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Electronic Structures and Chemical Modifications
of Nano-material Systems:
Carbon Nanotubes, Graphene, and Metal Oxide

Materials
Cheng-Hao Chuang

Abstract

In the nano-material systems, the electronic property of materials is dependent on
the construction of quantum confinement invelving the size and shape. For the
composition of electronic structuf”e, it"'.j§~,attr§k:;§'1§e .t-o 'st,udy the novel behaviors of
y,foffthe futufe

the chemical and physical propei.%y Jyhcatlon This work is to study

the electronic structures arrd its cﬁegmal mo, ctlons of the nanoscaled materi-
als, including carbon nanotubes (C‘\I~ s) ;gmﬁﬁfe e, and CuO nanowires. In order

roton beam is introduced

I*('D

to expand its utilizatiort, the ﬁ:l(:.usei

lase LOr energe
into the nanoscaled materlals foi‘ ejgxnee@lﬁg % elée{romc structure The inter-

action between the injected partlcl land* te1¥ leads to various performances

£ e
in physical and chemical ﬁeldg The 1rradljt~10n eﬁect ‘can effectively modify its
surface morphology, electronic structure7 chemical composmon, and chemical bind-
ing species. The electronic structure of materials and its chemical modification is
resolved by X-ray photoelectron spectroscopy (XPS). Due to the localized surface
functionalization, Scanning PhotoElectron Microscopy (SPEM) equipped with XPS
and PhotoElectron Emission Microscopy (PEEM) equipped with near-edge X-ray
absorption fine structure (NEXAFS) provide the chemical and elemental information
with the spatial resolution of 100 nm.

In the CNTs materials, a He-Ne laser beam through the optic microscope could
concentrate the beam on the surface of CNTs arrays. The result shows that the

electronic structure was able to be adapted by binding various gas species on the

CNTs surface. The laser beam was able to pattern the morphology on as-grown
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CNTs array for the purpose of patterned morphology in the CNTs-related applica-
tion. Behind that, the laser-induced defect site actually offer the potential area to
chemisorb gas atom. The proof of C-N and C-O bond in the chemical binding envi-
ronment were identified by XPS. After laser pruning removed the top region of CNTs
in air and N, environment, the modified region showed an enhanced chemical shift
of 0.9 and 0.6 eV in carbon 1s state, respectively. However, while CNT's is trimmed
in vacuum environment, the laser-induced defect in carbon 1s state revealed a small
chemical shift (< 0.1 eV). In the air-treated CNTs, the distribution of valence band
demonstrated the configuration transfer from C 2s and C 2s/2p band to C 2p-7
band, which was mostly derived from the correlation of defects and gas contribu-
tion. Due to the study of oxygen-treated CNTs, the structural defect with oxygen
species tended to produce the decreasing C 25 and C 2s/2p band and increasing C
2p-7 band. The modification of electromc structure was strongly dependent on the

gaseous environment. We demon%trate(l an. eﬁeotlve po‘%f-crrowth process to modify

One-atom-thick graphené Iayer is Qromls;x}g materlalsfor its outstanding trans-

g
port property, in partlcular @ ellectron jh@e]}}[‘h!e ™ electr@n formed by sp*-bonded
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carbon plays the important ru cheﬁhca,l physxpal performance. The en-
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ergetic proton beam was iﬁrrja%_if;l??e‘d onto the epitd 1&1 gTaphene (EG)/SiC sample,
for the purpose of modiﬁca‘tic;n m the Qléﬁﬁféﬂip-’th@rgcter. While the bulk SiC by
proton bombardment was raised thle topof EG’I&yer rup’ward, the sp?-bonded carbon
of EG sheet was partially removed oh tf1e entirely lirradiated area. The boundary of
laser-irradiated area showed a new form of sp? configuration. The isotropic angular
dependence of 7 state in NEXAFS spectrum indicated a rather random orienta-
tion of the remaining EG due to a loss of carbon atom, whereas the EG at the
boundary area almost retained its orientation perpendicularly. The structural and
chemical modification at different sites could be resolved by the space-resolved ba-
sis, which accounted for the ferromagnetic origin of proton-irradiated highly ordered
pyrolytic graphite (HOPG). The molecular reconstruction of carbon and hydrogen
atoms through proton irradiation might lead to the application of graphene-based

device. The ability to locally manipulate the structure and properties of EG using



focused ion beam will help to open up a new route to engineering EG with potential
for graphene-based electronics

One-dimensional copper oxide (CuO) nanowires is one of promising metal oxide
materials. We demonstrated the capability of chemical modification in semicon-
ducting CuO nanowires associated by focused laser. When laser beam was used
to trim as-grown CuO nanowires, it could heat and re-solidify nanowirs into the
drip-shaped microball. The unique spectral features which are assigned to CuO and
Cu configuration in O 1s state and VB spectra was distinguished from the Cu-CuO
nanowire synthesis. Due the elemental analysis in energy dispersive X-ray spec-
troscopy (EDS), we speculated that the chemical reduction of CuO to Cu existed
locally at the microball. Therefore, laser beam could lead some chemical reactions
such as thermal annealing and oxygen vacancy, in the case of the removal of oxygen
amount in the CuO nanowires. This' unlque hybrld—materlal involving metal Cu and
semiconductor CuO can be used as a baslc mefn for further nanoelectric devices.

In this work, the different physmql methods Were used to modify the electronic
property of materials. Usmg the a.bﬂlt_x of t?@\f)‘osmon—resolved chemical analysis
in SPEM and PEEM, we can dlstmgp sh@f rence of chemlcal binding environ-
ment and speculate the physlcal m C am;‘i} ﬁndings open up a new field in
controlling electronic strugturg\ for fu he‘r apphc.a 1or{ 3
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