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INTRODUCTION

e Graphene is a mono-layer carbon material; it is the
most conductive material in the world, it is
transparent, and it has a large surface area to
volume ratio (Chen et al., Aug. 2011, p. 2799).

e Fullerene is a form of carbon that has a large
spheroidal molecule consisting of a hollow cage of
atoms

e One of the problems with producing graphene-
based fullerenes is the various folding methods
that cause the properties to differ on the particular
type of material(Wang et al., Apr. 2009, p.102).

e Graph theory is a field of pure maths that studies
that pairwise relationships between objects.

e This particular field has been used to study the
topological characteristics of materials in
chemistry and more recently the edge effect of
graphene.

Fig 1. This represents a graphene sheet
matrix configuration
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What is the genesis of chirality, and can graph
theory provide insights into modeling fullerene
growth?

The subset research questions are:

-What are the echanisms of nanotube and graphene
growth?

-Can Graph Theory describe graphene (CNTs, esp.
chirality)?

-Can Graph Theory describe emergence properties of
graphene?

-Can graphene be used to model the geometry of
smaller sP2 domain growth?

-Can Graph Theory help categorize fullerenes and
possible growth mechanisms?

METHODS

e Quantum Espresso (v. 5. 4. 0) using Density
Functional Theory (open source)

e Hand Calculate coordinate of plain graphene sheet
and ribbon

e Inquiry Approach True Experimental Approach

e Data Collection Measurement (by simulation)

e Data Type Quantitative Data

« Data Analysis Descriptive statistics
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Fig 2. This is an atomic distance energy

ENTHALPY ANALYSIS:

AH = Hcalculated final — (szeml T Hhole)

embedding energy and geometric data:
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e Similar geometric and energy trend as the Graph

e Stronger repulsive forces between a larger electron

cloud of metal atom pushes it further away from the

Fig 3. Image of electron density around doped area. The geometries
can be generated and verified through graph theory

neighboring carbon atoms,

MAGNETIZATION ANALYSIS:
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magnetization data:

Total Magnetization (Bohr mag/cell) for Double Metal Atom Configurations
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Ranking:

1.Pt-ribb2-side

2.Ni-ribb2- side

3.Structures containing one Co
4.Structures that do not contain any Fe
5.Structures that contain Fe and Co

e Pt-ribb2 , all of the magnetization was localized on
the Pt metal atom, spread over the s and d orbitals.

e Ni-ribb2, all of the magnetization was also localized
on the Co metal atom, mostly in the 3dz orbital.

e Pt and Ni embedded in graphene have the potential
to store data due to magnetization preserved on the
metal atom. Ni and Pt embedded in graphene have
close to no magnetization, which makes it impractical
to use for data storage.

CONCLUSION

e From this work, structures embedded with Ni
seemed most promising.

» These data are organized by [atomic symbol]-
[configuration]. In the first two graphs, we’ve
collected magnetization data on the simulated
materials (single metal and then double metal).

CONCLUSION (cont.)

e Magnetization is a measure of spin up electrons-
spin down electrons, and is a indicator of how the
electrons are being rearranged in the material/how
attractive the metal atom is.

e The embedding energy is how much energy is
needed to embed the metals we’ve selected into a
“blank” clean slate of graphene.

FUTURE WORK

e We are still looking for data to compare, but the
goal was to find experimental magnetization and
embedding energy of these materials to compare
with the data on our theoretical structure. If they
are reasonably close, then we can conclude that
our graph theory geometric model was in fact able
to model chirality and fullerene growth. The next
step is to find citable data to compare out collected
data to.

e By analyzing band structures, we could further
understand the magnetization properties of the
material and calculate its momenta.

 We could also try more configurations with
different metals, so metals with similar periodic
properties could be compared with each other.
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