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Abstract. This study aims to examine the sensing capabilities of pristine 
transition metal dichalcogenide (TMD), i.e., molybdenite (MoS2), towards 
benzene and toluene gas/vapor using the Gaussian 09W, GaussView 6.0, and 
Material Studio packages. Benzene and toluene were adsorbed on pristine MoS2 
forming benzene-adsorbed and toluene-adsorbed pristine MoS2 sheet. Several 
electro-chemical properties were evaluated to determine the sensing capabilities, 
which includes the highest occupied molecular orbital (HOMO), lowest 
unoccupied molecular orbital (LUMO), electrostatic potential (ESP), projected 
density of states (PDOS), band structure, infrared (IR) spectra, and electron 
localization function (ELF) for each case. Upon analyzing the IR spectra, it was 
observed that the benzene-adsorbed pristine MoS2 configuration demonstrated an 
enhanced symmetry. Benzene was found to adsorb with a binding distance of 
1.81 Å as compared to 3.54 Å for toluene. Molecular orbital energy gap, ESP, 
band structure and ELF verified strong adsorption characteristics of benzene as 
compared to toluene. Our analysis inferred that benzene displays stronger 
interaction compared to toluene with pristine MoS2. Thus, bare MoS2 based 
sensors can be used for benzene detection. 

Keywords: HOMO-LUMO, ESP, PDOS, Band structure, IR spectra, ELF 

1 Introduction 

Over the years, there has been a significant spike in the development of gas sensors for 
precise detection and monitoring, adhering to the growing concerns about the 
detrimental impact of pollutants on the overall health of humans. Benzene and toluene 
are two popular compounds, which are colorless, highly flammable and are categorized 
as aromatic volatile organic compounds (VOCs). These gases find diverse applications 
in various industries, including factories producing plastics, resins, acrylic paints, 
thinners, etc. [1]. Being a highly volatile compound, humans can get easily exposed to 
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