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Summary: Various sized titanate nanofibers were prepared by hydrothermal reaction of aqueous 
solutions containing the respective alkali (KOH and NaOH) and anatase in stoichiometric amounts at 
170-200 °C for 96 h. Their morphological and structural properties were characterized by many 
methods, including the powder X-ray diffraction (XRD), the scanning electron microscopy (SEM), 
the fourier transform infrared spectroscopy (FTIR) and the UV/Vis spectrophotometer. Their 
morphologies depend on the experimental temperature and the solution conditions, in which the 
alkali metal plays an important role during the experimental process. When the size of titanate 
samples decrease, the UV-Vis spectra are blue-shift. This work provided an effective hydrothermal 
method to synthesize titanate nanofibers, which may be applicable to fabrication of other 
nanomaterials. 
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Introduction 
 

Recently, morphology-controlled fabrication 
of inorganic materials on a nanometer scale has 
achieved much progress. Understanding the 
morphology-structure and function relationship is 
very important for further fabricating highly 
functional materials in the practical applications [1-8]. 
Among the several attractive materials studied so far, 
titanate exhibits many morphologies ranging from 
fibers, tubes, wires, belts, rods, rings and so on[9-17]. 
Alkaline metal titanates with different structures have 
been investigated intensively due to their unique 
ferroelectric, dielectric, and piezoelectric properties. 
These properties are very important in the 
technological applications such as photocatalysis, 
solar energy conversion, semiconductors, 
photovoltaic devices, self-cleaning devices, gas 
sensors, selective adsorption, ion exchange, 
lithium-ion-battery, ultraviolet blockers and smart 
surface coatings [18-31]. 

 
The hydrothermal method has been 

successfully used to fabricate nanotubes of 
TiO2-related materials without using any other 
templates [17, 32]. Many investigations have been 
conducted on the fibers grown in the NaOH solution 
[33]. The titania nanotubes with a diameter less than 
10 nm could be synthesized by a reaction of NaOH 
and TiO2 nanoparticles (anatase or rutile structure). 
The obtained nanotubes can be built in a layered 
titanate structure trititanate of the composition 

M2Ti3O7 or MxH2-xTi3O7 (M= Na or K) [34]. 
Furthermore, these techniques may be applied for the 
fabrication of titanate nanowires using KOH (a.q.) 
[35]. However the formation, structure, morphology, 
and properties of titanates are not yet completely 
understood.  
 

Herein, we prepare potassium and sodium 
titanate nanofibers by reacting concentrated KOH 
and NaOH solution with TiO2 anatase powders via a 
one-step hydrothermal reaction. It is found that the 
reaction temperature and reaction solution are 
important for the morphology of titanate. The 
composition of the as-prepared titanate nanostructure 
has been investigated. All the chemical reagents used 
in this work are commercially available. Meanwhile, 
it has a potential value to fabricate the other inorganic 
nanomaterials through this simple, environmentally 
acceptable, and economic method. 
 
Results and Discussion 
 
Table-1: A collection of experimental conditions. 
No. KOH 

(mol) 
NaOH 
(mol) 

T 
(°C) Result 

1 0 0.3 170 Fig.1A; Fig.3A; Fig.5A; Fig.7A 
2 0 0.3 180 Fig.1B; Fig.3B; Fig.5B; Fig.7B 
3 0 0.3 190 Fig.1C; Fig.3C; Fig.5C; Fig.7C 
4 0 0.3 200 Fig.1D; Fig.3D; Fig.5D; Fig.7D 
     

5 0.3 0 170 Fig.2A; Fig.4A; Fig.6A; Fig.8A 
6 0.3 0 180 Fig.2B; Fig.4B; Fig.6B; Fig.8B 
7 0.3 0 190 Fig.2C; Fig.4C; Fig.6C; Fig.8C 
8 0.3 0 200 Fig.2D; Fig.4D; Fig.6D; Fig.8D 

*To whom all correspondence should be addressed. 
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The XRD patterns of as-prepared sodium 
titanate are shown in Fig. 1. It can be seen that the 
crystal phase of the as-prepared sodium titanate 
nanofibers depends on the experimental temperature. 
The alkali metal plays an essential role during the 
hydrothermal process. All the peaks in these XRD 
patterns of the product formed at different 
temperature may be identical to the same material. 
The strong diffraction peaks of 2θ ≈ 9.78°, 27.85°, 
and 33.38° may correspond with the (200) plane, 
(310) plane and (301) plane of H2Ti2O5⋅H2O (JCPDS 
No. 47-0124). The other strong diffraction peaks of 
2θ≈10.22°, 16.40° and 28.96° may correspond with 
the (011), (111), and (220) plane of H2Ti4O9·H2O 
(JCPDS No. 36-0655). The layer structure of 
Na2Ti2O5⋅H2O and Na2Ti4O9·H2O are similar to 
H2Ti2O5⋅H2O and H2Ti4O9·H2O. Meanwhile, the 
diffraction peaks of 9.78°, 27.85°, and 33.38° may be 
supposed to correspond with (200), (310), and (301) 
plane of Na2Ti2O5⋅H2O. The diffraction peaks of 
10.22°, 16.40°, and 28.96° may be supposed to 
correspond with the (011), (111), (220) plane of 
Na2Ti4O9·H2O [36].  
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Fig 1: The typical XRD patterns of titanate 

synthesized by treating anatase with 10 M 
NaOH for 96 h at A) 170 °C; B) 180 °C; C) 
190 °C; D) 200 °C. The experimental 
conditions are given in Table-1. The solid 
curves are the experimental XRD patterns; 
the dashed curve is the simulated patterns, 
which are carried out with the data JCPDS 
No. 47-0124 (H2Ti2O5·H2O) and JCPDS No. 
36-0655 (H2Ti4O9·H2O). 

 
From the samples A to D in Fig. 1, the three 

peaks (2θ ≈ 10 °, 28°, and 33°) become weak with the 
increase of experimental temperature. The 
crystallinity of the materials is gradually decreased, 
when the experimental temperature is gradually 
increased. With an increase in the temperature, the 
diffraction peaks (2θ ≈ 10°) become weak. From the 
above analysis, all the peaks may not be clearly 
indexed as a pure phase of titanate. The as-prepared 
products may be a mixture phase of Na2Ti2O5·H2O 
and Na2Ti4O9·H2O. 

 
Fig. 2 shows the XRD patterns of 

as-prepared titanate. It can be seen that the phase of 
potassium titanate nanofibers strongly depends on the 
experimental temperature. And the alkali metal plays 
a key role during the hydrothermal process. The 
strong diffraction peaks of 2θ≈24.11°, 29.94°, and 
30.13° may correspond with the (110), (31-1), and 
(20-3) plane of K2Ti6O13 phase (JCPDS No 40-0403). 
The other strong diffraction peaks (2θ≈11.33°, 12.95°, 
and 29.76°) correspond with the (200), (20-1) and 
(-311) plane of K2Ti8O17 (JCPDS No 41-1100). 
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Fig 2: The typical XRD images of titanate 

synthesized by treating anatase with 10 M 
KOH for 96 h at A) 170 °C; B) 180 °C; C) 
190 °C; D) 200 °C. The experimental 
conditions are given in Table-1. The solid 
curves are the experimental XRD patterns; 
the dashed curve is the simulated patterns, 
which are carried out with the data JCPDS 
No. 40-0403 (K2Ti6O13) and JCPDS No. 
41-1100 (K2Ti8O17). 

 
From the samples A to D in the Fig. 2, these 
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peaks (2θ ≈24° and 30°) become gradually weak with 
the increase of experimental temperature. It means 
that the crystallinity of the product is decreased 
gradually, when the temperature is increased. When 
the temperature became high, the diffraction peak 
( 2θ ≈ 24°) become weak. From the above analysis, 
all peaks can not be clearly indexed as a pure 
monoclinic phase of titanate materials (Fig. 2). The 
as-prepared products may be a mixture phase of 
K2Ti6O13 and K2Ti8O17. 
 

SEM images of the titanate samples are 
shown in Fig. 3. It can be seen that most of the 
morphology are the wire-like morphology (some are 
aggregated). When the experimental temperature is 
changed, the morphologies of the titanate products 
are different. Therefore the experimental temperature 
plays a key role during this hydrothermal process.  

 

 
 
Fig. 3: The typical SEM images of as-prepared 

titanate synthesized by treating anatase 
with 10 M NaOH for 96 h at A) 170 °C; B) 
180 °C; C) 190 °C; D) 200 °C. The 
experimental conditions are given in Table 
1. The main images are Low-magnification, 
scale bar = 1 µm; the inserts are 
High-magnification, scale bar = 200 nm. 

 
Fig. 4 shows the SEM images of the 

as-prepared titanate samples. It can be seen that all of 
the morphologies exhibit the fiber-like morphology 
(the ration of length/diameter is larger than 10). 
When the experimental temperature is changed, the 
morphologies of the titanate products are almost the 
same in the fibe-like morphology, but diameter of the 
fiber are different. Compared to Fig. 3, it can be 
clearly seen that the potassium titanate are easier to 

form the wire-like morphology than that of the 
sodium titanate during our hydrothermal process. 

 

Fig. 4: The typical SEM images of as-prepared 
titanate synthesized by treating anatase 
with 10 M KOH for 96 h at A) 170 °C; B) 
180 °C; C) 190 °C; D) 200 °C. The 
experimental conditions are given in 
Table-1. The main images are 
Low-magnification, scale bar = 1 µm; the 
inserts are High-magnification, scale bar = 
200 nm. 

 
In Fig. 5, the FTIR spectra peaks of the 

samples have a little difference. The stretching 
vibration peaks of –OH (∼3500 cm-1) are changed 
from sample A to D. The peak (∼3500 cm-1) may be 
attributed to O-H stretching vibrations of adsorbed 
water molecules or the structural -OH group. The 
peak (∼1650 cm-1) may be attributed to -OH bending 
vibrations. It should be pointed that the as-prepared 
nanofibers have the sharp absorption peaks at 470 
cm-1, which can be indicate the formation of 
trititanate structure. Moreover, the broadening of 
∼3500 cm-1 stretching vibration indicate the different 
-OH group. And they formed probably on Ti-OH 
surface. It can be seen that the -OH stretching 
vibration peaks (∼3500 cm-1) of samples (from A to D) 
gradually become strong with the increase of 
hydrothermal temperature. And the products can be a 
mixture phases of Na2Ti2O5·H2O and Na2Ti4O9·H2O 
(from the above XRD analysis). The stretching 
vibration peaks (-OH) gradually become strong due 
to the quantity of -OH gradually increases in the 
mixture phases [37, 38] 
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Fig. 5: FTIR spectra of as-prepared titanate 
synthesized by treating anatase with 10 M 
NaOH for 96 h at A) 170 °C; B) 180 °C; C) 
190 °C; D) 200 °C. The experimental 
conditions are given in Table-1.  

 
Fig. 6 shows the FTIR spectra absorption 

peaks of samples. The shape of the spectra is almost 
the same compared to Fig. 5. The peak (∼3600 cm-1) 
may be attributed to O-H stretching vibrations of 
adsorbed water molecules or the structural -OH 
groups. The peak (∼1650 cm-1) may be attributed to 
the -OH bending vibrations. It should be pointed that 
the as-prepared nanofibers have the sharp absorption 
peaks at 470 cm-1, which can be indicate the 
formation of trititanate structure. Moreover, the -OH 
stretching vibration peaks of samples (from A to D) 
are very similar. The yield of potassium titanate has 
not a strong relationship with the increase of 
hydrothermal temperature. The samples have almost 
the same morphologies Fig. 4.  
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Fig. 6: FTIR spectra of as-prepared titanate 

synthesized by treating anatase with 10 M 
KOH for 96 h at A) 170 °C; B) 180 °C; C) 
190 °C; D) 200 °C. The experimental 
conditions are given in Table-1. 

Fig. 7 shows the UV vis diffuse reflectance 
spectra of titanate samples. The absorption properties 
of titanate samples changed significantly with 
different hydrothermal temperature. There is a blue 
shift for the samples from A to D compared with that 
of the monodispersed Titania nanosphere. The onset 
wavelength of the spectrum is ∼370 nm in the 
samples A to D. The size of the titanate samples 
decreased, and the band-gap energies increased. 
Because the band-gap energy of nanoparticles 
increases with a decrease in the gain size [39]. 
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Fig. 7: UV vis diffuse spectra of the as-prepared 

titanate samples synthesized by treating the 
anatase with 10 M NaOH solution for 96 h 
at A) 170 °C; B) 180 °C; C) 190 °C; D) 
200 °C. The experimental conditions are 
given in Table-1. 

 
 
Fig. 8 shows the UV vis diffuse reflectance 

spectra of titanate samples. The absorption properties 
of titanate samples changed significantly. There is a 
blue shift in the samples B to D (except the sample A) 
compared with that of Titania sphere. The onset 
wavelength of the spectrum is ∼370 nm in the 
samples B to D are about 370 nm. There is a red shift 
in sample A, compared with the Titania sphere. The 
onset wavelengths in the sample A are ∼390 nm. In 
the Fig. 8, the absorption edge of the titanate samples 
are almost in the left side of TiO2 (except sample A). 
In Fig. 2, there are the diffraction peaks of anatase in 
sample A. The sample A of the UV/Vis spectra is 
similar with the TiO2, which may prove indirectly 
that the sample A contained more TiO2 as a mixture 
phase.  
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Fig. 8: UV vis diffuse spectra of the as-prepared 

titanate samples synthesized by treating the 
anatase with 10 M KOH solution for 96 h 
at A) 170 °C; B) 180 °C; C) 190 °C; D) 
200 °C. The experimental conditions are 
given in Table-1. 

 
Experimental 
 

In is work, all of the chemical reagents were 
analytical grade. The samples are synthesized from 
anatase powder using a simple hydrothermal 
approach in the different alkaline solution, which is 
similar to the method reported in our previous work 
[40, 41]. The anatase powder was mixed with the 
concentrated KOH or NaOH solution, and then 
ultrasonicated for 10~20 min. Then the mixed 
solution was transferred into the Teflon-lined 
stainless steel autoclave. Then the autoclave was 
maintained for 96 h at the temperature of 170 °C, 180 
°C 190 °C and 200 °C in an electric oven. Then, the 
autoclave was cooled down naturally to room 
temperature. And the obtained white precipitates 
were filtered and washed with deionized water. 
Finally, the as-prepared samples were dried at 50 °C 
for 5 h. The detail experimental conditions are given 
in Table-1. 

 
The phases and structure of the as-prepared 

titanate samples were further characterized by 
powder X-ray diffraction (XRD, D/Max 2400, 
Rigaku, by a diffractometer) in the 2θ angles ranging 
from 5º to 90º. The FT-IR spectra were recorded on a 
Fourier transform infrared spectrometry (FT-IR, KBr 
disk method; NEXUS) at wavenumbers in the range 
450-4000 cm-1. The morphology and size of titanate 
samples were characterized by a scanning electron 
microscope (SEM, JSM-5600LV). The UV/vis 
diffuse reflectance spectra were recorded on a 
UV-vis-NIR spectrophotometer (JASCO. V-550).  
 

Conclusion 
 

In this work, the morphologies of the 
as-prepared titanate strongly depend on the 
experimental conditions. In the hydrothermal process, 
the alkali metal plays a key role. It can be 
demonstrated that the titanate samples exhibit a sharp 
optical absorption peak, and the blue-shifted relative 
to the bulk titania. This optical property is very 
important to ensure their properties performance in 
the various applications. We have provided a simple 
and effective approach to synthesize titanate 
nanofibers in the alkali solution (NaOH or KOH). 
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