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Received 9 November 2011; received in revised form 8 December 2011; accepted 17 December 2011

Available online 27 December 2011

Abstract

Here we present an electrospinning technique for the fabrication of cadmium titanate/polyvinyl-pyrrolidone composite nanofibers. The

composite nanofibers are then annealed at 600 8C to obtain ilmenite rhombohedral phase cadmium titanate nanofibers. The structure, composition,

thermal stability and optical properties of as synthesized and annealed cadmium titanate nanofibers are characterized by X-ray diffraction, energy

dispersive X-ray spectroscopy, scanning electron microscopy, transmission electron microscopy, thermogravimetric analysis, Fourier transform

infrared spectroscopy and ultraviolet–visible spectroscopy. The average diameter and length of the nanofibers are found to be �150–200 nm and

�100 mm, respectively.
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1. Introduction

Titanium based oxides are of great interest due to their high

refractive index, direct wide energy bandgap and low

absorption properties [1,2]. These oxides with pervoskite

crystalline phase have diverse applications such as humidity

sensors [3–5], gas sensors [6,7], microelectronic devices and

photocatalytic cells [8,9]. One of these oxides, cadmium

titanate (CdTiO3) has an excellent dielectric, sensing and

optical properties [10,11]. It crystallizes into ilmenite

rhombohedral phase and pervoskite-type orthorhombic phase

at annealing temperatures below and above 1000 8C respec-

tively [12].

Nanofibers of titanium dioxide (TiO2), silicon dioxide

(SiO2) and titanate oxides (BaTiO3, SrTiO3) have been

prepared by electrospinning technique [13,14]. Until now,
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bulk CdTiO3 and its thin films have been investigated widely

[11,12,15], however, the synthesis of one-dimensional nanos-

tructures of CdTiO3 has been overlooked. The preparation of

nanoscale structures holds various advantageous characteristics

compared to the bulk material due to their smaller size resulting

in a tremendous increase in the surface area to a volume ratio of

the materials and can be extremely useful for numerous

applications [16].

Electrospinning has become a highly fascinating technique

for the synthesis of nanofibers due to its special ability for the

fabrication of thin nanofibers with excellent homogeneity and

high density. The procedure works in the presence of the

externally applied high electric field among the spinneret

containing initially prepared viscous solution and conducting

plate. As the intensity of the electrostatic field increases it

overcomes the surface tension of the solution, a jet starts to

form nanofibers which have been elongated and collected on

conducting plate. The uniformity, homogeneity and diameter of

nanofibers are highly dependent on solution parameters (e.g.

viscosity, conductivity, solvent solution, temperature, vapor

pressure and precursors of the solution) as well as on the

process parameters (e.g. shape of collector, geometry of

spinneret, solution flow rate, a tip to collector distance, applied
d.
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voltage) [17,18]. Here, we report the synthesis of ilmenite

rhombohedral phase CdTiO3 nanofibers with excellent homo-

geneity and purity using electrospinning technique. CdTiO3

nanofibers have an average diameter �150–200 nm and length

�100 mm. X-ray diffraction (XRD), energy dispersive spectro-

scopy (EDS) and Fourier transform infrared (FTIR) analysis

confirm the purity and crystalline structure of nanofibers.
Fig. 1. Scanning electron micrograph of CdTiO3 nanofibers (a) low magnification im

(c) high magnification annealed at 600 8C and (d) energy dispersive spectrum of n
2. Materials and methods

Cadmium acetate Cd(CH3COO)2�2H2O (Sigma Aldrich),

acetic acid (CH3COOH) (Sigma Aldrich), ethanol (C2H5OH)

(Sigma Aldrich) and titanium tetra isopropoxide Ti(CH3)2

(CHO)4 (Sigma Aldrich) was used as precursors. Polyvinyl-

pyrrolidone (PVP) (MW = 1,300,000) was used to control the
age annealed at 600 8C, (b) as synthesized CdTiO3/PVP composite nanofibers,

anofibers (EDS).



Fig. 2. TEM images (a) CdTiO3/PVP nanofiber and (b) CdTiO3 nanofibers annealed at 600 8C.
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Fig. 3. X-ray diffraction pattern of CdTiO3 electrospun nanofibers dried at

80 8C and annealed at 600 8C.
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viscosity of the solution. The first solution of cadmium acetate

was prepared by mixing 2 g of cadmium acetate in 4 mL of

acetic acid at room temperature. The second solution was

obtained by mixing an appropriate amount of PVP in ethanol by

stirring for 1 h. Titanium tetraisopropoxide was then added

drop wise in cadmium acetate solution with the molar ratio of

1:1. The solution was stirred for 2 h to obtain a homogeneous

mixture. The solution was then loaded in a syringe with a 24-

gauge needle. High electric filed �0.7 kV/cm was applied

between the needle and the collector plate. The nanofibers were

collected on aluminum foil placed on the collector plate. The

as-spun nanofibers were dried in an oven at 80 8C for 3 h. PVP

was then removed to obtain pure CdTiO3 nanofibers by heating

the dried nanofibers at 600 8C for 3 h with a heating rate of

5 8C/min.

X-ray diffraction (XRD) analysis was conducted on a

Brag–Brentano X-ray diffractometer with CuKa1 radiation

(l = 1.5418 Å). Scanning electron microscopy (SEM) and

transmission electron microscope images were obtained on a

JSM-6490LA and Jeol 2010 (200 kV) Japan, respectively.

Thermogravimetric analysis and Fourier transformation infra-

red (FTIR) spectroscopy was performed on a Q500 and Thermo

Nicolet 6700 spectrometer, respectively. Ultraviolet–visible

(UV–vis) absorption spectroscopy was performed using

Perkin-Elmer Lambda 900.

3. Results and discussion

The SEM images of electrospun cadmium titanate nanofi-

bers at 7 cm distance between syringe needle tip and collector

are shown in Fig. 1. The surface morphology and size of the

samples varied strongly depending on the annealing tempera-

ture. Fig. 1a shows the lengths of the annealed fibers are in the

range of �100–200 mm. The surface of as spun CdTiO3/PVP

composite nanofibers dried at 80 8C in the oven is smooth due

to the amorphous nature of CdTiO3/PVP composite. Diameters

of at least 15 fibers were measured for both as synthesized and

annealed fibers. The range of the diameter of as synthesized

composite nanofibers are in between �500 and 800 nm as

shown in Fig. 1b and after annealing at 600 8C for 3 h, the PVP

is fully decomposed, and a polycrystalline fiber is obtained
(Fig. 1c). Due to PVP burn the diameters of the nanofibers are

reduced to �150–200 nm shown in Fig. 1c, but their continuous

microstructure is maintained. Due to PVP burn out �70%

reduction of average diameter is observed. The inset in Fig. 1c

at high resolution shows that the fibers are made up of grains.

Fig. 1d shows the energy dispersive spectrum (EDS) of CdTiO3

nanofibers which shows that the CdTiO3 nanofibers hold good

purity after removal of PVP.

Transmission electron microscopy (TEM) images of

CdTiO3/PVP nanofibers of as synthesized and annealed at

600 8C are shown in Fig. 2a and b respectively. The bright field

TEM images show that the fibers consist of grains with the size

of approximately 20–30 nm. The fabricated nanofibers are

polycrystalline in nature; however, single crystalline nanofibers

could be achieved through a post-annealing procedure beyond

1000 8C [19,20].

Fig. 3 shows the X-ray diffraction pattern of CdTiO3/PVP

composite nanofibers dried at 80 8C for 1 h in an oven and

annealed at 600 8C. The dried sample indicates an amorphous

state of nanofibers. After annealing at 600 8C for 3 h the

polycrystalline structure of ilmenite rhombohedral phase and

strong peaks are observed at 2u = 31.228 and 2u = 34.118 which
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Fig. 5. Room temperature UV–vis absorption spectrum of CdTiO3 nanofibers.
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Fig. 4. (a) TGA curve of CdTiO3/PVP nanofibers and (b) Fourier transform

infrared spectrum of CdTiO3 nanofibers heat treated at 600 8C.
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can be associated with (1 0 4) and (1 1 0) planes, respectively.

No diffraction peaks corresponding to organic compounds are

observed, implying that the PVP has been removed after the

heat treatment at 600 8C. All diffraction peaks show good

consistency with JCPDS, Card No. 29-0277 of ilmenite

rhombohedral phase of CdTiO3 [12]. However, a low-intensity

peak at 2u = 338 and 398 is found, which can be associated to

the CdO (JCPDS Card No. 05-0640) and can be removed by

further heating the sample at higher temperature [21]. The

lattice parameters determined for the ilmenite rhombohedral

phase are: a = 5.29 Å and c = 14.874 Å.

Fig. 4a shows the TGA curve of CdTiO3/PVP composite

nanofibers with a heating rate of 10 8C/min in nitrogen

atmosphere. The weight loss started slowly from 50 8C, and the

first step completed at about 200 8C. The weight loss in this

region is about 9.62% which corresponds to the removal of

moisture absorbed by the sample during the fabrication process

as the polymers exhibit a high water absorption capacity [22–

25]; in addition, the evolution of acetic acid remains in the

nanofibers, derived from the starting acetate. A further weight

loss of 30.66% was observed up to 530 8C which occur due to

the evaporation of organic contents (PVP) [26,27]. No weight
loss has been observed beyond the temperature value of 600 8C
as the TG curve becomes horizontal. The TG curve confirms the

formation temperature of the sample to be around 600 8C.

Fig. 4b shows absorption vs wavelength plot of the

nanofibers using the FTIR spectroscopy. The absorption bands

appearing at position of �400 cm�1 and �485 cm�1 are

associated with Cd–O bands [12]. Absorption bands related to

PVP are absent, which lead us to the conclusion that the

annealing of CdTiO3/PVP composite nanofibers at 600 8C
results in complete removal of PVP from the nanofibers. The

band observed at �2360 cm�1 has been attributed to the CO2

absorbed on the surface of the nanofibers from the atmosphere

[28].

Fig. 5 depicts the UV–vis absorption spectrum of CdTiO3

nanofibers measured in the range of 200–800 nm. The spectrum

has been recorded using a homogeneously suspended solution

of nanofibers in isopropanol with the molar ratio of 1:100. The

spectrum shows a broad absorption peak with the centered at

around 380 nm along with an absorption tail at the lower energy

(250 nm) which could be attributed to the electron–hole

recombination in CdO, which is present in the CdTiO3

nanofibers according to XRD results.

4. Conclusions

Here, we report the fabrication of CdTiO3 nanofibers having

an average diameter of �150–200 nm and length of �100 mm

using electrospinning technique. Scanning electron microscopy

results reveals the porous surface of the nanofibers while the

compositional purity and crystalline structure with the ilmenite

rhombohedral phase of nanofibers has been observed from

EDS, XRD and FTIR analyses. Combining the XRD and TEM

results, it could be concluded that nanofibers contains

polycrystalline structure and grains with different sizes.

Additionally, the absorption peak at a wavelength of 380 nm

could be related to the wide-band gap of the nanofibers.

Therefore, we believe that the fabricated CdTiO3 could hold an

excellent potential for UV photonics and sensing applications.
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