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Molybdenum disulfide (MoS;) has been widely acknowledged as a potential material for room temperature sensor

devices. Good flexibility, good adsorption ability, and reactive at room temperature offer a potential possibility for
wearable sensor device development. Various kinds of gasses have been successfully detected by using MoS; as a sensor
material at room temperature which increases its possibility to be one of the suitable candidates for wearable sensor
devices material. However, practically, MoS; still has a limitation due to the active sites only located on the edge of the
layer, affecting the reactivity with gas molecules including low sensor response, slow response, and recovery speed. To
increase the number of MoS; active sites, the surface structure and also phase structure of MoS; need to be modified to
improve the reactivity of MoS; to detect various kinds of gasses molecules.

In this study, three different strategies to modify the surface structure and also phase structure of MoS; were
conducted. The first strategy is the modification of the phase structure and also surface structure of MoS; through ethylene
glycol intercalation techniques to detect toluene gas at room temperature. Since MoS: is a polytopic material, MoS; has
several different structures. 2H-MoS; as the most stable structure of MoS; with tetragonal coordination has a
semiconductor characteristic with band gap energy around 0.9 eV to 1.8 eV. On the other hand, the 1T-MoS; structure
with orthogonal coordination has a metallic characteristic and is relatively less stable than 2H-MoS;. In terms of chemical
reactivity, 2H-MoS; is less reactive due to the inert conditions on the basal plane of MoS,. On the other hand, 1T-MoS;
is very reactive for chemical reactions. Based on these two different properties of 1T and 2H-MoS,. The formation of

1T/2H-MoS; heterostructure offers good reactivity and good stability for gas sensor applications at room temperature.
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Ethylene glycol was used as a solvent due to its strong reducing ability and also lower polarity than water which will
modify the phase structure and also surface structure at the same time. The ethylene glycol intercalation techniques were
conducted through a solvothermal reaction process. Three different conditions were investigated to understand the role
of ethylene glycol on surface structure and phase structure modification. Water solvent (MoS; (W)), water and ethylene
glycol (MoS; (EG:W)), and ethylene glycol (MoS; (EG) solvents. The use of ethylene glycol as a solvent shifts the (002)
diffraction pattern to the lower angle which indicates the expansion of the (002) lattice plane. The expansion of the (002)
lattice plane is due to the ethylene glycol exist in the interlayer of MoS,. The infra-red absorption analysis and also
thermogravimetric analysis revealed that ethylene glycol existed in the interlayer of MoS,. The phase structure analysis
of all prepared samples investigated by Raman and X-ray Photoelectron Spectroscopy analysis had shown that the
heterostructure of 1T-MoS, and 2H-MoS; has successfully formed and the number of 1T phase structure was higher when
ethylene glycol was used as a solvent. This phenomenon occurred due to the ethylene glycol act as a reducing agent which
helps the transformation from the 2H phase into 1T phase. Moreover, the specific surface area is also increased after
ethylene glycol was used as a solvent due to the smaller particle size. After ethylene glycol was used as a solvent, the
conductivity of the sensor devices decreases due to the ethylene glycol act as an insulating layer which can decrease the
conductivity of MoS,. However, the toluene sensor performance has revealed that the MoS; (EG:W)  shows the highest
toluene detection performance followed by MoS; (EG) and MoS; (W). From this result, it can be confirmed that high 1T
content and also the high specific surface area of MoS; are beneficial to improve toluene detection at room temperature.

The second strategy to modify the surface structure of MoS; is through O, plasma irradiation. O, plasma
irradiation offers a green and rapid process to modify the MoS, properties. The O, plasma irradiation can control the
crystal structure and also surface structure of MoS; including defects creation and morphology modification. Moreover,
the oxygen plasma irradiation also gives additional advantages for MoS; properties because it can stabilize the transition
metal dichalcogenide (TMDs) in the air atmosphere. In this study, the O plasma irradiations of MoS; (EG:W) samples
were conducted to modify the surface structure of MoS; for humidity detection devices. 0, 1, 5, and 10 minutes O plasma
irradiation were conducted to analyze the influence of O, plasma irradiation on MoS; structures. After O, plasma
irradiation, the diffraction position of the (002) plane was gradually shifted to a higher angle which indicates the shrinking
of the interlayer of MoS; after O, plasma irradiation due to the removal of ethylene glycol in the interlayer of MoS,. The
O plasma irradiation successfully removed some of the sulfur species and also some impurities were produced due to the

oxidation of Mo** into MoOj state. The surface structure of MoS; was greatly modified after O, plasma irradiation. The



specific surface area greatly increases from 28 To 185 m?/g After O, plasma irradiation. This phenomenon occurred due
to the change of the morphology of MoS; after O, plasma irradiation from the flower-like structure into a leaf-like
structure. The humidity detection process was conducted at room temperature and also at different humidity values. The
humidity sensor response of MoS; greatly improved after O, plasma irradiation from 24.32 % to 48.36 % at 95% RH. It
indicates that the O, plasma irradiation successfully improved the humidity sensor performance of MoS,. The high
humidity detection performance of MoS; after O, plasma irradiation is due to several reasons. The first one is a high
defect content such as S vacancy and O, doping which is effective to increase the reactivity of MoS,. The second one is
the higher specific surface area which is beneficial to increase the number of active sites for the humidity detection process.
In practical applications, the humidity sensor has been applied for various kinds of applications such as breath monitoring,
and also humidity skin monitoring.

The third strategy to modify the crystal structure and also surface structure of MoS; is through the doping
process. The purpose of this doping process is to change the chemical bonding in the crystal structure (expand or shrink).
The modification of the chemical bonding could act as active sites for gas adsorption due to the presence of strain in the
crystal structure. Strain in the crystal structure of MoS; can increase the molecular adsorption ability including higher
adsorption energy, closer adsorption distance, and better charge transfer ability. In this study, some part of S atom in the
MoS; structure was substituted by Se atom to form MoSSe solid solution to detect NO gas at room temperature. The Se
atom is also one of the chalcogen anions, therefore, the S substitution by Se ion will not significantly change the crystal
structure. MoS,xSex solid solution was prepared by hydrothermal reaction followed by annealing treatment. Different Se
concentrations were prepared (x=0, 0.2, 0.5, 1.8, and 2.0) to understand the influence of selenium atom doping on the
crystal structure of MoS;. In the hydrothermal process, the selenium atom can decrease the nucleation process of MoS;
crystal which induces a lower crystallinity and also smaller particle size. The low crystallinity of MoS..,Sex solid solution
makes the conductivity of MoS; high. In these conditions, the NO detection sensitivity is low due to a small electrical
signal. After the annealing process, the crystallinity significantly increases. The substitution of sulfur element by selenium
element in the TMDs structure increased the lattice parameter a=b from 3.148(0.1) A for x = 0 to 3.279 (0.08) A for x =
2. The selenium addition does not only modify the crystal structure but also the particle size of MoS; decreased after
selenium addition (from 500 nm for x = 0 to 80 nm for x = 2). The optical properties of MoS; are also modified after
selenium addition, the band gap energy of MoS; decreases after selenium addition. The Mo0S,.xSex (x=1) exhibits the

best NO detection response with a response percentage around 47 % at 3 ppm NO concentration. The highest NO detection



performance of x=1 is due to the small particle size, high adsorption energy, and high charge transferability. The MoS..
xSex solid solution nanoparticles were also stable at different humidity environment and also good selectivity upon NO
gasses. Therefore, the MoS,.«Sex solid solution nanoparticles can be potentially used as NO detection at room temperature.

Based on this research, it can be concluded that the crystal structure and surface structure modifications of
MoS; layers are crucial to improve the gas sensor performance of MoS,. Even though this research gives clear information
about the important role of MoS; modifications for gas sensor improvement, however, another challenge still needs to be
overcome to provided MoS; as a wearable sensor device such as selectivity, response, and recovery speed, and also long-

term stability.
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