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ABSTRACT

In this research, titanate nanostructures were prepared via a simply hydrothermal method with different hydrothermal temperature
which are 100, 150, 200, 250 °C for 24 hours. Commercial TiO

2
 powder (merck) was used as a precursor and the synthesized

samples were characterized using FT-IR, XRD, FESEM, nitrogen gas adsorption and TG analyses. The results revealed that the
structure, texture and morphology of samples strongly depend on the temperature of hydrothermal treatment. Hydrogen
trititanate nanofibrous was produced at 150 °C, meanwhile, sodium trititanate nanorods were obtained at 200 and 250 °C. At low

hydrothermal treatment (100 °C), no reaction was happening. The diameter of nanofibrous and nanorods were found to be (25-

30) nm and (250-300) nm, respectively. Hydrogen trititanate nanofibrous possessed the highest surface area due to their small
elongated fiber structures thus offers a great potential as adsorbent.  2020 Knowledge Empowerment Foundation
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INTRODUCTION

In 1998, first researcher was successfully produce
TiO

2
 derived nanotubes by a simple hydrothermal

treatment of TiO
2
 powder in 10 M NaOH aqueous

solution and subsequently washed with HCl aqueous
solution[1]. This method is an inexpensive and simple
method, and has recently been employed to fabricate
titanate nanomaterials with various morphologies and
diameters under different hydrothermal conditions.
Later, many groups have tried to optimize the synthesis
conditions to effectively prepare high-yield nanotubes
from this simple and cost-effective technology[2-4]. This
is because TiO

2
 and/or titanate nanotubes derived from

such a method are characterized by high specific surface
area and pore volume, they may be a promising and
important adsorbent for the removal of air pollutants.
In addition, since TNT derived from hydrothermal
method also possesses ion exchange property, it may
offer a special environment for adsorption of cations,
such as basic dyes[5-7] and heavy metal ions[8], through
the cation exchange mechanism. On top of that, titanate
nanomaterials also has been used in other fields such as
photovoltaics, photocatalyst and etc. due to their large
surface area However, the questions related to the
titanates crystal structure, morphology and other
properties are still under discussion[9]. Similar positions
and broad peaks of characteristic reflections in XRD
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patterns made the titanates structural types is hard to
distinguish. Thus, Different crystal structures and
compositions have been proposed to describe the
TTNT structure, such as bititanate Na

x
H

2-

x
Ti

2
O

4
(OH)

2
[10], trititanates H

2
Ti

3
O

7
[11-15],

H
2
Ti

3
O

7
�nH

2
O[16], Na

x
H

2-x
Ti

3
O

7
[17,18], tetratitanate

H
2
Ti

4
O

9
�H

2
O[19,20] and lepidocrocitelike titanate H

x
Ti

2-

x/4
�x/4O

4
[21,22]. The main variables in this soft-chemistry

process are reaction temperature, and the type of TiO
2

as a raw material. It is well-established that
hydrothermal temperature should be within the range
of 90-170 °C inasmuch as lower temperatures will

impair TiO
2
conversion within practical reaction times,

whereas higher temperatures may lead to distinct
nanoparticle shapes (e.g., nanofibers, belts, or ribbons)
other than nanotubes. In this research, the hydrothermal
treatment was studied at 100,150, 200 and 250 °C,

in order to study the morphology, crystal structure and
composition of the synthesised samples. These
properties is important to be analysed because it�s
related to the potential application of the titanate
nanostructures materials.

EXPERIMENTAL

2.0 gram of TiO
2
 powder precursor (commercial

TiO
2
 Merck) was dispersed in 10 M NaOH (100 ml)

with constant stirring for 30 minutes (500 rpm). Then,
the mixture was sonicated in sonicator bath for 30
minutes, after that continue with constant stirring for 30
minutes (500 rpm). Subsequently, the mixture was
transferred into Teflon vessel and subjected to
hydrothermal treatment at various temperature (100,
150, 200, 250 °C) for 24 hours in autoclave. When the

reaction was completed, the white solid precipitate was
collected and dispersed into 0.1 M HCL (200 ml) with
continuous stirring for 30 minutes (500 rpm) for washing.
The washing was repeated by distilled water until the
pH of washing solution was 7. The product was
subsequently dried at 80 °C for 24 hours in an oven

and as-synthesised sample at 100, 150, 200, and 250
°C hydrothermal temperature denoted as HT100,

HT150, HT200, and HT250, respectively. The obtained
samples were characterized using FTIR, XRD, FESEM
and Nitrogen gas adsorption.Perkin Elmer Spectrum
100 FTIR spectrophotometer was used for FTIR
spectra analysis from 4000 to 400 cm�1. XRD spectra

were recorded at room temperature from 10° to 80°

two theta (2è) using Rigaku Miniflex (II) x-ray
diffractometer. FESEM micrographs were captured
using JOEL JSM 6360 LA.

RESULTS AND DISCUSSION

Figure 1 shows the FTIR spectra of TiO
2
 precursor

and as-synthesized sample at 100, 150, 200, and 250
°C hydrothermal temperature denoted as HT100,

HT150, HT200, and HT250, respectively. In all studied
samples, a broad band has been observed in the range
of 3700-2800 cm-1 which is referred to the OH
stretching mode (TABLE 1). Apart from that, the OH
deformation mode at the range 1800-1400 cm-1 also
has been observed which is corresponding to the
presence of the water molecule on the surface of the
material[23,24]. The metal-oxygen stretching mode has
been detected below 1000 cm-1 of wavelength in the
samples. A broad peak have been observed due to the
Ti-O stretching vibrations mode of surface bridging
oxide formed by condensation of adjacent surface
hydroxyl group.

XRD analysis was carried out to study the phase
structure of hydrothermally synthesized samples at
different hydrothermal reaction temperature. For
comparison the XRD pattern of TiO

2
 precursors

(commercial TiO
2
 merck) was also included. As can

be seen in Figure 2 (a) and (b), the TiO
2
 precursor and

as-synthesised sample at 100 °C (HT100) shows a

series of sharp and narrow peaks assigned to anatase
TiO

2
 attributed to the existence of highest peaks at

25°[23]. Similar XRD pattern of TiO
2
 precursor and

HT100 suggested the hydrothermal reaction of TiO
2

precursor at low temperature (100 °C) was not happen.

This probably because of the TiO
2
 is stable compounds

especially at low temperature. Meanwhile, for as-
synthesised samples at 150 °C (HT150), 200 °C

(HT200) and 250 (HT250) hydrothermal treatment,
their XRD pattern shows the presence of the peaks at
25.43° and 48.40° (Figure 2 (c)) which is identical as

hydrogen trititanate and at 10.86°, 24.83°, and 48.59°

belongs to sodium trititanate (Figure 2 (d and e))[25].
These synthesised samples were assigned to trititanate
compounds suggesting that the hydrothermal reaction
of TiO

2 
precursor and NaOH occurs to produce

trititanate compounds. In general, the reaction between
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Figure 1: FTIR spectra of (a) TiO
2
 precursor, (b) HT100, (c) HT150, (d) HT200, and (e) HT250

TABLE 1: Assignment of FTIR bands for TiO
2
 precursor, HT100, HT150, HT200 and HT250

Region Wavelength (cm-1) Assignment 

I  3700 � 2800 OH stretching mode from water molecule 
II 1800 � 1400 OH deformation mode from water molecule 

III <1000 Metal-oxygen stretching mode 

Figure 2: XRD diffractogram of (a) TiO
2
 precursor, (b) HT100, (c) HT150, (d) HT200, and (e) HT250
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TiO
2
 and NaOH produced sodium trititanate and

transformed into hydrogen trititanate after washing with
HCl. Thus, hydrogen trititanate was obtained at 150
°C. Somehow at 200 and 250 °C, sodium trititanate

was produced indicated that sodium trititanate was
remained even after washing with HCl. This is probably
due to the formation of stable sodium (Na) compound
at 200 and 250°C, whereby Na has intercalated in TiO

2

in form of Na
2
Ti

3
O

7
. Thus the sodium trititanate was

remained even after washing with HCl.
The present of sodium in the sample was proved

by EDX analysis as shown in Figure 3(a). While, Figure
3(b) shows the EDX analysis of HT150 sample with an
absence of sodium element. This is because at 150 °C,

Na+ cations and the [TiO
6
] octahedral layers are held

by static interaction in sodium trititanate (Na
2
Ti

3
O

7
)[26].

When the larger cations like H+ were introduced, it can
replace the Na+ cations in the interlayer space of [TiO

6
]

sheets because the interlayer distance is enlarged and
reduces the static interaction. Subsequentlly, the Na+

was totally exchanged with larger cation of H+ during
HCl washing, to form hydrogen trititanate (H

2
Ti

3
O

7
).

Therefore, no sodium element was detected in EDX
results for HT150 sample.

The morphology of the as-synthesized samples at
different hydrothermal temperature and TiO

2
 precursors

has been studied using FESEM. From the micrograph in
Figure 4(a), TiO

2
 precursor possessed irregular shape

particles with the diameter within 200 � 300 nm. Similar

morphology was observed for HT100 sample (Figure
4(b)). This finding recommended that no reaction between
TiO

2
 and NaOH at 100°C hydrothermal treatment.

Interestingly, at 150 °C (HT150) fibrous-like structure

was viewed as shown in Figure 4(c). It could be expected
that TiO

2
 particles reacted with OH� (from NaOH) to

form nanosheet at the initial stage of hydrothermal
treatment, and then turned to nanofibers at 150 °C. The

diameters of fibers are within 25 � 30 nm with several

hundred nanometers in length and attached to each other
to form raft-like structures. Meanwhile, rods-like
particles are formed when the hydrothermal treatment
was done at 200 and 250 °C, respectively (Figure 4(d)

and (e). The formation of rod-like particles because at
higher hydrothermal treatment, initial nucleation was
accelerated thus resulted in rapid growth of particles.
Due to the rapid growth of particles, the particles tend to
form the layered structures. Then, the layered become
thicker and finally rolling up into rods. The diameter of
rod-like particles was found to be 250 � 300 nm.

As shown in TABLE 2, the surface area of
commercial TiO

2 
precursor powder was only 10.07 m2/

g. Nevertheless the surface area of the samples was
increased after hydrothermal treatment. At 100°C

hydrothermal treatment (HT100), the surface area was
found to be 146.74 m2/g. Meanwhile, HT150 which is
the sample prepared at 150°C hydrothermal treatment

possessed the largest surface area (320.51 m2/g). It
was believed that the inner and outer surfaces of the
fibrous-like structure are the major reason for the
increase in surface area. On the other hand, the surface
area of as-synthesized sample at 200 °C (HT200) is

117.51 m2/g, smaller than HT150 due to the presence
of rods-like structure instead of fibrous-like TiO

2

structure. This rods-like TiO
2
 material agglomerate at

higher temperature, therefore the surface area of HT250
sample was found to be only 28.15 m2/g since this

Figure 3: EDX spectra of (a) HT200 and (b) HT150
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Figure 4: FESEM micrographs of (a) TiO
2
 precursor, (b) HT100, (c) HT150, (d) HT200, and (e) HT250
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due to the larger area density of highly curved nanotube
edges[50]. On top of that, small diameter of TiO

2
 nanotube

surface provides the optimum length scale for integrin
clustering and focal contact formation, inducing cell
proliferation, migration, and differentiation at a highest
rate[51]. However, the cell was reduced and no migration
was observed after 3 days for GG + TiO2-NTs (20 w/
w %) films suggesting that TiO2-NTs at higher
concentration show toxicity effect. This finding was
confirmed further by cell proliferation analysis.

As shown in Figure 11, the number of cell for GG
+ TiO2-NTs films was increased gradually until day 3
except for GG + TiO2-NTs (20 w/w %) films. The
number of cell for GG + TiO2-NTs (1 w/w %), GG +
TiO2-NTs (5 w/w %), GG + TiO2-NTs (10 w/w %)
and GG + TiO2-NTs (15 w/w %) were ~163,511 cells/
well, ~216, 844 cells/well, ~390, 289 cells/well, and
~333, 400 cells/well, respectively. Meanwhile, for GG
+ TiO2-NTs (20 w/w %) the number of cell was found
to be only ~106, 733 cells/well, which is much lower
than pure GG films (~126,733 cells/well) and control
sample (~123, 844 cells/well). As reported earlier,
TiO2-NTs shows toxicity effect at high concentrations
(20 w/w %), therefore GG + TiO2-NTs (20 w/w %)
gave the lowest cell number after 3 days. According to
the Trojan-horse theory, the metal ions leaching from
the nanostructured can enter the fibroblast cells and make

sample was synthesized at highest hydrothermal
temperature studied (250 °C). Similar trend was

observed for pore volume of the prepared samples
(TABLE 2). Larger surface area and high pore volume
of the samples will provide more active sites, thus it
was expected to be a good adsorbent materials.

Figure 5 show the N
2
 adsorption-desorption

isotherm plot of the TiO
2
 precursor and as-synthesized

samples at different hydrothermal temperature treatment.
The isotherm for all studied samples exhibits a typical
IV-like isotherm with H3 hysteresis according to IUPAC
classification[27] (TABLE 3). The types of isotherms have
often been identified with specific pore structures. Type
IV isotherms appearing in the multilayer range of
physisorption isotherms is usually associated with capillary
condensation in mesopore structures. Generally,
mesoporous structures are encountered with materials
having pores in the general range of 2 to 50 nm. As
presented in TABLE 2, the pore sizes of the synthesized
samples are between 11.29 to 16.32 nm, which is in the
mesopore range suggesting very narrow distributions of
the mesopore dimensions. Furthermore, the type H3
hysteresis which represents slit shaped pores was in
good agreement with the FESEM results obtained.

CELL PROLIFERATION

In vitro wound healing performance for all of the
studied samples were assessed for cell viability using
3T3 mouse fibroblast cells at different time interval from
24 h to 48 h and 72 h. The fluorescence images of the
cells were shown in Figure 10. The cell spreading
gradually as the time increased from 24 h to 48 h and 72
h for all studied films as well as for control sample.
However, after 72 h, the cell was not fully spread for
GG film and control sample suggesting that neat GG was
not helping much for cell growth. On the other, as the
time increased up to 72 h, the cells spread significantly
for GG + TiO2-NTs (1 w/w %), GG + TiO2-NTs (5 w/
w %) GG + TiO2-NTs (10 w/w %), and GG + TiO2-
NTs (15 w/ w %) films. Especially for GG + TiO2-NTs
(10 w/w %) film, the cell growth extremely healthy and
fully spread after 3 days of culture, recommending that
TiO

2
 nanotubes was able to promote the cell growth.

Previously, nanotubes of smaller diameters 30 nm have
been reported to support cell adhesion and spreading

TABLE 2: Surface area, pore size and pore volume of TiO
2

precursor, HT100, HT150, HT200, and HT250

Samples 
Surface area 

(m2/g) 
Pore size 

(nm) 
Pore volume 

(cm3/g) 
TiO2 precursor 10.07 12.36 0.03 

HT100 146.74 11.29 0.43 

HT150 320.51 14.93 1.36 

HT200 117.51 16.32 0.53 

HT250 28.15 14.90 0.09 

TABLE 3: Types of isotherms, hysteresis, pores and shape of
pores of TiO

2
 precursor, HT100, HT150, HT200, and HT250

Samples Type of 
isotherms 

Type of 
hysteresis 

Type of 
pores 

Shape of 
pores 

TiO2 precursor IV H3 Mesopore Slit shaped pores 

HT100 IV H3 Mesopore Slit shaped pores 

HT150 IV H3 Mesopore Slit shaped pores 

HT200 IV H3 Mesopore Slit shaped pores 

HT250 IV H3 Mesopore Slit shaped pores 
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Figure 5: Nitrogen adsorption-desorption isotherms (a) TiO
2
 precursor, (b) HT100, (c) HT150, (d) HT200, and (e) HT250

(a) (b)

(c) (d)

(e)

them toxic at higher concentration. Among the GG +
TiO2-NTs nanocomposite films, GG + TiO2-NTs (10
w/w %) film gave the highest cell number after 24 h and
48 h incubation period. After 3 days, the number of cell
is ~390, 289 cells/well, showing that incorporating
TiO2-NTs at 10 w/w % promoted 3T3 mouse fibroblast
cell proliferation on the GG films. These findings proved
that the GG + TiO2-NTs film is favourable for cell

adhesion, biocompatible and non-toxic at suitable
concentration.

Only two samples was selected for TG analysis
which are as-synthesised samples at 150 (HT150) and
200°C (HT200). This is because no reaction was

observed for HT100 sample, while HT250 sample
similar to HT200. The thermograms (TG) obtained for
HT150 and HT200 were shown Figure 6. Similar TG
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curves were observed for both samples, which are
showing rapid decreased in mass starting at room
temperature until 700 °C. Total mass loss is about 15%

and 22%, respectively. Generally, the weight loss
between room temperature till 100°C is due to the

removal of adsorbed water from the surface. When the
temperature is further increased up to 300°C, the

removal of the intercalated water molecules included

dissociated molecular H
2
O, physisorbed molecular H

2
O

and chemisorbed molecular H
2
O are occurred.

Subsequently, a small of weight loss in the region of
300-700°C, is probably due to the transformation of

crystal structure of trititanate into titania (TiO
2
). In order

to study the transition of trititanate into titania, samples
was further studied at different calcination temperature
which are at 300, 400, 500, and 700 ° C.

Figure 6: TGA themograms of (a) HT150 and (b) HT200

CONCLUSION

Titanate nanostructured materials were successfully
synthesized using simple hydrothermal method at
different temperature. At low hydrothermal treatment
temperature, 100 °C (HT100) no reaction was

occurred, thus similar properties of the as-synthesised
material with TiO

2
 precursors were observed. At 150°C

hydrothermal treatment (HT150), trititanate compounds
was produced corresponding to hydrogen trititanate
nanofibrous, while sodium trititanate nanorods was
obtained at 200°C (HT200) and 250°C (HT250).

Highest surface area of hydrogen trititanate nanofibrous
recommended that materials has a great potential to be
used as adsorbent.
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