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    Chapter 8   
 Conclusion and Prospect                     

              This thesis presents a series of studies of the response of two-dimensional crystals 
using optical spectroscopy. In the works conducted on graphene, we have probed the 
intrinsic electron–phonon and electron–electron interactions of ultraclean graphene 
on hexagonal boron nitride. We have demonstrated the strong out-of-plane fi eld 
confi nement of plasmons in graphene and enhanced electromagnetic interaction of 
graphene plasmon with adsorbed molecules and prototyped a graphene plasmon 
sensor. In the studies of transition metal dichalcogenides, we have measured the 
fundamental linear and nonlinear optical response of the materials, leading to fur-
ther understandings of the excitonic properties and a useful nonlinear optical method 
to characterize the crystallographic orientation. In the magneto-optic study, we have 
investigated the ability to tune of the valley degree of freedom in monolayer transi-
tion metal dichalcogenides using a magnetic fi eld. We demonstrated the valley split-
ting and polarization by the Zeeman effect of the valley states. Further, we discovered 
the important infl uence of valley polarization on the many-body binding energy of 
trion, as well as new fundamental insights into the trion electronic confi guration. 

 To conclude this thesis, we provide a few prospects for future studies of these 
two-dimensional crystals. The ability to use a magnetic fi eld to tune the valley 
degree of freedom in monolayer TMDCs has opened up new opportunities to 
understand and explore the valley physics in these materials. Possible directions 
include the creation of quantum beats in the excited coherent states in the two val-
leys and the generation of a steady state valley-spin current. The atomically thin 
TMDCs, with their strong electromagnetic response, may be useful for cavity quan-
tum electrodynamics studies, where the light-matter interaction is further enhanced. 
With the strongly bound excitons, the ultrafast response of the excited excitons 
remains to be understood. How do excitons form? How do they relax? How do they 
interact with each other and other types of excitations? Last but not the least, com-
bined effort in fundamental physical understanding, material growth, as well as 
device engineering will lead to the development of novel opto-electronic devices 
using atomically thin 2D materials.   
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