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Abstract

Abstract

Chemical modification of semiconductor surface is of great interest because of
its potential applications. A marriage of organics and semiconductors is expected to
result in new device applications, including molecular electronics, sensors,
nanotechnology and so on. Due to the limited resolution of experimental techniques,
however, it is becoming apparent that the interplay between experimental and
theoretical studies is crucia to better understanding of complex surface reactions. In
this thesis, we report the results of density functional cluster model investigations on
the mechanisms of a series of surface reactions between organic molecules and the
Si(100)-2x1 and Si(111)-7x7 surfaces. The following conclusions can be drawn:

I. Mechanism for the attachment of 1,3-cyclohexadiene on Si(100)-2x1 surface

(1) The adsorption of 1,3-cyclohexadiene on Si(100)-2x1 surface follows a diradical
mechanism.

(2) Among several possible pathways concerned, the intra[4+2] cycloaddition is the
most favorable one both thermodynamically and kinetically, followed by the
inter[4+2] and the intra[2+2]. This prediction accounts well for the previous STM
observations.

II . Cycloaddition chemistry of styrene and phenylacetylene on Si(111)-7x7:

selectivity, configuration and formation mechanism

(1) Styrenefavorsadiradical [4+2] cycloaddition involving both the external C=C
and an internal C=C of the phenyl ring with an adjacent adatom-rest atom pair,
forming a 5-ethylidene-1,3-cyclohexadiene-like skeleton.

(2) For the reaction of phenylacetylene with the surface, the [4+2]-like process is
kinetically preferential, whereas the [2+2]-like process involving solely the
acetylenic group and the surface adatom-rest atom pair thermodynamically
preferential. Therefore, at low temperature, the kineticaly preferential [4+2]-like
addition occurs with formation of the [4+2]-like adspecies, whereas at high
temperature, the thermodynamically preferential [2+2]-like addition takes place to
afford the [2+2]-like adspecies.



Abstract

III. Mechanism for the attachment of some N-containing organic molecules on Si
surface

(1) Acetonitrile can be readily chemisorbed on Si(111) surface via the H-dissociative
pathway, which is more favorable than CN[2+2] pathway, and gives rise to a
Si—N=C=CH, adspecies with the H atoms attached to the Si; atom.

(2) For the attachment of acrylonitrile on Si(111) surface, [4+2]-like addition is the
most favorable both kinetically and thermodynamically, resulting in the [4+2]-like
cycloaddition product with the N atom attached to the Si; atom .

Keywords. Chemical Modification; Density Functional Theory; Si Surfaces
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