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WUTTHISAK PRACHAMON : DENSITY-FUNCTIONAL STUDY OF
HYDRAZINE DOPED SINGLE-WALLED CARBON NANOTUBES.

THESIS ADVISOR : PROF. SUKIT LIMPIJUMNONG, Ph.D. 94 PP.

DFT/CARBON NANOTUBES/TDDFT

In this thesis, reported the theoretical study of hydrazine doped single-walled
carbon nanotube (SWCNT), the calculation was carried out by using first-principle
calculation based on the density functional theory (DFT) corrected by the van der
Walls (vdW) interaction. The DFT was used to carry out the periodic boundary
condition (PBC) geometry optimization which hydrazine formed the hydrogen bond
network (HBN). The electronic band structures are classified according to three
group, first, the impurity state below the maximum valence state (ISBMVS), second,
the impurity state close to the maximum valence state (ISCMVS) and, third, the DS.

The reduced density gradient (RDG) approach and the Bader charge analysis
were used to reveal the hydrazine molecule which cause DS to occur. We found that
the case of DS occurrence, it depends on both HBN and configuration of a hydrazine
molecule; the molecule a H atom of both side of itself point to a N atom of another
molecule (a N atom of itself could pointed by a H atom of another molecule). The
condition for electron charge transfer was considered based on projected density of
state (PDOS) of each molecule.

The nuclear magnetic resonance (NMR) chemical shifts (6) for noncovalent
interaction of hydrazine doped SWCNT was studied computationally using gauge-

including projector-augmented plane-wave (GIPAW) DFT. The *C NMR § for the
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case of DS occurrence was described. To confirm the configuration which obtained
DS we found *C NMR & shifts to a lower frequency (4 ppm) for N-H---m interaction
when compare to pristine SWCNT, and shifts to a higher frequency for the case of
vdW interaction. The local structure signature of "H NMR 3 of a hydrazine molecule
which cause DS to occur was used to identify electronic band structure. For 'H NMR
8 of hydrazine molecules, when HBN occurrence the 'H NMR 3§ shifts to a higher
frequency when compare to isolated hydrazine (Gauche), and more shifts to a higher
frequency (10 ppm compare to TMS) for the molecule that satisfied the condition DS
to occur.

The absorption spectra will be calculated by using time-dependent density
functional theory (TDDFT). The DS in physisorption of hydrazine doped SWCNT is
a cause for change the optical transition of £;; and photon absorption energy. When
hydrazine caused the degenerate band of SWCNTs to split into nondegenerate bands
((-),(+)), the optical transitions also changed. In the case of DS occurrence the dark
excitons changed to bright excitons are the optical transitions from HOMO-0(+) —

LUMO+3(+) and HOMO-0(-) — LUMO+3(-).
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