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TITANATE NANOTUBES/DIELECTRIC PROPERTIES/HYDROTHERMAL

METHOD/ NANOTUBES

In this work, the titanate nanotubes (NaxH2xTizO7.nH,0; TNTSs) and
Fe/Co-doped TNTs (i.e., A(BxTi3xO7) (A = NaggsH1.04'3.42H,0, B = Fe or Co,
where x = 0, 0.05, 0.1, 0.2, 0.3 and 0.4 ) were synthesized by hydrothermal method.
These samples were prepared using TiO2 in 10M NaOH at temperatures of 130 °C
for 24 h. The prepared samples were characterized by X-ray diffraction
(XRD), scanning electron  microscopy (SEM), transmission  electron
microscopy (TEM), high-resolution transmission electron microscopy (HRTEM),
energy-dispersive X-ray spectroscopy (EDX), thermal gravimetric analysis (TGA),
fourier transform infrared (FTIR), UV-Vis spectroscope (UV-Vis) and vibrating
sample magnetometer (VSM). The valence states of Ti, Fe and Co ions were
determined by using X-ray photoelectron spectroscopy (XPS) and X-ray absorption
near edge structure (XANES). The XRD result indicated that all sample had trititanate
(A2Ti307, A = Na or H) phase without any impurity phases. The diameter and length
of the nanotubes were found to be ~7-15 nm and micrometer scales, respectively. The
wall involves multilayer about 3-4 layers with distances between layers of ~ 0.782-

0.788 nm. The TGA and FTIR results indicated that the large amount of water



v

molecules for TNTs was within the nanotubes. The valence states of Fe, Co and
Ti ions were in  the Fe?*, Fe*" and Co”" and Ti*" state, as observed evidence of
oxygen vacancy (Vo) in structure. UV-Vis spectra showed a redshift to the band gap
energy due to Fe or Co substitution. Room temperature magnetization results
indicated that TNTs are diamagnetic, whereas Fe/Co-doped TNTSs are ferromagnetic
and paramagnetic. The Room temperature Ferromagnetic observed in Fe/Co-doped
TNTSs originates due to the Vo, supporting the Vo mediated ferromagnetic exchange
mechanism. Our samples the observed paramagnetic signal is because of the free ions
of TM without magnetic impurities. The dielectric and electrical properties are
investigated as functions of frequency, temperature, dc bias voltage and current
voltage. For the dielectric properties, all the TNTs and Fe/Co-doped exhibited high
dielectric constant (¢') values of about 10°-10°. The dielectric relaxation in the
samples can be ascribed by Cole-Cole relaxation equation combining with the dc
conduction term. For Fe/Co-doped TNTs, the &' increases with increasing
concentration of Fe doping ions, whereas, the ¢ decreases with increasing
concentration of Co doping ions. This suggests that the Fe or Co doping influences
the TNTs substitution and second phase. Interestingly, the loss tangent (tand) of
Fe/Co-doped TNTs significantly decreased; while the dielectric constant remained
high. The dielectric response behavior could be attributed to interfacial polarization

mechanism, resulting from the inhomogeneous structure.
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