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ABSTRACT

Oxide semiconductor materials exhibit excellent properties and new functions due to the synergy of their size and
shape. In this study, various structural tunings of titanium oxide (titania) nanopowders, which have low-
dimensional nanometer-scale structures such as nanotube structures and, hence, exhibit excellent physicochemical
and photochemical functions, were performed to further improve their photocatalytic properties and to add
advanced functions. Specifically, we describe the unique nanocomposite structures and their photocatalytic and
sensing properties of TNT-based nanocomposites with different materials (nanocarbons and conductive polyaniline
polymers) obtained by solution chemical processes. Furthermore, recent research results on the control of the
surface chemical structure of low-dimensional nanostructured titania by a simple chemical treatment to add visible
light responsivity, including process and structure, physical properties, and improvement of photochemical
(photocatalytic) functions, will be presented, aiming at applications in the environmental and energy fields, and

even in next-generation biomedical fields.
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Fig. 1 Strategic schematic drawing for structure tunings

EAREEA O TNT QW B LS - S b bR &
HEEREZRoT ) 2 gaRE R EZE72 (Eom
S.H.etal,, 2019),

BAMBHG L, BHoO INT SRICHw6R S
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of low-dimensional nanostructured oxide nanotubes.
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Graphene Oxide(GO)

Surface contact

X2 GO/TNT (a), CNT/TNT (b) DEZHEFERES SUBBRAEFEMEETE, LUV GO/TNT & CNT/TNT +

J BEMHOBEEXR (c).

Fig. 2 Microstructures of GO/TNT (a) and CNT/TNT (b) nanocomposites, and their schematic drawing of low-

dimensional nanocomposite structures (c).
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Fig. 3 De-coloration performance of TiO, nanoparticle
(P25), pure-TNT and core-shell CNT/TNT
nanocomposites under the dark (4.5 h) and UV
irradiation condition.
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Fig. 4 Room temperature CO gas sensing properties for pure TNT, CO/TNT and CNT/TNT nanocomposites.
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(a) Effect of pH (b)
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INATYy FO&ERAZEE b,

Fig. 5 Effect of pH change by dropping alkaline (NaOH)
solution on TiO, (P25)/PANI and TNT/PANI
nanohybrids (a) and linker-modified TNT/PANI
nanohybrid (b) synthesized by the direct UV
induced in-situ polymerization method.

TNT

T, ERCE RO pH IR L, BYES TR
PRI S A Z LD R S NIz F72, AT
LB A X7 bV TUE TNT W H 3 2 IR O
(37>, PANIZJRIE S 12 WA A3k & 425 nm A3
WCHER SN, ZOIANVF =Y ¥y v 73 INT
HHEAT3.46 eV, PANI DZEN252.48eV ThH 72,
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Fig. 6 Scanning (a) and transmission (b) electron
micrographs for TNT/PANI nanohybrid materials.
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Fig. 7 Scanning electron micrographs of linker-modified TNT/PANI nanohybrid tube (a), its elemental mapping images (b),
line analysis of nanotubes cross-section (c), and schematic drawing of the core-shell structures (d).
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R ALEE 1O, IREEICHAE L Tl B L7z (®19(a))o
7 — ) AW (FTIR) 58, XPS Ml
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Fig. 8 UV-vis diffused refrectance spectra, morphology (TEM) and optical bandgap energy values for H,O,-TNT samples
treated by different conditions. Results of TiO, (P25) and pure TNT were also shown as a comparison.
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Fig. 9 De-coloration performance of TNT and H,O,-treated TNTs with different H,O, concentrations (a) and plausible
structure model of peroxo-modified TNT crystal surface and photocatalytic processes (b).
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Fig. 10 Schematic drawing of fabrication processes and corresponding structure formation for visible-light responsible
peroxo-modified TNT (PTNT) and TEM and obtained powder images.
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Fig. 11 High-temperature X-ray diffraction patterns of PTNT (a) and temperature dependency of peak intensity and
diffraction angle of TNT (110) and crystalline size calculated from anatase TiO, (101) reflection formed above

600 °C from PTNT (b). (Park H. et al., 2020a)
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Fig. 172 TEM images and FFT diffraction patterns (T=Titanate, A=Anatase) of annealed PTNT at (a) 400 and (b) 500 °C
for 1 h, respectively, and reflectance spectra of PTNTs annealed at different temperatures (c: inset shows the

plots of (ahv)"? vs. Energy and obtained ene

temperatures. (Park H. et al., 2020a)
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Fig. 13 SEM images of potassium (K) derived titanaia
nanoribbon (a: PTNR) and lithium (Li) derived
titania nanoplate (b: PTNL), and normalized
intensity (C/C0) of RhB dye with respect to
incident light irradiation time in the presence of
TNT and PTNR under UV, visible, and solar
lights (c). (Park, H. et al., 2022)
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