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Abstract

We for the first time report CdTiO3 nanofibers as an effective photocatalyst for the photodegradation of Rhodamine 6G (R6G) dye. One-
dimensional CdTiO3 nanofibers with high aspect ratio have been successfully synthesized by the sol–gel electrospinning technique. X-ray
diffraction (XRD), Field emission scanning electron microscopy (FE-SEM), transmission electron microscopy (TEM), energy-dispersive X-ray
(EDX) spectroscopy, thermogravimetric analysis (TGA), UV–vis diffuse reflectance (DR) and Raman spectroscopy were used to characterize the
synthesized nanofibers. The photocatalytic activity of the electrospun CdTiO3 was evaluated by performing photodegradation of R6G dye under
UV light irradiation. Our results indicated that the CdTiO3 fibers were in nanometer scale with diameters ranging from of 350–400 nm which
consisted of rhombohedral structure. The superior photocatalytic activity of the CdTiO3 nanofibers calcined at 800 1C for the degradation of R6G
dye could be attributed to the high degree of crystallinity and absorption properties of the samples synthesized at high temperature. This study
indicates the potential use of high aspect ratio CdTiO3 nanofibers for removal of industrial pollutants and noxious wastes.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

With the ever-increasing use of a wide variety of dyes in
textile, photography, coatings and so on, pollution of water by
these dyes has become increasingly alarming. Color removal,
in particular, has recently become a major scientific concern.
Wastewaters from various sources such as industries, factories,
laboratories, etc. are serious problems to the environment.
The discharged wastes containing dyes are toxic to micro-
organisms, aquatic life and human beings [1]. These deleterious
chemicals severely disturb the aquatic ecosystem or/the earth's
ecosystems. The degradation of dyes in industrial wastewaters
has therefore received increasing attention and for this purpose
some methods of remediation have been preferred. To this end,
photocatalysis using nanotextured semiconductor materials has
turned out to be a promising alternative for management of the
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water environment [2,3]. The nanostructured semiconductors
have great potential in the removal of dyes from wastewaters
due to their unique ability to completely mineralize the target
pollutants [4]. It has been reported that TiO2 [5], Zn2SnO4 [6],
BiVO4 [7], Bi2MoO6 [8] and CdWO4 [9] shows excellent
photocatalytic activity under ultraviolet or visible light irradia-
tion. Among the various semiconductors, the perovskite has
been regarded as a promising photocatalyst, since it presents
more activity in long bands of visible light.
Titanium-based oxides with perovskite crystalline phase

have been widely studied because of their diverse applications.
Cadmium titanate is one of the members of smart family which
shows excellent dielectric, piezoelectric, pyroelectric and
photostrictive properties [10]. Cadmium titanate has also been
used as a conductive material [11,12], optical fibers [13],
humidity sensing [14], and photocatalytic [15]. Several
methods have been reported for the synthesis of cadmium
titanate like sol–gel [16,17], solid state method [18], hydro-
thermal method [19] etc. Nevertheless, the electrospinning
is known as a simple and versatile method for generating
ghts reserved.
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Fig. 1. XRD pattern of CdTiO3 nanofibers at (a) 600 1C and (b) 800 1C.
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nanofibers. Nowadays, this technique has extended to the
fabrication of ceramic and composite nanofibers with various
compositions and properties. Nanofibers are of great importance
for applications in photocatalysis, supercapacitors, sensing,
actuators, solar and fuel cells. Particularly, one dimensional
porous titania nanofibers consisting of well crystallized anatase
nanocrystals are very advantageous for developing active photo-
catalytic materials for environmental purification and green
energy [20]. Such materials are usually having a large surface
area and high porosity. A larger surface area provides more
surface active sites for the adsorption of reactant molecules,
which thus make the photocatalytic process more efficient [21].
Furthermore, the electrospun nanofibers have large surface area
and regular morphology on the nanometer scale.

Considering the novel properties of titania and cadmium; the
present study was aimed to fabricate the CdTiO3 nanofibers by
the electrospinning method and the characterization of synthe-
sized nanofibers was done by sophisticated techniques such as
XRD, FE-SEM, HR-TEM, EDX and UV–vis spectra. To the
best of our knowledge, there is no report about the photo-
catalytic activity of CdTiO3 nanofibers. To this end, for the
first time we investigated the degradation of R6G dye by
CdTiO3 nanofibers under UV light. Moreover, it was also
established that the CdTiO3 nanofibers calcined at 800 1C
considerably degrade the R6G dye, thus indicates the potential
use of synthesized nanofibers for removal of pollutants and
noxious wastes.

2. Experimental

2.1. Materials and methods

Poly(vinyl acetate) (PVAc, Mw¼500,000) and cadmium
acetate dihydrate, (Cd(CH3COO)2 � 2H2O) were purchased
from Sigma-Aldrich, USA. N,N-dimethylformamide (DMF)
and titanium isopropoxide (TIP, 98.0 assay), were obtained
from Showa Co. and Junsei Co., Japan respectively.

2.2. Synthesis of CdTiO3 nanofibers

In a typical procedure, PVAc (18 wt%) solution was
prepared by dissolving PVAc in DMF under magnetic stirring
for 6 h at room temperature. 1 mol of TIP was taken in a
separate bottle and a few drops of acetic acid were added till
the solution turned out to be transparent. Equimolar concen-
tration of Cd(NO3)2 � 6H2O (4 ml) was dissolved in ethanol
and added into the TIP solution. The solution of cadmium
acetate and TIP was mixed together. The final solution was
made by mixing this solution with the PVAc solution in the
ratio of 1:3. The obtained sol–gel was transferred into a 10 ml
syringe with a stainless steel needle. A copper pin connected to
a high voltage generator was inserted in the solution as a
positive terminal, whereas a ground iron drum covered by a
polyethylene sheet served as counter electrode. The solution
was kept in the capillary by adjusting the inclination angle.
A voltage of 15 kV was applied to this solution. The distance
between the tip of the needle and collector was fixed at 18 cm.
The as-spun composite nanofibers were initially dried at 80 1C
for 24 h under vacuum. In order to remove the polymer, the
composite samples were calcined at 600 and 800 1C in air with
heating rate of 2 1C/min for 2 h.
2.3. Characterization

The XRD pattern of synthesized product was recorded on a
Rigaku/Max-3 A X-ray diffractometer (XRD, Rigaku Co.,
Japan) with Cu Kα radiation (λ¼1.540 Å) over Bragg angles
ranging from 201 to 801 and the operating voltage and current
were maintained at 30 kV and 40 mA respectively. To examine
the microstructure, the powder sample was uniformly sprayed
on carbon tape, Pt coating was applied for 10 s onto the
synthesized nanofibers and images were acquired at various
magnifications via FE-SEM (JSM6700, JEOL, Japan). The
diameters of the e-spun nanofibers were measured directly
from the SEM images. Atleast 20 measurements for each
sample were analyzed to obtain an average value. The
chemical composition of the nanofibers was analyzed by
EDX and the microscopic features of composite nanofibers
were examined by TEM (H-7650, Hitachi, Japan). The thermal
stability of the samples was characterized by thermogravi-
metric analysis (TGA-DTA, Perkin-Elmer Inc., USA) under air
with a flow rate of 20 ml/min. The samples (�2–5 mg) were
heated in a platinum pan from 25 1C to 800 1C at scanning
rates of 10 1C/min. The light absorbance of the samples was
measured by using a UV–vis diffused reflectance spectrum
(UV-DRS, 525 Shimadzu).
The photocatalytic degradation was carried out by mixing

100 mg of the CdTiO3 photocatalysts into the 100 ml of
(10 ppm) R6G aqueous solution under continuous stirring.
The experiments were performed at room temperature and
prior to irradiation, the slurry was aerated for 30 min to reach
adsorption equilibrium followed by UV irradiation. Aliquots
were withdrawn from the suspension at specific time intervals
and centrifuged immediately at 12000 rpm. The absorbance of
the R6G solution was measured with a UV–vis spectro-
photometer (Shimadzu UV-3101).



Fig. 2. SEM micrographs (a) as synthesized (b) at 600 1C (c) 800 1C and (d) EDX spectra of CdTiO3 nanofibers.

Fig. 3. (a) TEM micrographs of CdTiO3 nanofibers. The inset in (a) shows the
SAED pattern and corresponding FFT pattern. (b) Thermal gravimetric
analysis in an air atmosphere and the corresponding first derivative of CdTiO3

nanofibers.
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3. Results and discussion

The XRD pattern of electrospun CdTiO3 nanofibers calcined at
different temperatures were shown in Fig. 1. Both the diffraction
peaks in Fig. 1a and b could be perfectly indexed as rhombohedral
structure (JCPDS 29–0277) [18]. The diffraction peaks of CdTiO3

nanofibers calcined at 800 1C were sharp and intense, indicating
high crystallinity of the nanofibers (Fig. 1b). No impurity peaks
were observed in the spectra of both the samples, suggesting that
the composition of the above nanofibers was CdTiO3. By applying
the Debye-Scherrer formula the average grain sizes of the products
were calculated. The average grain size of the sample calcined at
the 800 1C (62.7 nm) which is larger than that of the sample
calcined at the 600 1C (53.7 nm).
Fig. 2a, b and c showed the typical SEM images of the

electrospun nanofibers. From Fig. 2a, the as-spun sample showed
randomly oriented nanofibers with smooth and uniform surface due
to the amorphous nature of the PVAc/Cd(NO3)2 � 6H2O/TiP
composite nanofibers. Their lengths could reach several micro-
meters and the diameter of the above composite nanofibers ranged
from 425 nm to 450 nm. As shown in Fig. 2b, c, the CdTiO3

nanofibers, which were obtained by heat treatment of the above
PVAc/ Cd(NO3)2 � 6 H2O/TiP composite nanofibers, exhibited
shrinkage resulting from the decomposition of PVAc. The diameter
of CdTiO3 nanofibers calcined at 600 1C (�390710 nm)
(Fig. 2b) decreased to (370710 nm) at 800 1C (Fig. 2c) while
the particle size increased with temperature because of further
crystallization and coalescence of the grains. In addition, the EDX
analysis (Fig. 2d) further confirmed that CdTiO3 nanofibers were
composed of Cd, Ti and O, no other impurity element is detected,
indicating the final product is free of impurity. The atomic ratio of
Cd to Ti is about 1:1 which was close to the theoretical value.
TEM was used to investigate the microstructure of the

sample in more detail. Fig. 3a shows the agglomerated
nanoparticle on nanofibers. The SAED pattern (Inset Fig. 3a);
composed of some bright points and rings which supports the
polycrystalline nature of the nanofibers. The FFT micrograph
illustrated the parallel crystalline planes which confirms high



Fig. 4. (A) Raman spectrum of CdTiO3 nanofibers calcined at 800 1C. (B) UV–vis DRS spectra of CdTiO3 nanofibers calcined at (a) 600 1C and (b) 800 1C. (C)
Absorption spectra of RB solutions in the presence of CdTiO3 nanofibers calcined at 800 1C under UV light at different periods of time. (D) Photocatalytic activity
of CdTiO3 nanofibers calcined at (a) 600 1C and (b) 800 1C for R6G degradation.
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crystallinity of the sample (Inset Fig. 3a). The TGA thermo-
grams of PVAc/Cd(NO3)2 � 6H2O/TiP composite were shown in
Fig. 3b. As pointed out by the TGA, pure PVAc fibers started to
decompose up to 60% at 450 1C because their decomposition
temperature was about 150 1C, and completely at above 500 1C.
On the first derivative curve, a main exothermic peak was
observed at 337 1C, suggesting the thermal events related to the
decomposition of titanium tetra-isopropoxide and cadmium
nitrates along with the degradation of PVAc by dehydration
on the polymer side chain, which was confirmed by a dramatic
weight loss in TG curve at the corresponding temperature range
(200–500 1C).

Fig. 4a shows the Raman spectrum of the synthesized CdTiO3

nanofibers at 800 1C. Six peaks appeared around 220, 249, 330,
469, 601 and 701 cm−1 in the Raman shift range of 200–
900 cm−1. The first three peaks are sharp and peak at 330 cm−1

is the sharpest. While the last three peaks are wide. So, the
rhombohedral symmetry of CdTiO3 was again confirmed by the
Raman spectra which are in accordance with those reported in the
previous literatures [22,23]. The Diffuse reflection adsorption
spectra (DRS) of the CdTiO3 nanofibers synthesized at different
temperatures was shown in Fig. 4b. The sample calcined at 800 1C
showed a little stronger absorbance compared to the sample
calcined at 600 1C. The increase in calcination temperature led to
a marginal red shift in 490 nm absorbance band. The difference in
absorbance spectra of samples at different temperature may be due
to the difference in size of the particles (Quantum size effect) [24].
Band gap energy calculated from the spectra at 600 1C is 3.82 and
at 800 1C is 2.81 eV. The red shift of the absorption edge towards
the visible region may be beneficial for improving the photo-
absorption and photocatalytic performance of CdTiO3 nanofibers.
Photocatalytic decomposition of R6G dye was used to

evaluate the photocatalytic activities of the synthesized
CdTiO3 nanofibers. It has been reported in the literature that
the photocatalytic activities of catalysts depend on many
factors, such as crystallinity, surface properties, absorption
properties, and so on [25]. As observed in Fig. 4c, the major
absorption peaks of R6G around 521 nm diminished gradually
under UV light irradiation in the presence of CdTiO3 nanofi-
bers calcined at 800 1C. Furthermore, in the comparative
experiments, nanofibers calcined at 800 1C showed the higher
photocatalytic activities than sample calcined to 600 1C
(Fig. 4d). This increase in photocatalytic activity may be due
to the high degree of crystallinity and red shifts to longer
wavelengths of the sample calcined at high temperature [26].
The degradation efficiency of R6G was about 73% and 97%
for the sample synthesized at 600 1C and 800 1C respectively.

4. Conclusions

CdTiO3 nanofibers were successfully synthesized by the
sol–gel elecrtrospinning technique and were assayed for
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photocatalytic activity. CdTiO3 nanofibers calcined at 800 1C
were found to exhibit higher photocatalytic activities than the
sample calcined at 600 1C because of the higher crystallinity
and red shifts to longer wavelengths of the sample. The present
investigation clearly indicates the potential use of electrospun
CdTiO3 nanofibers for the removal of pollutants and noxious
wastes.
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