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ABSTRACT  ARTICLE INFO 

Potassium acetate (C2H3KO2) is an essential macromineral for the human body and 

it is been used in many areas due to its stellar properties. In this study, C2H3KO2 

was optimized by applying the density functional theory (DFT) using Gaussian 

program. The highest occupied molecular orbital (HOMO) and lowest occupied 

molecular orbital (LUMO) were plotted. Also, based on the obtained results, the 

band gap energy was calculated. In addition, the obtained FTIR was compared 

with its corresponding experimental result. Besides, ultraviolet to visible 

spectroscopy for the (C2H3KO2) molecule was illustrated. Other theoretical 

calculations were made and results were plausible when compared with 

experimental data. 
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1. Introduction 

 

Material science is one of active subjects among 

research field, which has a plenty different branches such as 

functional materials [1-6], nano materials [7, 8], and 

molecular dynamics [9, 10]. Since, understanding about 

molecular characteristic is an important issue for lots of 

researcher, so this field of study is growing among chemists, 

physicists, and material scientists, quickly. Potassium acetate 

acid derivation is the potassium salt of the acidic acid, and its 

chemical formula (CH3COOK) [11]. It is produced through 

the response between a potassium base, for example, 

potassium hydroxide or potassium carbonate with acidic acid. 

It is a substantial of macromineral with numerous 

physiological abilities and is basic for nerve conduction, 

heart, skeletal and smooth muscle constriction, energy 

generation, nucleic acid synthesis as well as mainlining the 

blood pressure and normal renal function [12]. It can be taken 

as a healthful supplement with antihypertensive impacts and 

counteractive action impacts against hypokalemia.  

Potassium acetate is in the form of powder white 

monoclinic crystalline- resembles salt and has an average 

molar mass of 98.14 grams per mole [13]. Potassium acetate 

is an important material due to its physical and chemical 

characteristic, which makes it to be used in many areas, e.g. 

in medicine it is utilized for treating diabetic ketoacidosis 

because it is able to break down into bicarbonate and help to 

balance the acidic state. It is also used in mixtures applied for 

tissue preservation, fixation, and mummification [14]. In 

addition, potassium acetate can be used to replenish 

electrolytes, for the restoration of water-electrolyte balance, 

as well as a urinary and systemic alkalizer, which can be 

administered orally or by intravenous infusion. And it also 

maintains intracellular tonicity. Energy band gap between 

Higher Occupied Molecular Orbital (HOMO), and Lower 

Unoccupied Molecular Orbital (LOMO) and UV spectrum 

can be found by using density function theory [15]. 

Previously, M. GASGNIER and A. PETIT have 

studied the effect of microwave and heating treatments on the 

properties of crystallographic of potassium acetate powder. 
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These studies showed that either microwave treatments at low 

power (60 watts) or heating at the low temperature can be used 

to obtain potassium powder with a lower water content [16].  
Both Hatibuara and Barry observed through previous findings 

that the crystallographic properties of potassium acetate were 

obtained by two processes; the first was the temperature 

between (297 K) and the melting point (385 K), whereby 

three phases can be classified such that monoclinic III (297 

K), monoclinic II (348 K), and orthorhombic I (428 K) [17]. 

The second is the transitions that can be specified by 

differential scanning calorimeter, or Raman investigations 

[18]. 

 

2. Materials and procedure 

2.1. Theoretical methods 

All atomic calculations and simulations were made using 

Gaussian 09W software [19]. The atomic configuration for 

potassium acetate molecule consists of one potassium atom, 

two oxygen, two carbon, and three hydrogen atoms. The types 

of chemical bonds between atoms are due to their number of 

electron in the valence band. In this case, since, almost all of 

outer electrons participated in molecular bonds, then it is 

electrically neutral. The theoretical distance between atoms 

was optimized using the Density Function Theory (DFT) 

technique, along with B3LYP. The 3–21G basis set and 

singlet spin estimation were performed and the optimized 

molecule was used for the rest calculations. To find the UV-

VIS spectrum and all related vibrational modes, harmonic 

vibrational frequency calculation in standard temperature and 

pressure (STP) were carried out. Since, all output modes had 

positive values, so the results imply the effectiveness of the 

chosen technique. 

 

2.2. Theoretical methods 
 

A thin disc was produced by grinding 1 mg of the potassium 

acetate (CH3COOK) with 100-250 mg of potassium bromide 

powder using a mortar and pestle. The very fine powder is 

then put into a circular die, and placed under a mechanical 

pressure of 1–7 × 108 Nm-2 (15 000–100 000 pounds per 

square inch) under vacuum chamber. The sample was kept for 

six min under a constant pressure. Thus, the obtained disc is 

utilized for recording the spectrum. It is noticeable that a very 

fine powder must be produced, otherwise the radiation will 

simply reflect from the surface of the particles. There are 

some other related parameters and conditions, including 

3000-3600 humidly H-bond stretching, 2935-2655 aliphatic 

C-H, 1656-1568 C= O, 1411 C- aliphatic, 649 C-H, 1051-

1024 C-O. 

3. Results and discussions 

After running Gaussian program, the optimized geometry 

obtained as shown in Figure 1. In the tile of the molecule, 

there is a carbon (1C) that bonds with three hydrogen atoms 

(2H, 3H, and 4H) and the second carbon atom (6C). The angle 

between bonds in 1C atom is 120o. The second carbon has a 

single bond with potassium (8K) and a double bond with two 

oxygen atoms (5O and 7O). 

New orbitals appear in molecules which are different 

from atomic orbitals. The energy difference between Highest 

Occupied Molecular Orbital (HOMO) to Lowest Unoccupied 

Molecular Orbital (LUMO) depicts the type and nature of the 

molecule. The geometry and its energy correspondence are 

shown in Figure 2. The obtained energy gap is equal to 3.669 

eV, which is calculated by subtracting HOMO and LUMO 

energy levels.  

 
Figure 1. The schematic representation of potassium acetate. 

Atoms are labels according to their correspondence geometry. 

 

Figure 2: Boundary molecular orbitals and energy levels for 

HOMO and LUMO orbitals of C2H3KO2. 

 

One of the best methods for analyzing and detecting 

constituents in a specific molecule is FTIR spectroscopy. The 

infra-red radiation can pass through the sample, and some of 

that radiation may absorbs by the sample and the rest can 

passes through it, which is called transmitted radiation.   

The theoretical and experimental results of Fourier-

Transform Infrared Spectroscopy (FTIR) spectrum is 

correlated, and shown in Figure 3. The most peaks positions 

of the theoretical spectrum have a good prediction with its 

experimental data, however, there are some differences 

between transmittance rates. In the experimental result, there 

are two band represent water; a wide band which centered 

-5.1486762 eV 

-1.4796798 eV 
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around 3370 cm-1, and a narrow band, which is centered 

around 1570 cm-1. Since, water content is not assumed in the 

theoretical calculation, so there is no a noticeable band. 
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Figure 3. The correlation between theoretical (blue) and 

experimental (red) FTIR transmittance spectrum of potassium 

acetate. 

4. Conclusion 

In this study some physical properties of potassium acetate 

(C2H3KO2) has been investigated. The molecule was made by 

using Gaussian program and then a quantum mechanical-

based model has been utilized to obtain molecular orbital for 

HOMO and LUMO energy level. Some parameters like FTIR 

and UV spectrum has been found by Density Function Theory 

(DFT) technique. To conclude some important outcomes of 

this study is as follows: 

 The model could successfully visualize the boundary 

orbitals of the molecule. 

 The orientation of atoms in the molecule and the 

different vibrational modes has been found such that 

potassium atom is located in head of the molecule with 

a concentrated LUMO orbital.  

 The energy gap between HOMO and LUMO was 

found as 3.669 eV. 

 The theoretical FTIR spectrum could successfully 

confirm experimental result.   
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