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Abstract of Thesis

Due to the significant effects of adsorbed molecules on the properties of two-dimensional (2D) materials,
understanding the dynamics of their interaction is crucial to the realization of future 2D-based devices. Typical
experiments, such as temperature-programmed thermal desorption (TPD), lack the capability to probe the local
dynamics due to the large-area sampling of such techniques. In the study of 2D materials, like graphene and
tungsten disulfide (WSz), this is a big disadvantage since local interaction is very important due to their large
surface-to-volume ratio. Laser terahertz (THz) emission microscopy (LTEM) offers an alternative way to overcome
this limitation. In this work, we studied the oxygen adsorption and desorption dynamics in graphene and WSy
coated on semi-insulating indium phosphide (InP) substrates. Oxygen has been shown to significantly affect the
electrical and optical properties of many 2D materials. THz radiation is generated after optically exciting a small
area in the sample using femtosecond near-infrared pulses. The THz emission from these 2D-coated InP samples
is dramatically altered when oxygen is adsorbed on the 2D material, allowing us to probe the local dynamics by

quantitatively correlating the change in the emission with the concentration of adsorbed oxygen molecules.

The first part of the work deals with the syntheses of graphene and WSa. Chemical vapor deposition method was
used to synthesize monolayer graphene using methane as a precursor. Multilayer nanosheets of graphene and
WS were also synthesized through the liquid phase exfoliation of their bulk forms. After the syntheses, the
structural properties of these materials were studied using transmission electron microscopy, Raman

spectroscopy, and ultraviolet-visible spectroscopy.

Next, we studied the effects of oxygen adsorption on the properties of THz emission from various semiconductor
substrates (InP, GaAs, and InAs) coated with monolayer graphene. We found that due to the differences in the
THz generation mechanisms, the emission from these graphene-coated semiconductors behave differently upon
oxygen adsorption/desorption. And from here we have established that InP is the suitable substrate for studying

oxygen adsorption and desorption dynamics in 2D materials by probing the THz emission.

We then studied in detail the behavior of the THz emission from InP coated with the 2D materials we have
synthesized. The initial measurements revealed that the THz emission from 2D-coated InP substrates
significantly changed under various controlled conditions, implying the feasibility of using THz emission as a
probe to detect oxygen adsorption and desorption. We were able to quantitatively correlate the waveforms of THz
emission with the local adsorbate concentration, allowing the determination of the adsorption energy of
physisorbed oxygen molecules on graphene and WSz. We then used the imaging capability of LTEM to spatially
visualize the distribution of oxygen molecules on monolayer graphene during adsorption and desorption,

providing insight on the effects of sample surface non-uniformity on the dynamics of these processes.

Our method provides a novel and non-destructive approach to study oxygen adsorption and desorption dynamics
in graphene and WSz, Furthermore, since the requirement for this method to work is that the gas adsorbates
should induce local electric dipoles to affect the THz emission from InP, our approach promise the possibility of

doing local spatiotemporal studies of molecular adsorption and desorption on a variety of 2D materials.
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