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In this dissertation, a variety of periodic calculation methods are introduced and
successfully applied for accurate calculations of physicochemical properties of some organic
molecules on different metallic nascent surfaces. Moreover, the analysis method is
developed and introduced. The periodic density functional calculations combined the
plane-wave basis and the pesudopotential method are found to be an useful tools for accurate
estimation of the adsorption properties of organic molecules on metal surfaces at relatively
low computational cost and also for prediction of a new lubricant which can be used in
tribology field. The Quantum Chemical Molecular Dynamics method was adopted to investigate
the dynamical adsorption properties and gave the reasonable results for applying to
large-scale systems.

In chapter 3, the first principle density functional theory (DFT) calculations have been
carried out in order to investigate the adsorption properties of various organic molecules
on the clean Al surfaces. We have calculated the adsorption energies for methanol, ethylene,
ketone, and dimethyl ether molecules, which are widely used in the lubrication field. It
has been found that the calculated adsorption energies are in good agreement with the

experimental data. The adsorption energy order of the organic compounds can be presented
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as follows: methanol > ketone > dimethyl ether > ethylene. Furthermore, the molecular
adsorption of ethylene, methanol and methanethiol on Fe (100) surface is reported in chapter
9. It has been observed that the molecular adsorption of methanethiol on the Fe (100) surface
occurs more easily than that of ethylene and methanol. The abridge adsorption site for
methanethiol and ethylene are more stable than other sites, in case of methanol adsorption,
the on—top site is favorable.

In chapter 4, the nature of S-Au bond forming was studied through methanethiol molecule
adsorbed on Au (111) surface. In order to take into account the influence of initial structure
to adsorption system, two different initial structures as 4—fold and bridge initial structure
were considered. After optimization calculation, we got the almost similar structure as
on—top site geometry. Further insight into the association of S—Au bound comes from the
density of states (DOS) were accounted for adsorption of methanethiol on Au (111) surface.
On the basis of the atomic density of states analysis, the p orbital of S atom contributes
most to this state (89%) in the adsorption system. This indicates the strong interaction
occurred between the S atoms and the surface Au atoms. In chapter 4, the prediction of the
adsorption property for large organic molecules on several metallic surfaces was also carried
out. We found that the component of orbital for all three surfaces (Fe, Cu and Au) are mainly
from d states, it is also certified d orbital play an crucial role in transition metallic
surface, this standpoint is in agreement with several previous research. It is suggested
that iron surface should show the strongest activity than that of copper and gold surface.
On the basis of analysis from electron transfer direction, it was showed that there is the
same tendency: C,H,SC,H; has highest adsorption activity on iron surface compared to copper
and gold surface; iron has high adsorption activity for CH;SCH; and C,H;0C,H; than copper and
gold surface; after iron surface, copper surface should has higher activity than gold surface.
C,H;SC,H; has higher adsorption activity than C,H,OC.H: molecule.

In chapter 5, firstly, structure parameters for benzene molecule are reported. Secondly,
the computed adsorption energies and geometries at the different high symmetry sites are
presented. Hollow-hcp and hollow—fcc adsorption site are observed as activity adsorption
sites. Thirdly, we analyze the change of the orbital energies upon adsorption in order to
gain insight in the site preference of benzene. In the case of iron surface, d orbital of
iron plays a crucial role in adsorption system. In the case of benzene molecule, the analysis
of partial density of states confirms the assumption of bonding via the = states: the =
states are broadened and shifted to lower energies. This chemical shift stresses the important
role of the = states in the adsorption. In addition, the donation of electrons from the

substrate to the adsorbed molecule leads to a partial occupation of an additional antibonding
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n state for adsorption. Thus C atom bonded to an iron atom, and Fe-C bond came into being,
In the final section, the molecular dynamics behavior is elucidated for benzene adsorbed
on iron surface. Corresponding to the adsorption sites that we mentioned before, we found
the frequency of hollow-hcp sites arised about 60% and hollow-fcc sites took place around
20% among 2000 steps. This tendency is in agreement with quantum calculation in this chapter.,
From the simulation, C-H bohd distorted from aromatic ring, and the H atoms are tilted away
from the iron surface. In this chapter, even though this study did not give the concrete
value for entropy, the effect of entropy has already been reflected during calculation by
colors.

In chapter 6, the nature of benzene/cyclohexane adsorbed on variety gold nascent surfaces
is investigated by using accelerated quantum chemical molecular dynamics method that is
developed by our group. From orbital shapes for clean gold surface, point defect surface
and step defect surface, the high reaction orbitals are appeared on defect surfaces. We found
that both benzene and cyclohexane molecules are easily adsorbed in point defect and step
defect nascent gold surfaces. Step defect surfaces showed high activity than that of point
defect surface, cyclohexane systems were obtained high adsorption energies than that of
benzene adsorption energies. The nature of such adsorption systems was investigated from
charge information and HOMO-LUMO analysis. The sequence is in agreement with adsorption
energy.

In the present dissertation, the theoretical investigations about adsorption system are
proved to be reasonable and reliable for both DFT and QCMD methods. At the same time, the
applicability and effectiveness of these two methodologies are justified, since the various
experimental justifications are reproduced very well. On the basis of these periodic models
and methodologies, some essential issue especially regarding the active site of molecule
on nascent surfaces have been elucidated by means of a series of adsorption studies. Although
adsorption energy cannot reflect all the factors like friction coefficient, friction velocity,
viscosity coefficient and so on, it is still the important factor for reflecting the strength
of coating in lubricants. Furthermore, some properties have been predicted and revealed for
deeply understanding the adsorption systems and contributing towards design and development

of lubricant in tribology fields.
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