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Abstract: In this paper, quantum computational chemistry methods were 

employed to calculate the molecular characteristics of acrylic acid. Density 

Functional Theory (DFT) was used to optimize the molecule at the STO-3G basis 

set to calculate the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) energy levels of the frontier orbitals of 

acrylic acid. The energy gap between HOMO-LUMO orbitals was calculated to 

be 5.545 eV. This demonstrated that the energy gap reflects the chemical activity 

of the molecule. The compound was characterized by UV-Visible, Nuclear 

Magnetic Resonance (NMR), and Fourier Transform Infrared (FT-IR) 

spectroscopy methods.  
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Öz: Bu yazıda, akrilik asidin moleküler özelliklerini hesaplamak için kuantum 

hesaplamalı kimya yöntemleri çalışılmıştır. Yoğunluk Fonksiyonel Teorisi 

(DFT), akrilik asidin sınır orbitallerinin en yüksek dolu moleküler orbital 

(HOMO) ve en düşük boş moleküler orbital (LUMO) enerji seviyelerini 

hesaplamak için STO-3G temel setinde molekülü optimize etmek için 

kullanılmıştır. HOMO-LUMO orbitalleri arasındaki enerji aralığı 5.545 eV olarak 

hesaplanmıştır. Bu, enerji aralığının molekülün kimyasal aktivitesini yansıttığını 

göstermiştir. Bileşik; UV-Görünür, Nükleer Manyetik Rezonans (NMR) ve 

Fourier Dönüşümü Kızılötesi (FT-IR) spektroskopi yöntemleri ile karakterize 

edilmiştir.  
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1. Introduction  

 

Acrylic acid is frequently utilized in grafting procedures as a spacer to link proteins and the 

substrate. The chemical formula for Polyacrylic acid (PAA) is 𝐶3𝑂2𝐻4 (Zhang et al., 2014). Furthermore, 

through functional analysis, a deeper comprehension of the molecular signaling pathways related to 

surface coating has been achieved. This understanding holds significant potential for advancements in 

regenerative medicine, biomaterials, and tissue engineering. Commercially available contact lenses are 

surface-modified using plasma polymerization (Naganandhini et al., 2022). Studies on the 

polymerization of acrylic acid molecules and the interactions of polyacrylic acid with various polymer 

blends have been extensively documented in the literature. FT-IR, FT-Raman, and FT-NIR techniques 

have been used for the various H– bonded structures of acrylic acid (Issaoui et al., 2017). Intermolecular 

hydrogen bonds play a crucial role in maintaining the stability of the molecule (Kanmazalp, 2017). 

Density functional theory (DFT), a quantum chemical computation approach, has been extensively 

employed to ascertain the molecular structure and electronic characteristics of polyatomic molecules. 

DFT has gained significant popularity in the fields of chemistry, physics, and materials science for 

understanding and predicting the behavior of complex atomic-scale systems. DFT method has employed 

to investigate the analysis of the title compound, with a specific focus on its ground state, which 

corresponds to the minimum energy state  (Çiftci et al., 2020; Abdel-baset, 2023). The energy gap, also 

known as the difference between HOMO and LUMO energies, directly impacts the chemical reactivity 

and kinetic stability of the molecule (Odujole & Desai, 2020). The electronic properties of 

nanostructures can be changed optionally. Studies have shown that doping of different atoms or 

functionalization can enable them to be easily adsorbed by molecules (Bibi et al., 2021). The studies 

have also shown that they influence the performance of optoelectronic devices (Muz & Kurban, 2019; 

Muz & Kurban, 2020). 

Acrylic acid was investigated by quantum chemical computation and bioactivity analysis. We 

reported the results of DFT computations, which is a commonly used method for studying chemical 

reactivity to determine chemical stability (Frau et al., 2017). NMR, FT-IR, UV-vis spectroscopy, and 

other parameters used as characterization techniques were also investigated in the study. 

 

2. Material and Methods 

 

The Gaussian 09W software package was utilized to construct and study the structure of acrylic 

acid molecule. Initially, two methods were chosen: DFT and HF. By choosing the basis sets of these 

two methods separately, the optimized states of the structure were created. As given in Table 1, we 

decided to use STO-3G as the best fit for the energy range of the results. DFT is employed for quantum 

chemical calculations at the optimized structure (Tanış, 2022a). In the literature, DFT calculations have 

become a valuable tool that yields highly reliable results for molecular geometry, electronic, and optical 

properties when compared to experimental data (Tanış, 2022b). These theoretical investigations are 

crucial for time and cost savings as well as for optimizing experimental procedures (Tanış, 2022c). 

 

Table 1. The energy gap between HOMO-LUMO orbitals of sets 

Sets DFT (eV) HF (eV) 

STO-3G 5.545 15.324 

3-21G 6.086 13.805 

6-31G 6.026 13.397 

6-31G' 6.026 13.397 

6-311G 6.026 13.314 

LanL2DZ 5.919 13.056 

LanL2MB 5.545 15.324 

SDD 5.918 13.064 
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After optimizing the structure using GaussView 6.0 software, NMR, UV, and FT-IR were 

performed (Sucheta et  al., 2022). The GaussSum program was used to determine the DOS (density of 

states) spectrum (O'boyle et al., 2008). The vibrational wave numbers and other parameters were 

calculated using optimized structural parameters. 

Molecular chemical reactivity and conductivity can be interpreted by the HOMO-LUMO energy 

gap (Parr & Yang, 1984; Diomande & Kone, 2019). A minimal energy gap indicates molecular stability 

and allows electrons to transition into excited states more easily. The compound with the smallest band 

gap is more polarized and chemically reactive. Molecular polarizability is important for optical and 

biological activity. The parameter formulas used for this are shown below. 
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Molecular polarizability is of great importance in modeling molecular properties, optical 

properties, and biological activity. These equations are used to calculate ionization energy, electron 

affinity, chemical potential (μ), electronegativity (χ), spherical hardness (η), and softness (σ) (Çakmak 

et al., 2022). Table 2 shows the chemistries obtained in the gas phase at the B3LYP/STO-3G ground 

level. Quantum chemical parameters provide theoretical predictions that can be used to determine the 

activity of molecules. Figure 1 shows the energy level diagram of acrylic acid, with the HOMO and 

LUMO orbitals highlighted. 
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Figure 1. HOMO-LUMO structure with the energy level diagram of Acrylic Acid. 

 

Table 2. The calculated quantum chemical descriptors for Acrylic Acid 

Parameter Values 

EHOMO (eV) -4.191 

ELUMO (eV) 1.354 

ΔE (eV) 5.545 

η (eV) 2.772 

σ (eV-1) 0.361 

χ (eV) 1.418 

μ (eV) -1.418 

ω 0.362 

ɛ 2.762 

ω+ 1.876 

ω- 1.418 

 

3. Results 

 

3.1. Vibrational spectroscopic analysis spectrum 

 

When the dipole moment of the molecule changes during vibration, infrared becomes active 

(i.e., absorbs incoming infrared radiation) (Griffiths & de Haseth, 1986). As a result, symmetrical 

oscillations are rarely observed in the infrared spectrum. If a molecule has a center of symmetry, not all 

symmetrical vibrations around the center will be active in the infrared spectrum (Qiu et al., 2018). On 

the other hand, asymmetric vibrations of all molecules are detected. This lack of selectivity allows the 

characterization of almost all chemical groups in a single sample that is difficult to detect with 

conventional spectroscopic techniques (Messick et al., 2008). Among the different characterization 

methods, Fourier transform infrared (FT-IR) spectroscopy is one of the most powerful tools for 
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determining the functional group in possible molecular bonds between chemical compounds (Mohamed 

et al., 2015; Mohamed et al., 2016). Understanding the positions of IR absorption bands in the spectrum 

as wavenumbers can be used to identify various chemical compounds that are undetectable in X-ray 

photoelectron spectroscopy spectra. In general, IR spectroscopy is applicable to a wide variety of 

materials and situations and can be used for qualitative and quantitative analysis (Pavia et al., 2001). 

The key to understanding an FT-IR spectrum is to identify the positions, relative sizes, vibrational types, 

and changes in the spectrum pattern of all absorptions or peaks. This information can be used to gain 

valuable and informative insights (Smith, 2006; Khoshhesab, 2012). 

It shows the estimated FT-IR spectra of the studied molecules in the range of 4000 cm-1 to 

0 cm-1.The frequencies in the figure are harmonic frequencies. Harmonic frequencies are calculated by 

multiplying the harmonic frequencies by the appropriate measurement factor for each calculation level. 

Similarity in complexes meant similarity in both spectrum and vibrational frequencies. According to the 

basic principles of vibrational spectroscopy, the vibrational frequency of a bond increases as the bond 

strength increases and the mass of the bond atom decreases. In Figure 2, the peak number 41 indicates 

the highest intensity, and the wavenumber indicates 1 208 cm-1. Other permeability numbers, 83, 79, 60, 

75, 57, and 77 peak numbers, have been changed at a low level. The peak number and wavelength of 60 

to 79 indicate the energy range between 1 832 cm-1 and 3 392 cm-1. 

 

 

Figure 2. FT-IR spectrum of Acrylic Acid. 

 

3.2. Nuclear magnetic resonance (NMR) investigation  

 

Gaussian is a software package that can be used for a variety of computational chemistry tasks, 

including nuclear magnetic resonance (NMR) spectroscopy. It can be used to calculate NMR spectra for 

molecules of any size and complexity. Gaussian also includes a number of tools for analyzing NMR 

spectra, such as peak fitting and integration. Overall, NMR spectroscopy is an incredibly versatile tool 

that can be used to study a wide variety of materials, especially proteins. The rapid growth of 

technological advances in NMR spectroscopy has made it an essential tool for research in biochemistry, 

biology, and medicine (Singh & Singh, 2022). 
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Figure 3. NMR spectrum of Acrylic Acid. 

 

Table 3. Chemical shifts of Acrylic Acid 

Method Shielding (ppm) 

4-O -121.568 

9-H 25.7572 

6-H 26.0694 

7-H 26.3312 

8-H 26.8781 

1-C 100.3448 

2-C 120.6442 

3-C 122.3991 

5-O 146.8408 

 

Figure 3 shows the NMR spectra of two acrylic acid molecules. The spectra are plotted as a 

function of the chemical shift, which is a measure of the shielding of an atom's nucleus from the external 

magnetic field. Table 3 lists the calculated chemical shift values for each atom in the acrylic acid 

molecule. These values are determined by the electronic environment of the atom, which is influenced 

by the atoms that are bonded to it. The sudden peaks in the graph of the NMR spectra indicate the 

locations of distinctive features in the acrylic acid molecule structure. These features include the 

carboxylic acid group, the carbon-carbon double bond, and the hydrogen atoms attached to the carbon 

atoms. 

 

3.3. UV-Visible analysis 

 

UV-Visible analysis is a type of spectroscopy that uses light in the ultraviolet (UV) and visible 

(Vis) ranges to study the electronic structure and properties of molecules. When a molecule absorbs 

light, it causes electrons to move from a lower energy level to a higher energy level. The amount of 

energy that is absorbed is equal to the difference in energy between the two levels. The different 

wavelengths of light correspond to different energies. UV light has shorter wavelengths and higher 

energies than visible light. The spectrum of a molecule shows the amount of light that is absorbed at 

each wavelength. This spectrum can be used to identify the molecule and to determine its electronic 

structure. UV-Visible analysis is a powerful tool for studying the properties of molecules (Schmid, 

2001). 
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Figure 4. UV-visible absorption spectrum of Acrylic Acid. 

 

Table 4. Peak information of Acrylic Acid 

Acrylic Acid 

Wavelength (nm) Strength 

318.52 121.0843162 

202 29181.3202 

170.64 121.0843162 

164.81 0 

160.7 392192.1001 

138.8 31845.17516 

 

Figure 4 shows the UV-visible absorption spectra of the compound. Table 4 shows wavelength 

(nm) and strength values. In the case of Acrylic Acid, the UV absorption spectrum covers the wavelength 

range from 138.8 nm to 318.52 nm. The highest peak observed at 318.52 nm. This range has absorption, 

especially in conjugated systems, indicating the presence of double or triple bonds within the molecule. 
 

4. Discussion and Conclusion 

 

The structural, electrical, chemical, and biological actions of acrylic acid are described in this 

study. This molecule is crucial in the medicinal and biological industries. The reactivity of the 

compounds as evaluated using the STO-3G basis set in a DFT calculation. It can also categorize 

substances appropriately based on their reactivity. Biochemical and biological activity changes are quite 

apparent. When using FT-IR, peak 41 represents the maximum intensity, and the wavelength is 1208 

cm-1. Other peak permeability numbers, including 83, 79, 60, 75, 57, and 77, have been changed at a 

low level. It denotes the energy range between peak numbers 60 and 79. The absorbance spectra is 

examined using UV-visible spectroscopy. This absorption is visible and occurs in this region, the 318.52 



YYU JINAS 29(2): 438-446 

Ak and Kebiroğlu / Theoretical Investigation of the Chemical Reactivity of Acrylic Acid Molecules: A DFT Study with UV-Vis,  

NMR, and FT-IR Spectroscopy Using STO-3G Basis Set 

445 

 

nm peak indicates the color of the structure. The 318.52 nm peak has an energy of 5.545 eV. NMR 

spectra of the compound was also determined. 

As a result, acrylic acid is structurally utilized in the manufacture of numerous products, 

including plastics, coatings, adhesives, paint, and varnish. It broadens the chemical structure detection 

range and is suitable for a variety of applications. 
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