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Our findings show that it is possible to design one-atom-thick variant of several optical elements analogous to
those in classic optics. Our results indicate that point defects in the graphene support enhance the
cluster-support interaction, increasing their stability and significantly alter their electronic properties. A
detailed study of the CO oxidation kinetics is undertaken in the high CO coverage regime, locating transition
states and minimum energy pathways. First, through a series of empirical potential and density functional
theory DFT calculations, we determine low-energy isomers of Pt nanoclusters on pristine and defective
graphene. Varying the graphene chemical potential by using static electric field allows for tuning the graphene
conductivity in the terahertz and infrared frequencies. It is the thinnest material known, but it is exceedingly
strong, light and flexible. Graphene, a 2D monolayer of graphite, with its excellent thermal, electronic and
mechanical features, has been considered a promising support material for next generation metal-graphene
nanocatalysts. The electrochemical reduction of graphene oxide was also explored as an alternative graphene
synthesis. One of the newest carbon nanomaterials, graphene is a single atomic layer of highly ordered
pyrolytic graphite. However, a large-scale and cost-effective method to accomplish this is missing, which
limits the use of graphene in high-performance electronics. To mitigate friction and wear of silicon surfaces,
two-dimensional solid state lubricants such as graphene have drawn increased interest due to the rapid
development of fabrication techniques. In addition, the nanoscale roughness of surfaces leads to high pressures
and shear forces at asperity-asperity contacts, ultimately leading to device failure. Publicly Accessible Penn
Dissertations. Finally, the possibility for scaling up graphene production in a roll-to-roll R2R system was
explored. Using Atomic Force Microscopy, the morphology of graphene on rough surfaces was shown to
partially conform to the substrate roughness as a result of the size and spacing of the nanoparticle asperities
and a balance between the interfacial adhesion and strain in the graphene lattice.
Defective-graphene-supported Pt13 nanoclusters bind CO and O more weakly than clusters on pristine
graphene or unsupported clusters. However, exploring the mechanical properties showed that under increased
loading the conformity could be controllably increased and the frictional properties showed a dependence on
the asperity-asperity contact area unique to these types of rough substrate geometries. Show full item record
Abstract Reduced graphene oxide rGO has attracted considerable interest recently as the low cost and
chemical stable derivative of pristine graphene with application in many applications such as energy storage,
water purification and electronic devices. In this thesis, relying on theoretical models and numerical
simulations, we show that by designing and manipulating spatially inhomogeneous, nonuniform conductivity
patterns across a flake of graphene, one can have this material as a one-atom-thick platform for infrared
metamaterials and transformation optical devices. In more details, this dissertation revealed that, with suitable
pore size, the filtration membrane substrate would leave its physical imprint on the bottom surface of the rGO
membrane in the form of surface microstructures, which result in asymmetric dynamic water wettability
properties of the two surfaces of the rGO membrane. Additional ab initio MD calculations on CO-saturated
Pt13 nanoclusters show that support defects are crucial in stabilizing Pt13 clusters at high CO-coverages; in
contrast, Pt13 clusters supported on pristine graphene desorb upon CO saturation, leading to potential catalyst
loss. For best results, right-click and select "save as Nader Engheta Abstract Metamaterials and transformation
optics have received considerable attention in the recent years, as they have found an immense role in many
areas of optical science and engineering by offering schemes to control electromagnetic fields. Instead of
using a chemical etching method to dissolve the copper, a rapid and nondestructive method was developed to
delaminate the graphene from the copper surface. Mechanical Engineering Nanoscience and Nanotechnology
Abstract Carbon materials are predominantly used as catalytic supports due to their high surface area,
excellent electrical conductivity, resistance to corrosion and structural stability. This unique combination of
properties makes graphene an ideal platform for flexible electronics. Oxygen on the catalytic copper surface
was found to play an important role in graphene nucleation and growth during the chemical vapor deposition
CVD. Show full item record Abstract Graphene, a single layer of sp2 hybridized carbon atoms, was first
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isolated from graphite in  This cleaned graphene surface demonstrated low surface friction and improved
contact with the metal electrodes, which is desirable for coating and electronic applications. This produced
isolated graphene films, which can be transferred onto dielectric substrates and patterned with lithography.
Such design flexibility can be exploited to create "patches" with differing conductivities within a single flake
of graphene. But our interest is mostly in studying interaction of electromagnetic waves with graphene and
applications that might follow. This material exhibits unconventional electronic and optical properties,
intriguing many research groups across the world including us. Our group as well as few others pioneered
investigating prospect of graphene for plasmonic devices and in particular plasmonic metamaterial structures
and transformation optical devices. Finally, we examine the support effects on the CO oxidation reaction on
graphene-supported Pt13 nanoclusters. This provides a guideline for R2R system design and ultimately helps
to achieve cheaper, faster, and more powerful graphene-based flexible electronics. Although graphene can
easily adopt a similar morphology to its underlying substrate, the properties of graphene are largely influenced
by its environmental and substrate interactions. The results of this study show that strong cluster-support
interactions can substantially reduce the reaction barrier for CO oxidation on graphene-supported clusters
compared to unsupported ones. Numerous photonic functions and metamaterial concepts are expected to
follow from such platform. The main focus of this dissertation is to investigate the properties of such
metal-graphene nanocomposites using computational methods, and to develop a comprehensive understanding
of the experimentally observed enhanced catalytic activity of graphene-supported Platinum Pt clusters.
Doctoral Dissertations. In particular, we seek to understand the role of graphene supports on the ground-state
morphology and the electronic structure of graphene-supported Pt nanoparticles, which correlate strongly with
their catalytic activity. This dissertation reports an improved graphene synthesis. The physical imprint
mechanism was further extended to engineering pre-designed patterns selectively on the bottom surface of the
rGO membrane.


