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(7] First-principle study of ammonia decomposition and nitrogen incorporation on the GaN
surface in Metal Organic Vapor Phase Epitaxy

We study first-principle total-energy electronic-structure calculations that clarify reaction pathways and
corresponding energy barriers for the decomposition of NHs; and the subsequent N incorporation on the
growing GaN surface in Metal Organic Vapor Phase Epitaxy (MOVPE). On the contrary to a prevailed picture
in the past, we find that the reaction is catalyzed by the presence of the surface. All the calculations have been
performed in the density-functional theory with the generalized gradient approximation. We utilize our own
code named RSDFT. Reaction pathways and corresponding energy barriers are calculated with the
hyper-plane constraint method. After identifying growing surface which is Ga rich in general, we have
determined adsorbed structure of NHz on the Ga rich surface. On the Ga-rich surface, relatively weak Ga-Ga
bonds exist. We have indeed found that the reaction, [NH3 on GaN] = [NH in GaN] + [H2 in gas phase],
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takes place with the energy barrier of 0.48 eV. After this reaction, N in NHs intervenes in the weak Ga-Ga
back bond, forming the network of —Ga adatom — N(H) — Ga —. Then we have explored the possible reaction
when this configuration is formed at the same Ga-adatom site. We have found a reaction pathway in which
two H atoms in the two NH unit get together and desorbed in the gas phase and the remaining N atoms form
Ga-N bonds. One of the two N atoms even becomes 4-fold coordinated with neighboring Ga atoms, thus
forming a new basic unit constituting the GaN film. The energy barrier for the reaction is found to be lower
than 1.5 eV at zero temperature. Evaluating the hydrogen chemical potential at 1300 K in gas phase, we have
found that the whole reaction of the formation of GaN unit and the H desorption is highly plausible in GaN
MOVPE.

[8] MM and QM study of photoswitchable molecules, diarylethene derivatives

Recently, molecular photoswitches have attached enormous attention due to their potential applications
in modulating physical and chemical properties of materials upon photoirradiation. Among various
photoswitchable molecules, the diarylethene derivatives got special interests, which are capable to be applied
in the future optoelectronic devices, such as high capacity optical memories and ultrafast switches. To reveal
the properties and the photoinduced transformation mechanism of the diarylethene derivatives, many
experiments have been done, however, there is still a long way to achieve this goal. Computer simulations are
complementary to experiments. They can provide invaluable insights and give more mechanistic details that
cannot be gained by experiments alone. Herein, | concentrate my research on learning the photoinduced
reversible morphological transformation of diarylethene derivative through MM and QM methods.

I utilized AMBER99 force field to study the structures and properties of the bilayer system composed of
diarylethene derivatives. The calculations were carried out by using AMBER and GROMACS molecular
modeling packages. The simulation can get the bilayer structure through AMBER99 force field, the results
can be used to do qualitative analysis. It showed that hydrogen bonding and stacking interactions play an
important effort in bilayer system, however, due to AMBER99 force field underestimated the stacking
interactions, there is an error in thickness bilayer between the calculated result and the experimental value.

Recently, many research about the photochromic mechanism of diarylethene have been done, however,
there was some debate about the genuine reaction pathway of photocyclization and photoreversion. One view
is that the reaction pathway is completed via the excited S1 state after the photoirradiation. Another point of
view, the reaction path is through the S1 state to S2 state and finally returned to SO state. | want to find the
pathway that occupies a higher possibility. Firstly, I need to find the conical intersections between two excited
states. Secondly, | will calculate the reaction energy barriers in different reaction pathway to explain which
path occupies a higher possibility.
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