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Abstract of Thesis

Monolayer graphene has been renowned for its exceptional properties in various fields, making it a highly
promising material for applications. Its unique linear electronic dispersion can lead to high carrier mobility and
wavelength-independent uniform light absorption. However, in the multilayer AB-stacking graphene, the strong
interlayer interactions, result in a parabolic electronic dispersion that undermines the performance. It is
essential to reduce interlayer interactions and preserve the intrinsic property of each layer. Moreover, the
porous 3D sponge graphene structure has promising applications in energy storage, environmental remediation,
and sensor technology due to its high surface area, conductivity, and mechanical resilience. The material's
porosity and interlayer spacing critically influence its performance. Understanding and optimizing the
microstructure are essential to tailor the material's performance.

The strategy of this dissertation was to reduce the interlayer interactions of multilayer graphene with
the insertion of nanomaterials, such as carbon nanotubes (CNTs) and nanodiamonds (NDs). These nanospacers
can increase the interlayer distance, weakening the interlayer coupling and altering the properties of the
stacked graphene layers. To obtain a systematical understanding of the phenomena and mechanism, both
experimental study and theoretical analysis were conducted. The simulations can overcome experimental
limitations in illustrating microstructures and difficulties in controlling variables. The study also accumulated
experience in increasing the monolayer ratio in the graphene sponge structure.

The first part of this dissertation focused on the effect of CNT insertion in multilayer graphene.
Graphene-CNT (Gr-CNT) stacking structures were experimentally fabricated via dry transfer, enabling precise
control over the layer number and CNT insertion. Atomic force microscopy (AFM) and Raman spectroscopy
confirmed the increase in interlayer distance and reduction in interlayer interaction, respectively. Molecul ar
dynamics (MD) simulations further explored the impact of CNT diameter and inter-tube distance on the
microstructure. Two distinct stable configurations: separation and adhesion were observed, determined by the
CNT geometric parameters and the difference in potential energy.

The second part investigated graphene-ND (Gr-ND) stacking structures. Unlike CNTs, NDs can provide
point-like contact, minimizing the impact on graphene's intrinsic properties while the larger size can further
increase the interlayer distance. The Raman spectroscopy and AFM experimentally verified the reduced
interlayer interaction and layer separation. The MD simulation and continuum model analysis were conducted
to predict the critical inter-ND distance for the interlayer separation.

In the third part, the property modulations of Gr-CNT and Gr-ND structures were studied. Firstly, the
mechanical behavior of Gr-CNT structures was studied from a microscopic view. MD simulations studied the
effect of CNT wall numbers and initial configurations on the stable structures. The loading-unloading curves
exhibited hysteresis and energy dissipation due to the bi-stable nature of the system. The dissipation was
experimentally verified in multilayer Gr-CNT. Secondly, the electrical transport measurement was
experimentally implemented for the Gr-ND stacking system. The non-linear I-V curve was obtained which came
from the tunneling current through ND spacers. Such nonlinearity has potential applications for physical neural
network devices.

In this dissertation, the multilayer Gr-CNT and Gr-ND stacking structures were separately studied by
combining experiment and simulation. The spacer effect on the interlayer interaction and microstructure was
illustrated. The differences between the two spacers were compared. Then, the bi-stable microstructure and
hysteresis mechanical behavior of the Gr-CNT stacking system were unveiled. Finally, the non-linear I-V
property of the graphene-ND stacking system was studied. The contributions of this dissertation include the
layer-controllable fabrication method, atomistic insight, and property adjustment. These studies advance the
understanding of interlayer interactions in multilayer graphene and pave the way for optimizing graphene-
based materials for high-performance applications.
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