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Abstract

Using citric acid and ethylene glycol, a polymeric precursor of the above compound was obtained at low temperatures (135
jC) which on subsequent heat treatments led to pure CaCu3Ti4O12 at 1000 jC. On sintering further at 1000 jC (20 h), the disks
show high density (98%) and the dielectric constant was of the order of 3000 at 1 kHz. The dielectric loss varies between 0.3
and 0.35 (till 100 kHz) beyond that it increases sharply from 0.35 to 0.7 in the frequency range of 100-500 kHz. Our studies on
dielectric properties of the above oxide, synthesized by the ceramic method and sintered under the same conditions, led to a
dielectric constant of around 2200 at 1 kHz. The dielectric constant decreases with frequency in the oxides obtained by either of
the above methods. Scanning electron micrographs (SEM) show much larger grains (nearly spherical) of 2-4 Am in the solid
obtained by the ceramic route while the grains were much smaller (0.5-1.0 Am) in the oxide prepared by the polymeric citrate
precursor route.
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1. Introduction

Dielectric oxides constitute a large proportion of
materials which are having large-scale technological
applications. There is an increasing demand on dielec-
tric materials to surpass their present abilities to be of
use in the fast changing world of electronic devices. At
the root of all devices lie the bulk materials, on whose
basic properties further progress may be made. Hence,
search for new materials with unusual properties is of

great importance. This has led chemists to take up the
challenge to search for novel materials or search for
novel properties in known materials which were never
investigated for such behaviour. One such material
whose properties were studied recently is CaCu3-

Ti4O12. This oxide belongs to a family of oxides of
the type Acu3Ti4O12 [1] and was studied nearly 30
years ago. Other than the Ti-based oxide, Mn-based
oxides were also studied mainly for their interesting
magnetic properties [2,3]. CaCu3Ti4O12 was first
reported by Subramanian et al. [4] to have an unusually
high dielectric constant ( f 10,000) at 1 kHz. Nor-
mally, high dielectric constants are found in ferro-
electric materials. CaCu3Ti4O12 was not found to be a
ferroelectric material and has therefore been a material
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which needed more studies. The appearance of twins in
single crystals of this material [4] offered a plausible
explanation for the very high dielectric constant since
twin boundaries may lead to a barrier-layer mechanism
reported earlier [5] in some capacitor materials. How-
ever, recent studies [4,6,7] have discussed these possi-
bilities but are yet to pinpoint the exact origin of the
high dielectric constant in this material.

Since the above material may depend on twins and
other microstructural defects, we attempted to synthe-
size the above oxide by an alternate route, namely the
polymeric precursor route using citric acid and ethyl-
ene glycol, hoping to obtain a different micro structure
compared to the normal solid state synthesis. In this
paper, we discuss the synthesis, powder XRD studies,
morphology (SEM) and dielectric properties of CaCu3-

Ti4O12 prepared by the polymeric precursor route as
well as by the solid state method.
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2. Experimental

CaCu3Ti4O12 was prepared by two methods,
namely the ceramic method and the polymeric citrate
precursor method. In the ceramic method, stoichiomet-
ric amounts of TiO2 (Aldrich, 99.99%), CaCO3

(Merck, 98.5%), and CuO (Fluka, 99%) were taken
after drying at 150 jC. The oxides and carbonates were
thoroughly mixed in an agate mortar and pestle and
loaded in alumina boats. The reactants were heated in
an electrical muffle furnace at 1000 jC for 40 h with
one intermittent grinding. The powder was then taken
out and mixed with polyvinyl alcohol (PVA) and
compacted into disks at a pressure of 4 tons. The pellets
were then sintered at 1000 jC for 20 h.

In the polymeric citrate precursor method, citric acid
(Qualigens, SQ grade 99.5%), previously dried at 100
jC for 6 h, was mixed with ethylene glycol (Qualigens,
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Fig. 1. Powder X-ray diffraction pattern of CaCu3Ti4O12 prepared by the citrate precursor route and sintered at 1000 jC.
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SQ grade) and titanium tetraisopropoxide (Acros,
98+%) in the ratio of 10:40:1 with continuous stirring
on a magnetic stirrer. After a clear solution was formed
at room temperature, the mixture of copper oxide and
calcium carbonate was slowly added in stoichiometric
amounts with continuous stirring. The temperature was
increased to 100 jC so as to dissolve the entire amounts
of solids added. The solution was then placed in the
oven at 135 jC when the polymerization set in. The
polymer was charred at 300 jC for 2 h followed by
heating at 500 jC for 20 h in an electrical muffle
furnace. The product was treated with PVA and com-
pacted into pellets at a pressure of 4 tons and sintered at
a temperature of 1000 jC for 20 h. Powder X-ray
diffraction patterns were taken after heating at 500 jC
and after sintering at 1000 jC with a Bruker D8
Advance X-ray diffractometer. The lattice parameters
were obtained by a least square fit to the d-values.
Scanning electron micrographs (SEM) were obtained
on the sintered disks on a Cambridge Stereoscan 360
electron microscope. The dielectric constant was meas-
ured on disks (coated with silver) using a HP 4284L
LCR meter in the frequency range of 50-500 kHz.
Density of the sintered disks was obtained by the
Archimedes method.

3. Results and discussion

X-ray diffraction patterns of the samples prepared
by heating at 1000 jC for 40 h show the X-ray

Fig. 3. Scanning electron micrograph of CaCu3Ti4O12 prepared by
the solid state route and sintered at 1000 jC.

diffraction patterns as is known for
and could be satisfactorily indexed on a cubic cell.
The samples prepared by the polymeric citrate pre-
cursor method, could also be indexed on a cubic cell
(Fig. 1) with a = 7.359 (1)A.

The scanning electron micrographs (SEM) for the
oxide prepared by the ceramic method and the poly-
meric precursor method have been shown in Figs. 2
and 3. It is seen that the grains obtained by the solid
state method are spherical with large grain size of
around 2 to 4 Am. However, we find much smaller
grains 0.5 to 1.0 Am in the sintered oxide obtained by
the polymeric precursor method.

The dielectric properties of the above samples have
been studied. The dielectric constant (E) for CaCu3-

Ti4O12 prepared by the polymer precursor method
varied from 3000 at 1 kHz to 700 at 500 kHz. The
plot of the dielectric constant (e) and dielectric loss
(D) vs. the logarithm of frequency in Fig. 4. The plot

4000 0.8

0.6

0.4 D

0.2

0
2.5 3.5 4.5 5.5

log Frequency

6.5

Fig. 2. Scanning electron micrograph of CaCu3Ti4O12 prepared by
the polymeric citrate precursor route and sintered at 1000 jC.

Fig. 4. Plot of the dielectric constant (e) and dielectric loss (D) with
the logarithm of frequency of CaCu3Ti4O12 prepared by the
polymeric citrate precursor route and sintered at 1000 jC.
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shows that e decreases with increase in frequency. The
dielectric loss (D) shows a slight increase from 0.3 at
1 kHz to 0.35 at 100 kHz. However, there is a sharp
increase in the dielectric loss beyond 100 kHz and the
value reaches to around 0.7 at 500 kHz.

We have also studied the dielectric properties of the
oxides prepared by using the solid state route. We
obtain a similar behaviour (Fig. 5) of the dielectric
constant and dielectric loss with frequency, although
the values of the dielectric constant and dielectric loss
at any particular frequency are slightly lower from
those of the oxide obtained by the polymeric citrate
precursor route. We find that the dielectric constant is
much lower than those reported earlier [4]. We have
tried to keep our conditions quite close to those
reported earlier for the solid state synthesis. However,
we are unable to achieve the earlier reported high
dielectric constant of 104 in poly crystalline samples
[4] or close to 105 in single crystals [7].

It is to be noted that among the samples prepared
by us the polymeric precursor route leads to a rela-
tively higher dielectric constant that is obtained by the
solid state route. Note that the micro structure of the
two samples differs appreciably. In one we have
observed much larger spherical grains (2-4 Am) and
in the other case grains of around 0.5 to 1.0 Am. The
latter gives relatively a higher dielectric constant.
Normally, we would expect solids with larger grains
and less grain boundaries to lead to higher dielectric
constant. The densities of the two disks are 96% and
98% of the theoretical density. This small change in
the density may be sufficient for the difference in the
dielectric constant of the two samples.

From our studies, we conclude that grain size and
density may be suitably altered by alternate routes of
synthesis. There appears to be a stronger correlation

tuuu
35003000 -
2500 -
t100
1500 -
1000 -
500 -

_ ̂

1.5

/

^V——• *^

2.5 3.5 4.5 5.5

log frequency

-D

6

0.4
- 0.3

-0.2

- 0.1

n

5

Fig. 5. Plot of the dielectric constant (e) and dielectric loss (D) with
the logarithm of frequency of CaCu3Ti4O12 prepared by the solid
state route and sintered at 1000 jC.

between high dielectric constant and the density
which is overriding the larger grain size (but lower
density) in the oxide obtained by the ceramic method.
Our studies show that the dielectric loss increases with
frequency and becomes high as 0.7 at 500 kHz. For
any practical application, methods need to be found to
lower the dielectric loss of this material.
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