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Carbon based materials are studied intensively due to their interesting electronic and
structural properties. They find various applications in nanoelectronics, medicine or material
engineering. Those applications where triggered by discovering new carbon materials
structures such as fullerens, nanotubes and single graphite sheets so called “graphenes”. In
nature however carbon element crystal manifests-itself in two stable forms - graphite and

diamond. They present completely different structural and electronic properties.

Because of strong technological interest graphite-diamond transitions has been studied for a
long time. However so far approaches to this. problem where mostly concentrated on treating
graphite pills with high pressure followed by strong irradiation or high temperature, The
method is expensive and the results unsatisfactionary due to a number of impurities. Other
method like Chemical Vapor Deposition produces similar difficulties. Recently a new
approach has been proposed by so called photo induced phase iransition where graphite-
diamond transition is induced by a careful light irradiation. The key concept in this idea is
multistability where the material possess, besides true ground state, also a false one separated
by energ&' barrier. This barrier is high enough so possible transition through thermal
fluctuation is exclude. I is possible however to perform such a transition via photo excitation
and lattice relaxation. This process followed by proliferation may end in macroscopic, stable

domain resulting new material.

Such a scenario was experimentally induced by Tanimura and Kanazaki. After laser light
excitation they observed structural change of graphite sheet. STM images obtained by the
group shown a formation of interesting pattern — 1/3 of atoms forming a line along hexagon
centers where intruded downwards and 2/3 of atoms where extruded ﬁpwards. This suggests
forming a new, sp3-type bonds between neighboring layers. What is interesting,
transformation was very efficient, less than 10 photon to one, and resulting new material
domain has a large size of 1000 atoms order and it is very stable (up to 10 days long). Further
investigations revealed that transformation occurs only within two neighbouring layers.
Though such transformation is experimentally intriguing it produces many questions and
problems. Detailed structure and electronic properties of the new material and transformation

mechanism remain a mystery.



Presented Ph.D. thesis present research with following, two goals to achieve:

1. To investigate and find possible ground state diaphite structure. This task includes
estimating emergy barrier between initial graphite structure and the final ome.
Furthermore investigating basic properties ’of new material i.e. size and other
geometrical parameters defining it or conditions for stabilizatiqn‘is goal of this project.

2. To postulate and prove process enabling graphite-diaphite transformation,

The structure of the thesis is as follows. Chapter'1 is dedicated to introduction. In Chapter 2
Graphite and Diamond structures will be introduced with detailed explanations of its
structural properties. Furthermore crucial concepts of photoinduced phase transitions will be
described and its comnection to the hypothesis graphite-diamond transition. In Chapter 3
Brenner’s potential will be presented as a fimdamental tool in our structural calculation.
Hence in our calculation we deal with large systems that size is of order 10 000 atoms and
more, methods like LDF are no longer possible to use efficiently. Brenner’s potential, is
member of family of co called bond order potentials and follows the ideas introduced by
Abell and Tersoff. Those concepts. where successfully imployed in investigations of many
carbon based and hydro-carbon based composites. In the thesis the potential was appropriately
modified in order to calculate energy barrier between graphite and new phase as well is its
geometrical structure. This new material is called by us “diaphite”. In the chapter structural
calculation using aforementioned potential will be presented. The computations leads to
estimation of such a values and properties like energy barrier between thases, structure of the
new material, its energetic size evolution or other possible however not opiimal candidates for
the false ground state. In Chapter 4 possible scenario enabling transformation to occur will be
proposed. The chépter introduces the idea of exciton formation due to photoinduced charge
transfer between neighboring graphite layer. Most likely electron-hole system will relax due
to intralayer conduction. The contents of the chapter however prove that there exist small but-
finite probability of selflocalization of exciton due to Coulomb’s interaction. The Coulomb’s
interaction triggers graphite net dimerization leading to “diaphite” domain formation. In order
to prove this scenario appropriate, minimal Hamiltonian is introduced consisted of electron,
phonon and Coulomb interaction part. Using proposed electron-hole-phonon state as a base
large scale diagonalization of the Hamiltonian is performed leading to spectrum. Then it is
possible to calculate temporal evolution of initial state which leads to finite probability of
exciton self localization. In the chapter calculation’s details and results will be presented.

Finally Chapter 5 will be dedicated to conclusions.
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