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Abstract. This work investigated the influence of initial sulfur content in the precursor
solution for the growth of molybdenum disulfide (MoS2) films by thermal vapour sulfurization
(TVS) with sol-gel spin coating as pre-deposition technique. The early introduction of sulfur
shows the presence of grains are uniformly distributed and homogeneous on the surface of the
film. MoS2 (002) planes are detected for both films with and without initial sulfur conditions,
however, the presence of initial sulfur contents gives slightly higher intensity of diffraction
peak. Two phonon modes for MoS2, namely the E2g1 (in-plane) and the A1g (out-of plane), are
well detected from which the frequency difference of Raman peaks between E2g1 and A1g
suggest the grown MoS2 consisted of multi-layers. There is a slight shift of E2g1 which is
caused by the carbon impurities but no shift for A1g. Besides, MoS2 film with the presence of
initial sulfur content shows better crystal as indicated by its narrower Raman peaks linewidth.
Two broad absorption peaks of MoS2 are detected at 614nm and 665nm. Hence, the early
introduction of sulfur content in prepared precursor solution is one way of optimizing the
growth of MoS2 films.

1. Introduction
The discovery of graphene by two physicists in 2004 has intensively re-ignited the research on 2-
dimensional (2-D) materials [1]. The atomic thickness of sp hybridization bonded carbon has excellent
mechanical, optical, and electronic properties that can be utilized in a wide range of applications [2].
However, the zero bandgap of graphene has limited its applications in optoelectronics and electronic
switching devices. Transition metal dichalcogenides (TMDs) becoming the alternative as they have
analogous layer structure to graphene. Besides, TMDs have diverse properties such as semiconducting
and metallic [3]. Basically, the TMDs indicate a wide family of metal disulfide layered structure
compounds with formula of MX2, where M is d-block transition metals while X is group VI elements
namely chalcogens. These materials have relatively strong in-plane covalent bonding however weak in
inter-planar Van der Waals forces [4]. Example of TMDs are molybdenum disulfide (MoS2), tungsten
disulfide (WS2), tantalum disulfide (TaS2), and Niobium disulfide (NbS2) [5,6]. MoS2 is one of the
TMDs which has attracted significantly attention recently. Renewed interests in MoS2 are on its
unique optical properties where the reduced dimensionality resulting in the transition from indirect
(~1.2eV, bulk) to direct (~1.8eV, monolayer) bandgap, which is due to the quantum confinement
effect [7].

Exfoliation method is the typical top-down method that is implied to cleave bulk MoS2 into
monolayer or multi-layers of flakes [7]. The exfoliated MoS2 gives the good quality of free standing
flakes, however, the inconsistency and non-uniform flakes size production has limited its application
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