosoacetophenone, absorption
coefficient.

Introduction

The properties of the advanced solid materials made them very important and
interesting for the technological point of view (Baseden and Tye, 2014: 2116-2123;
Kaczmarek et al.,, 2019: 749-774). Two quantum mechanical ab-initio approaches
commonly used in condensed matter are Hartree-Fock (HF) and Density functional theory
(DFT) (Friesner, 2005: 6648-6653). Among these, DFT is used extensively for the study
of bulk materials. One of the most promising solid materials is the
isonitrosoacetophenone (CsHsNO2) and is one of the most promising oximes with its wide
range of applications (Sing, 2005: 789-796). Oximes are highly crystalline and very useful
for purification and characterization of carbonyl compounds. It is also useful as efficient
protecting groups for aldehydes and ketones (Sing, 2005: 789-796). The oximes have
important analytical applications in the determinations of metal concentration from natural
products. Some of these oxime ligands have catalytic and biological activities. Oximes
and dioxides exhibit a broad range of pharmacological activity (Kaya et al., 2016: 52; Raut
et al.,, 2011: 195-199). There is a need to study the absorption of the interesting
isonitrosoacetophenone, the experimental methods to study this material including
Fourier Transform Infrared Spectroscopy (FTIR) (Seshadri and Rasheed: 6-18), Raman
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Spectroscopy, Nuclear Magnetic Resonance Spectroscopy (NMR) (Seshadri and
Rasheed: 6-18), and UV-Vis spectroscopy (Lamsabhi et al., 2011: 1220-1230) and so on.
In this article, the UV-Vis results were obtained from the simulation using the Gaussian
software employing DFT and HF method and the results of the two methods were
compared.

Gaussian software is capable of predicting many properties of molecules and
reactions, including molecular energies and structures of transition states, bond and
reaction energies, molecular orbitals, multi-pole moments, atomic charges and
electrostatic potential, etc. Computation using Gaussian software can be carried out on
many systems such as solutions, gas phase, both in their ground or in an excited state.
Unless explicitly specified, RHF is used for singlets and UHF for higher multiplicities. In
the latter case, separate a and 3 orbitals will be computed. RHF, ROHF or UHF can also
be specified explicitly (Alama et al., 2018: 65-78). B3LYP is one of the energy functional
of the density functional methods. The energy is reported in DFT calculations in a form
similar to that of Hartree-Fock calculations. The quantum mechanical theory (DFT) is
widely used in physics and chemistry aspects to study the electronic structure of many-
body systems, particularly, atoms, molecules and the condensed phases. Therefore, DFT
(Tosun, 2010: 65-74), is one of the most common and flexible methods which can be
obtained in condensed matter physics, computational physics, and computational
chemistry (Erdogdu et al., 2017: 553-563), due to its ability to deal with a complex system
of electrons with high accuracy (Ozmen, 2000: 67-79). Gauss View uses these constructs
(Molecules, Molecule Groups and Views) to organize the many molecules which are
being utilized at any given time (Frisch et al., 2009). In this study, the agreement between
the experimental and calculated vibrational frequencies of isonitrosoacetophenone was
investigated. The geometrical optimization and vibrational frequency calculations of the
molecule were carried out by using ab-initio methods. 6-31G(d) and 6-311++G(d,p) basis
sets were used with the DFT-B3LYP method and a 6-31 G(d) basis set was used with the
HF method for theoretical calculations (Tosun and Ozmen, 2010: 75-82). It was found
that scaled vibrational frequencies are in good agreement with the experimental data.
And also the performance of the methods and basis sets, which were used in this study,
was investigated. It was found that the DFT-B3LYP method with a 6-311++G(d,p) basis
set is the most successful procedure for frequency calculations (Bolukbasi and Akyuz,
2005: 961-971). Similarly, AYSIN ZULFIKAROGLU in (2016) used different spectroscopic
techniques such as NMR, XRD, IR and UV-Vis spectroscopy to study experimentally the
optical properties of the Isonitrosoacetophenone and compared the experimental results
with that obtained from the DFT methods, she obtained good agreement between
theoretical and experimental results (Golzari and Pishkena, 2019). In this work, by using
the gaussian view software, we generate the isonitrosoacetophenone Uv-Vis spectra
using HF and DFT methods. The oscillator strength and epsilon, the absorption
coefficients and the band-gap energy was calculated and plotted, and the results of the
two techniques were compared.

Material and Method

The material used in this work was isonitrosoacetophenone (INAP) CBH7NO2. DFT
and HF different basic methods (6-31g, 6-311g and 6-311g (d) in the Gaussian view
software were used for simulation of the UV of the INAP material. The material was built
by connecting its atoms with an accurate bonding position (single and double). The bond
length is adjusted, so that the force strength, absorption coefficients, and the wavelengths
exist in the UV part of the electromagnetic spectrum. The results of the UV data were
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recorded in each method then the comparison between the DFT and HF and experimental
UV spectrometer results were carried out (Fig. 1).
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Fig. 1. Gaussian view user interface with highlighted results option shows UV-Vis

Results

Fig. 2 demonstrates the simulation of the UV of the Isonitrosoacetophenone
material using Gaussian software DFT (B3LYP basis set 6-311g).
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Fig. 2. Simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software DFT (B3LYP basis set 6-311(Q)
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Fig. 3 shows simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software DFT (B3LYP basis set 6-311g(d).
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Fig. 3. Simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software DFT (B3LYP basis set 6-311g(d)

Fig. 4 demonstrates simulation of the UV of the Isonitrosoacetophenone material
using Gaussian software DFT (B3LYP basie sat 6-311g (d,p).
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Fig. 4. Simulation of the UV of the Isonitrosoacetophenone material using Gaussian
software DFT (B3LYP basie sat 6-311g (d,p)

Fig. 5 presents simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software HF (basis set 6-3119).
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Fig. 5. Simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software HF (basis set 6-311Q)

Fig. 6 shows simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software HF (basis set 6-311g(d)

51:M1:W1 - Electronic Spectra — >
Plots
UV-VIS Spectrum
3500 — — 0.070
3000 | [~ 0.060
2500 |- 0.050
(o]
&
2000 - - 0.040 2
= o
=2 =3
2 i o
- 3
1500 |- 0.030 =
=
=
1000 | - 0.020
500 - 0.010
o ‘ - 0.000
T T T T T T T T T T T 1
1000 200 800 700 600 500 400 300 200 100 o
Excitation Energy (nm)
Excitation Energy (nm) = 559.77, Oscillator Strength = 0.0685 7

Fig. 6. Simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software HF (basis set 6-311g(d)

Fig. 7 refers to simulation of the UV of the Isonitrosoacetophenone material using
Gaussian software HF (basis set 6-3119g (d,p)
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Fig. 7. Simulation of the UV of the Isonitrosoacetophenone material using

The next

Fig. 8 presents

Gaussian software HF (basis set 6-3119 (d,p)

the experimental results of the UV of the

Isonitrosoacetophenone material
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Fig. 8. Experimental results of the UV of the Isonitrosoacetophenone material

Also Table 1 refers to the experimental and theoretical absorption coefficients of
(INAP) CgH7NO- and the wavelengths are in the UV part of the electromagnetic spectrum.
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Table 1. The experimental and theoretical absorption coefficients of (INAP)
CsH7NO:2 and the wavelengths are in the UV part of the electromagnetic spectrum

Samples A (nm) | Absorption Coefficient ( Epsilon ) (M.cm™)
DFT (blly3best satg 311) | 370 14.7
DFT (blly3best sat g 311d) | 370 14.7
DFT (blly3best sat g | 370 22.5
311dg)
HF (blly3best sat g 311) 270 7500
HF (blly3best sat g 311d) | 370 1400
HF (blly3best sat g 311dg) | 270 9100
Experimental 270 10676
Discussion

The Fig. 1-7 show the isonitrosoacetophenone molecule built in the Gaussian view
software using DFT and HF theoretical methods at different basic methods 6-31g, 6-3119g
and 6-311g (d). Fig. 8 shows the experimental spectrum, the single and double bonds
were shown in their exact position as the chemical formula of the isonitrosoacetophenone
molecule. The theoretical electronic excitation energies, the wavelength of the excitation
and oscillator strengths were calculated and listed in the Table 1. HF and DFT are able
to detect accurate absorption wavelengths at a UV that correspond to vertical electronic
directory transitions. Practically, the study of solvent effect on the area of (270 nm) as
shown on the experimental results equal [10676 M.cm for experimental, 7500 M.cm™
for HF (6-311g basis set) and 9100 Mcm for HF (6-311g(d) for vertical excitation energy
of electronic spectra. However, the wavelength of (370 nm) shows that, the value of HF
(6-311g(d) equal to 1400 M.cm™, equal 14.7 M.cm™* for (DFT (B3LYP basis set 6-3119)
and DFT (B3LYP basis set 6-311 (d) basis set and equal 22,5 M.cm for DFT (B3LYP
best sat 6-311g(d).

Conclusion

The theoretical UV-Visible spectrum absorption for isonitrosoacetophenone (INAP)
CsH7NO2 was recorded. The HFT and HF absorption shifts were calculated by B3LYP
function with different basic methods. In this article, the UV-Vis results were generated
from the simulation using the Gaussian software were compared with UV-Vis
spectrometer.
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