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Abstract This paper describes the synthesis of CaCujy
Ti4O1, (CCTO) with different morphologies like
nanoparticles and nanorod prepared through modifies sol—
gel method by using different surfactants (CTAB, SDS,
PVP, and PVA). This study aimed to investigate the effects
of different surfactant such as CTAB, SDS, PVP, and PVA
and chelate agent on the morphology, particle size, and
crystal structure of final products. It was found that the size
and morphology of the products could be greatly influ-
enced by the aforementioned parameters. To the best of
authors’ knowledge, this is the first report on the synthesis
of CCTO nanostructure with different morphologies in the
presence of oxalic acid as a chelate agent. The as-synthe-
sized products were characterized by powder X-ray
diffraction, scanning electronic microscopy, transmission
electron microscope, and spectra energy dispersive analysis
of X-ray techniques.

1 Introduction
Semiconductor nanoparticles have attracted extensive at-

tention in the past two decades because of their size-
dependent novel electronic and optical properties
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originating from surface and quantum confinement effects
[1-6]. Recently, many perovskite-like oxides ACu;TizOq,
nanostructures (A = Ca, Lay/3,Bi;,,Nay 5, etc.) with body-
centered cubic crystal structure, have drawn considerable
theoretical and experimental studies [6-9]. There is con-
siderable interest in a family of isostructural compounds
ACU3Ti40]2, where A = Ca, La2/3, Nal/2Y1/2, etc. [7, 10,
11]. All possess a perovskite-related crystal structure
where the TiO¢ octahedra are sufficiently in-phase tilted
to produce a square planar environment for Cu. To date,
all of these phases are cubic and centric space group Im-3,
at least at room temperature. CaCu3Ti4O, (CCTO) is the
most studied compound from this family since fixed (ra-
dio) frequency measurements on single crystals [12], and
ceramics [13—15], show a “so-called” giant permittivity
(>1000) over a wide temperature range, ~ 150-400 K.
There has been much speculation on the origin of the
giant permittivity, especially for single crystals; however,
a combination of impedance spectroscopy [16], micro-
contact measurements across single grain boundaries [17],
and Kelvin probe microscopy [18, 19], has shown CCTO
ceramics to be electrically heterogeneous with semicon-
ducting grains and insulating grain boundaries. Such an
electrical microstructure is consistent with an internal
barrier layer capacitor; the “giant” permittivity observed
from fixed frequency measurements is an extrinsic effect
associated with thin insulating grain boundaries. Low
temperature impedance spectroscopy and fixed frequency
measurements show the bulk permittivity of CCTO to be
~100. Here we report the synthesis and characterization
of CaCusTi4O;, (CCTO) through the modify sol-gel
method. Besides, several experiments were performed in
order to investigate the effect of surfactants such as such
as cetyltrimethyl ammonium bromide (CTAB), sodium
dodecyl sulfate (SDS), polyvinyl pyrrolidone (PVP), and
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polyvinyl alcohol (PVA) and chelate cation (oxalic acid)
on the morphology, particle size, and crystal structure of
final products.

2 Experimental
2.1 Chemicals and equipment

The X-ray diffraction (XRD) pattern of the products was
recorded by a Rigaku D-max C III XRD using Ni filtered Cu
Ko radiation. Scanning electron microscopy (SEM) images
were obtained on LEO-1455VP equipped with an energy
dispersive X-ray spectroscopy. Transmission electron mi-
croscope (TEM) images were obtained on a Philips EM208S
transmission electron microscope with an accelerating
voltage of 100 kV. The energy dispersive spectrometry
(EDS) analysis was studied by XL30, Philips microscope.
Fourier transform infrared (FT-IR) spectra were recorded on
Shimadzu Varian 4300 spectrophotometer in KBr pellets.

2.2 Synthesis of CaCu;TisO;, nanostructures

The oxalic acid, Ca(CH;COQO),.4H,O, Cu(CH;COO),.
H,O, ethanol, and titanium (IV) isopropoxide were

purchased from Merck Company and used without further
purification. At first, an appropriate amount of titanium
(IV) isopropoxide, copper (II) acetate, and calcium (II)
acetate (corresponding to Ti:Cu:Ca = 4:3:1) were dis-
solved stoichiometrically in ethanol in three separate A, B,
and C beakers, respectively. Then, oxalic acid as chelating
agent was dissolved in ethanol and added to the A solution
under constant stirring. Afterwards, the calcium (II) acetate
and copper (II) acetate solution was mixed with A solution
under stirring at room temperature. Subsequently, the final
mixed solution was kept stirring to form a gel at 90 °C.
Finally, the obtained product was placed in a conventional
furnace in air atmosphere for 3.5 h, and calcinated at
1040 °C (Table 1). The synthesis pathway of CaCu3TizO,
nanostructures is shown in Scheme 1.

3 Result and discussion

X-ray diffraction patterns of CCTO nanostructures in the
presence of oxalic acid (sample no 6) and its absence
(sample no 2) are shown in Figs. la, b, respectively. The
XRD pattern of the as-synthesized CaCu;Ti4O,, without
oxalic acid (Fig. 1a) indicates the formation of cubic phase
of CaCu;Ti4O,, (space group Im-3, JCPDS No. 75-2188).

Table 1 Reaction conditions

for CaCusTi;O, nanostructures Sample no. Solvent [Ti(OC3H7)4])/0xalic acid ratio Calcination temperature (°C) Surfactant
1 Ethanol 1/0 1040 CTAB
2 Ethanol 1/0 1040 SDS
3 Ethanol 1/0 1040 PVP
4 Ethanol 1/0 1040 PVA
5 Ethanol 1/3 1040 CTAB
6 Ethanol 1/3 1040 SDS
7 Ethanol 1/3 1040 PVP
8 Ethanol 1/3 1040 PVA

Cu(CH,C00),.H,0

[Ti(OC,H,),]

Ca(CH,C00),.4H,0

Calcination

1040 °C

Calcination

1040 °C

Scheme 1 Schematic diagram illustrating the formation of CaCu;TizO;, nanostructures
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Fig. 1 XRD patterns of CaCu;TizO,, nanostructures a sample no 6
and b sample no 2
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The XRD pattern of the CaCu3TizO1,, in the presence of
oxalic acid as chelating agent is shown in Fig. 1b. The
XRD pattern in Fig. la indicates the formation of pure
cubic phase of CaCu;Ti4O, (JCPDS No. 75-2188), with
the calculated cell constants a = b = ¢ = 7.3910 A. Ac-
cording to XRD data, the crystallite diameters (D.) of
CaCu;Ti40,, nanoparticles obtained from sample 2 and 6
are calculated to be 30 and 37 nm using the Scherer
Eq. (1), respectively [20]:

D, = KA/fcosH (1)

where f is the breadth of the observed diffraction line at its
half intensity maximum, K is the so-called shape factor,
which usually takes a value of about 0.9, and A is the
wavelength of X-ray source used in XRD. Chelating agents
are used in inorganic chemistry to prevent particle ag-
glomeration by reducing condensation reactions in liquid
phase synthesis. To investigate the effect of oxalic acid as
chelating agent on the surface morphology of CaCu;Ti4O1,
nanostructures several experiments were performed. SEM
images of CCTO in the absence of oxalic acid and its
presence are shown in Figs. 2 and 3, respectively. The
typical SEM images of CCTO synthesized in the presence

N4
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Fig. 2 SEM images of CaCu3Ti O, nanostructures a sample no 1, b sample no 2, ¢ sample no 3 and d sample no 4
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Fig. 3 SEM images of CaCu3Ti4O;, nanostructures a sample no 5, b sample no 6, ¢ sample no 7 and d sample no 8

Fig. 4 FT-IR spectrum of
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of different surfactant such as CTAB, SDS, PVP, and PVA
and without oxalic acid as a chelate agent are shown in
Fig. 2a—d, respectively. According to the Fig. 2a, product
mainly consists of agglomeration nanoparticles. With
change of the surfactant from CTAB to SDS, PVP, and
PVA, the nanoparticles become densely agglomerated and
particle size was increased to create microstructure, as

3000 2000 1000 400

Wavenumber (cm’)

shown in Fig. 2b—d, respectively. As a result, the optimum
surfactant for synthesis of CCTO nanostructures in the
absence of oxalic acid is CTAB (sample 1). SEM images of
CCTO nanostructures in the presence of oxalic acid as a
chelate agent (sample 5-8) are shown in Fig. 3a—d. In
comparison with samples 1-4 which are in the absence of
oxalic acid (Fig. 2a—d), product mainly consists of
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Fig. 5 EDS pattern of CaCu3Ti4O, nanostructures (sample no 6)

Fig. 6 TEM image of the as-synthesized CaCu3Ti,O;, nanostruc-
tures (sample no 6)

microstructure. Furthermore, when SDS was used as a
surfactant in the presence of oxalic acid, product mainly
consists of nano rod like structures, as shown in Fig. 3b.
Moreover, in comparison samples in the presence and ab-
sence of oxalic acid as a chelate agent, presence oxalic acid
as a chelate agent causes decrease size of final product.
Figure 4 shows the FT-IR spectrum of as prepared CCTO.
The absorption peak at 3423.76 cm ™" is related to & (H,O)
[21]. All three samples show the main absorption bands at
561, 516, and 437 cm™'. These bands are assigned to the
absorption regions for Ti ion, which are associated to vri_o
of 653-550 cm ™" and vri_o i of 495-436 cm™' [22]. The
purity of CCTO nanostructures was also confirmed by EDS
analysis (Fig. 5). According to Fig. 5, the product is

@ Springer

composed of Cu, Ca, Ti, and O element. Moreover, no
impurity peaks are observed, which indicates a high level
of purity in the product. TEM image was taken to char-
acterize the size and morphology of CaCu;Ti4O;, nanos-
tructures (sample no. 6) with very high spatial resolution
(Fig. 6). TEM image of CaCu3Ti4O;, nanostructures
(sample no. 6) revealed that the diameter and length of
nanorods were 50—100 and 300 nm, respectively.

4 Conclusion

In this work, CaCu3TisO;, nanostructures were success-
fully synthesized by a modified sol-gel method. Besides,
the effect of preparation parameters such as type surfac-
tants and chelating agent on the morphology, particle size,
and crystal structure of CaCu;Ti4O;, nanostructures were
studied by SEM by technique. Cetyltrimethylammonium
bromide (CTAB), sodium dodecyl sulfate (SDS),
polyvinylpyrrolidone (PVP), and polyvinyl alcohol (PVA)
were used as the surfactant. SEM results indicate that ox-
alic acid as chelating agent plays an important role in the
morphology and particle size of CaCu3Ti4O;, nanostruc-
tures. The lowest temperature for preparation of the pure
CaCu;Ti4O, nanocrystals is about 1040 °C.
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