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Abstract
Dielectric response of the porous YCrO3 nanoceramic has been investigated as a function of
sintering temperature. Pore structure at different sintering temperatures has been studied by
small-angle neutron scattering (SANS). It has been observed that overall polydispersity of
pore-size distribution decreases and loss peak of the ac dielectric response gets pronounced with
a slight peak shift towards higher frequency with increasing sintering temperature. A
non-Debye to Debye type transition of the dielectric response is observed beyond a sintering
temperature of 1400 ◦C. Dielectric results were explained on the basis of pore morphology,
pore-size distribution and connectivity between the pores.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Dielectric properties of heterogeneous materials, in particular
porous materials, have been the subject of immense interest
for quite some time [1]. This is partially due to a
need for understanding the electrical properties of various
technological materials and also to understand the fundamental
physics aspect of the charge carrier transport phenomenon
in heterogeneous materials. Propagation of electromagnetic
waves in disordered materials leads to an interesting question
about the theoretical description of physical phenomena like
many-body interactions (dipole–dipole, ion–ion or electron–
electron interactions) in such materials [2]. In particular,
biferroic materials, which possess both ferromagnetic and
ferroelectric properties, are of special interest because of their
potential technological applications [3]. Recently YCrO3,
a rare-earth chromate, has been observed as biferroic in
nature [4]. In general, dielectric properties of materials may
be represented by a complex electrical permittivity ε∗ =
ε′ + iε′′. The complex part of the permittivity (ε′′) is a
measure of energy dissipation in the material. Dielectric
loss is generally described in terms of the loss tangent,

3 Author to whom any correspondence should be addressed.

tan(δ) = ε′′
ε′ . The various polarization mechanisms manifest in

different frequency regions of dielectric spectra and the value
of the relative permittivity is governed by different polarization
mechanisms in different frequency regimes. In general, the
dielectric response in materials is of two kinds. In the first
kind, the dielectric response arises due to charge carriers
and usually appears at a relatively lower frequency regime
of the dielectric spectra. This is also called anomalous low
frequency dispersion (ALFD) and was identified by Jonscher
for the first time [5]. The second kind of universal response
involves a relaxation process. This occurs primarily in dipolar
systems. But in some cases low mobility charge carriers are
also responsible for this type of behavior [6]. Factors which
affect the dielectric constant and loss are broadly classified
into two categories: intrinsic and extrinsic. Intrinsic losses
are dependent on the crystal structure and can be described
in terms of the interaction of the phonon system with the
alternating electric field, whereas extrinsic losses depend on
the heterogeneity of the medium such as porosity, impurities,
grain boundaries, micro-cracks, random crystal orientation,
etc [7–9]. Electrically heterogeneous materials may experience
interfacial polarization. In these materials, the motion of
charge carriers may occur easily through one phase and
therefore the motion of charge carriers is constricted at phase
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Table 1. Important parameters from SANS and dielectric measurements.

Sintering
temperature
(◦C)

Porosity
(%)

Actual
density
(%TD)

〈R〉
(nm)

[〈R2〉−〈R〉2]0..5

(nm) fp (Hz) m n (1 − n)

1300 61 39 14.3 16.9 1.6 × 103 0.42 0.25 −0.75
1400 59 41 8.5 9.1 0.8 × 103 0.39 0.28 −0.72
1500 42 58 8.8 7.9 5.6 × 104 1.0 0.005 −2
1600 22 78 7.6 6.5 4.0 × 104 0.99 0 −2

boundaries. For example, in porous materials pores can be
considered as inhomogeneities in a solid matrix. Charge
carrier movement through the solid matrix is relatively easier
as compared to movements through pores. As a result, charge
builds up at interfaces and forms a dipole. These dipoles can be
polarized in the external applied electric field. Such effects are
known as Maxwell–Wagner effects [10, 11]. Thus, interfacial
polarization plays a significant role in porous materials as far
as its dielectric response is concerned.

Sintering is a thermal treatment that binds particles
together into a solid coherent structure by means of mass
transport mechanisms occurring largely at the atomic level.
The initial powder (called a green powder) has a large surface
area relative to its volume. This surface area provides the
driving force in sintering, which is the reduction of the free
surface energy resulting from the high surface area of the
particles. Thus, sintering controls the microstructure in a
mesoscopic length scale. In this way, sintering controls pore
morphology and porosity in materials [12].

Small-angle neutron scattering (SANS) is an important
and non-destructive technique to probe the mesoscopic
structure in ceramics and other porous materials [13–17].
SANS has an advantage for investigating pore structure in
ceramics compared to other techniques such as BET, mercury
porosimetry, etc, as SANS can probe open as well as closed
porosity in the specimen.

The present work deals with SANS investigation on pore
characteristics and the effect of pore structure on the low and
intermediate frequency (0.02–1000 kHz) dielectric response of
YCrO3 nanoceramic at different sintering temperatures.

2. Experimental details

2.1. Sample preparation

Nanocrystalline YCrO3 has been prepared by a gel-combustion
technique. Details of the preparation method have been
described elsewhere [18]. For the present study, the powder
has been calcined at 600 ◦C to obtain a chemically pure
and crystalline product. The initial powder characterization
has been described in an earlier paper [18]. The resulting
nanocrystalline powder was cold pressed into pellets at a
compaction pressure of 200 MPa using a hydraulic press.

The pellets were sintered at temperatures of 1300, 1400,
1500 and 1600 ◦C. The porosity measurements have been
carried out by the gravimetric method. The measured porosity
values are tabulated in table 1.

2.2. SANS

SANS experiments have been performed using a double-
crystal-based medium resolution small-angle neutron scatter-
ing instrument (MSANS) at the Guide Tube Laboratory of the
Dhruva rector at Trombay, India [19a]. The instrument consists
of a non-dispersive (1,−1) setting of (111) reflections from
silicon single crystals with the specimen between two crys-
tals. The scattered intensities have been recorded as a func-
tion of wavevector transfer q (= 4π sin(θ)/λ, where 2θ is the
scattering angle and λ (= 0.312 nm) is the incident neutron
wavelength for the present experiment). Measurements have
been performed on pellets which were sintered at tempera-
tures of 1300, 1400, 1500 and 1600 ◦C. To access a higher
q range, experiments have also been performed using a 5 m
long slit-geometry SANS diffractometer at the Guide Tube Lab
at Dhruva, India [19b]. It makes use of a BeO filter as a
monochromator. The beam passes through two slits S1 and S2

before it is incident on the sample. The angular distribution of
neutrons scattered by the sample is recorded using a 1 m long
linear position-sensitive detector. SANS profiles were recorded
in the q range 0.003–0.17 nm−1 by MSANS and in the q range
0.17–3.5 nm−1 by slit-based SANS. In order to correct the mul-
tiple scattering effects for the above specimens, SANS exper-
iments were performed for two different thicknesses of each
specimen in order to correct the multiple scattering effect [20].
SANS profiles of the specimens were corrected for the smear-
ing effect using the method given in the literature [21] prior to
further analysis.

2.3. Dielectric measurements

Capacitance and tan(δ) values have been measured using a
RLC bridge in the frequency range 0.2–100 kHz. Values of
the relative permittivity (ε′

r) at various frequencies have been
calculated from the measured capacitance values by using the
appropriate geometric factor. The imaginary part (ε′′

r ) has
been calculated by multiplying ε′

r with tan(δ). The real and
imaginary parts of the electrical permittivity are shown in
figures 5 and 6, respectively.

3. Data analysis and discussion

In traditional small-angle scattering (SAS) experiments using
‘thin samples’, scattering data are interpretable in terms of laws
based on the single-scattering approximation. In such cases
the functionality or shape of the scattering profile is invariant
with respect to sample thickness or wavelength of the probing
radiation. In other words, the scattering profiles recorded with
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Figure 1. SANS profiles (from MSANS) for 1600 ◦C sintered pellets
for two thicknesses are shown. The corresponding extracted
single-scattering profile is compared with the experimental
profiles for two thicknesses.

Figure 2. Multiple-scattering corrected SANS profiles with model fit
for different sintering temperatures. The inset of the figure shows the
derivative of the intensity with q.

variation of sample thickness or wavelength are different as
regards a scale factor only. They become indistinguishable
from each other after suitable normalization or when the
absolute intensities are used to represent the scattering profiles.

SAS data from porous systems are often affected by
multiple scattering [21]. The influence of multiple scattering
in SAS data arises due to one or more of these factors:
strong contrast, long wavelength, large inhomogeneities and
significant thickness of the sample. Very often, factors like
strong contrast, long wavelength and large inhomogeneities
reduce the scattering mean free path (SMFP) l to such
an extent that there is a gross violation of the single-
scattering approximation which demands that thickness should
be infinitesimally small in comparison to the SMFP. But often
samples supposed to replicate the bulk matrix in essential
properties are too thick for the single-scattering approximation
to be valid.

The signature of multiple scattering is the functional
dependence of measured profiles on the sample thickness or
the wavelength of the probing radiation [22, 23a].

A measure of multiple scattering is generally quantified
by scattering power (N), which is the ratio of sample thickness

Figure 3. SANS profiles for different sintering temperatures with the
model fit in Porod representations.

(t) to the mean free path (l) of the neutrons [22, 23a]. The
single-scattering profile can be extracted from the recorded
profiles for two different thicknesses of the specimens or for
two different wavelengths of the neutron [22].

The algorithm for inversion of multiple-scattering profile
into single-scattering profile (SSP) is based on the principle
that, although the different multiple-scattering profiles are
functionally distinct with N , the computed SSP from each of
them is functionally the same or at least deviated, provided
the correct N value is used for the inversion [22]. The most
important step of this algorithm [22] is the estimation of N for
each measurement from the two computed g j(r) ( j = 1, 2)
functions in real space obtained by the Hankel transformation
[g(r) = ∫

q I (q)J0(qr) dq] of two SANS profiles I j (q).
To determine scattering mean free path (l) from

measurements with two different thicknesses, the following
function:

∑
i [Y1(ri ,

t1
l ) − Y2(ri ,

t2
l )]2, is minimized with

respect to l. The function Y (r, N) = 1
N ln[ g(r)

g(0)
[eN − 1] + 1] is

proportional to the Hankel transform of the SSP.
SANS profiles for two different thicknesses corresponding

to a specimen sintered at 1600 ◦C are depicted in figure 1.
The profiles are normalized at the lowest accessible q value
in order to compare the functionality of the two profiles. It
is evident from the figure that the profiles are significantly
modified with variation in the sample thickness and hence
the effect of multiple scattering in the present case cannot
be neglected. Using the methodology as described above,
the corresponding SSP, extracted from the multiple-scattering
profiles (for two different thicknesses) is depicted in figure 1.
It is evident that the extracted SSP is sharper as compared to
the recorded profiles which are affected by multiple scattering.
Similarly, for other recorded profiles, the SSP was extracted
with the above-mentioned algorithm.

The corrected SANS profiles are plotted in figure 2 for
different sintering temperatures. SANS profiles are also
depicted in the Porod plot (I (q)q4 versus q) in figure 3.

It is evident from table 1 that the porosity decreases with
increasing sintering temperature. It is observed from figures 2
and 3 that SANS profiles get significantly modified as sintering
temperature is increased.
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A shoulder-like feature (at q ∼ 0.15 nm−1) starts
appearing at 1400 ◦C and becomes more pronounced at higher
sintering temperatures. But the observed shoulder position
does not shift appreciably with sintering temperature.

To explain these features of the scattering data a model
as described below has been adopted The intensity from an
ensemble of mono-disperse pores in a matrix is given by

I (q) ∝ d�(�)

d�
= τ (ρmatrix − ρpores)

2V 2
p P(q) (1)

where τ is the number density of pores in the specimen,
(ρmatrix − ρpores)

2 is the contrast factor between pores and
matrix, Vp is the pore volume and P(q) is the form factor of
the pores.

Here we have considered the spherical form factor for
P(q). In reality for a ceramic system pores are not truly mono-
disperse in size but a hierarchy of length scales exists.

For a polydisperse system the expression for scattered
intensity can be expressed as

I (q) = C
∫

D(R)V 2
p (R)P(q, R) dR. (2)

In the present case it is assumed that polydisperse
spherical pores are dispersed in the matrix. The distribution of
sizes of the pores has been assumed to be lognormal in nature
and the basis for this assumption is explained below.

A distribution of a variable is modeled as lognormal when
the distribution is generated by many effects. Products of many
small independent factors are responsible for the variation of
the variable. A random variable X is said to be lognormally
distributed if log(X) is normally distributed. The variable
assumes only positive values and the distribution is skewed to
the left. Skewed distributions are particularly common when
mean values are low, variances are large and values of the
variable cannot be negative, as in the present case for pore-size
distribution in a ceramic. Skewed distributions often closely fit
the lognormal distribution.

In a proportionate size-dependent growth process

r j+1 − r j = k jr j

where r j is the radius at the j th step of the growth process and
k j is a random number which varies between 0 and 1 depending
upon factors responsible for growth.

For a natural growth process, there are many factors
responsible for the size-dependent growth and, hence, the
size distribution is often found to be lognormal [23b]. Such
processes appear in various fields, such as environmental
sciences, aerosol research, biology, medical sciences etc.

The prevailing operation in the laws of natural sciences is
multiplication. For instance, the rate of a chemical reaction
depends on the product of the concentrations of the molecules
involved. Likewise, the coalescence probability of two
different types of pores is determined by the product of their
population densities. Equilibrium conditions are governed by
factors that act in a multiplicative way and that is why the
governing frequency distributions in nature usually favor the
lognormal distribution.

Several independent factors are responsible for the
formation of pores in ceramics. Hence, pore-size distribution
has been modeled as a lognormal distribution. Further, a
lognormal distribution could explain the present data well:

D(r, a, b) = 1√
2πb2r 2

exp

[

−
{
ln

(
r
a

)}2

2b2

]

. (3)

It has already been mentioned (as evident from figure 2)
that a shoulder-like feature exists in the scattering profiles for
specimens with sintering temperatures beyond 1300 ◦C. It is
also observed that this feature becomes more prominent with
increasing sintering temperature. In other words, the shoulder-
like feature is pronounced as porosity decreases. If looked at
carefully, it is observed from figure 2 that the whole profile
may be segmented into two zones, namely zone I (below q =
0.15 nm−1) and zone II (above q = 0.15 nm−1), respectively.

At this point it is interesting to discuss that the shoulder-
like feature, as mentioned above, in SANS profiles cannot be
quantified in terms of a peak as is evident from the nature of
the derivative of the intensity with q (inset of figure 2). The
derivative of the profiles has been shown in the inset of figure 2.
It is clear from the inset that the derivative is not changing its
sign near the shoulder-like feature. Hence, in the present case
the above feature in the profile is termed as a ‘shoulder’. The
appearance of a shoulder in the scattering profile may originate
from one of the following possibilities. Firstly, it may appear
due to the correlation in the pore structure and manifests in
the scattering profile. Secondly, the shouldering effect may
be due to the modification in the pore-size distribution during
sintering. Emergence of a bimodal pore-size distribution with
well-separated modes during sintering is also a possibility. The
first possibility, in the present case, can be discounted on the
basis of the fact that the prominence of the shoulder-like feature
increases with decreasing porosity. For the validity of the first
possibility it should be the other way, i.e. the shoulder-like
feature should be more pronounced when porosity is greater.
So, the second possibility appears to be a more plausible reason
in the present case.

For the specimen sintered at the temperature of 1300 ◦C,
the shoulder does not exist and can be explained by a single
pore-size distribution. Hence, the SANS profiles for specimens
sintered beyond 1300 ◦C were analyzed by introducing a
distribution function D(r) which is the linear combination of
the two distributions in order to explain the whole profile.
Estimated pore-size distributions are depicted in figure 4. The
number density of the larger size pores was found significantly
smaller than that of the smaller size pores and hence the former
distribution is not distinctly visible in figure 4 in linear scale.
So, the larger pore-size distribution is plotted separately in
the inset of the figure for clarity. It is interesting to note
that, although the number density of the larger size pores
is significantly smaller compared to that of the smaller size
pores (ratio ∼10−4), the effect on the scattering profile is quite
significant.

This is due to the fact that the scattering intensity depends
on the sixth power of the radius (i.e. square of the volume)
of the particles and the effect becomes significant as far
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Figure 4. Combined pore-size distribution for different sintering
temperatures. Inset shows separately the larger size distribution
component only, which is otherwise not clearly visible in the main
figure (see text).

Figure 5. Real part (ε′) of the dielectric response as a function of
frequency for different sintering temperatures.

as the scattering intensity is concerned. As expected, the
contribution from the larger size distribution modifies the
profiles in zone I. The extracted parameters from the above
model have been tabulated in table 1. From figure 4 and
table 1, it has been observed that the average pore size is
reduced and overall polydispersity of the pore-size distribution
also decreased with increase in sintering temperature. It has
also been observed from table 1 that, as expected, porosity
decreases significantly as sintering temperature is increased
and the pellets becomes denser. These observed variations in
pore structure and porosity can be explained on the basis of the
sintering theory. High surface area/surface energy of particles
provides the driving force for sintering. Thus, coalescence
of smaller particles into bigger particles occurs via a mass
transport diffusion process during sintering. This leads to a
reduction in surface area. Hence, this results in shrinkage
of the matrix and decrease in porosity. Thus, the density
of the material increases towards its theoretical density upon
sintering [12]. Also, at higher sintering temperature grain
size increases and the pores tend to break away from the
grain boundaries and become spherical. Smaller pores are
eliminated, while larger pores can grow.

Figure 6. Imaginary part (ε′′) of the dielectric response as a function
of frequency for different sintering temperatures.

Emergence of the shoulder-like feature is basically due
to the decrease in polydispersity of the combined pore-size
distribution and the appearance of the second-larger length
scale pore-size distribution with sintering temperature.

From figure 5 it is discernible that the frequency
dependence of ε′ shows a significant change above 104 Hz. For
samples sintered up to 1400 ◦C, the high frequency variation of
ε′ shows f −1 dependence, i.e. the slope of the straight line
in a double logarithmic plot is −1. However, the situation
is significantly different for the samples sintered at higher
temperatures. In this case the dependence of ε′ at the higher
frequency regime is ∼ f −2, yielding a slope of the straight line
of the log–log plot of −2. So, there is a change of slope from
−1 to −2 as the sintering temperature is increased.

Like the variation in the real part of the permittivity, the
imaginary part is also significantly altered by sintering vis-á-
vis the pore structure modification. From figure 6 it is evident
that the imaginary part shows some kind of peak-like feature (at
f ∼ 8×104 Hz) for the specimen sintered at 1500 and 1600 ◦C.
A closer look at figure 6 shows a broadened peak/hump-like
feature at around a frequency ∼2 × 103 Hz. However, it is
seen that the anomalous increase near the low frequency region
shadows the exact peak position. It means peak-like structures
exist even in this case but they are not very pronounced as
compared to profiles for pellets sintered at 1500 and 1600 ◦C.
It is also interesting to observe that the dielectric loss increases
as frequency decreases in the low frequency regime.

The dielectric loss peak is represented empirically by the
Jonscher model [24], which is also known as the universal
dielectric response (UDR) and can be expressed as

ε′′( f ) = c3
(

f
fp

)−m +
(

f
fp

)1−n (4)

where fp characterizes the peak frequency. Here exponents
m and 1 − n both vary in the range 0–1. A Debye-type
response corresponds to both these exponents being equal to
unity, i.e. the situation with m = 1 and n = 0. When the
exponents m and (1 − n) are both close to unity then the
response is called a near-Debye type. Then, when the m and
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(1−n) exponents are far from unity the response is called non-
Debye. It is noteworthy that a classical Debye-type response
corresponds to a non-interacting dipolar system. A non-Debye-
type response corresponds to an interacting dipole system and
the parameters m and (1−n) represent the degree of correlation
between dipoles.

However, equation (4) does not take into account the
anomalous increase in the low frequency regime. This can be
accounted for by a modification of equation (4) by adding a
power law term in it [25]. Thus, to fit the whole spectrum,
including the low frequency anomalous increase, the following
expression was used:

ε′′( f ) = c3
(

f
fp

)−m +
(

f
fp

)1−n + c4 f m1 . (5)

Thus, in equation (5) the first term corresponds to
the dielectric response which involves a relaxation process,
which occurs primarily in dipolar systems. The second
term corresponds to the response from the charge carrier’s
movement such as conduction, hopping, jump, diffusion etc,
which is mainly responsible for the loss in the dielectric
materials at lower frequencies. So the dielectric response
of the samples can be broadly divided into two parts: a
low frequency contribution due to charge carrier transport
and a high frequency contribution due to dipolar relaxation
processes.

It is clear from the dielectric data (figure 6 and table 1) that
for the pellets sintered at 1300 and 1400 ◦C the imaginary part
of the dielectric response is best fitted for m = 0.42 and 0.39,
and n = 0.25 and 0.28, respectively. As described earlier this
situation, i.e. the strong deviation of m and (1 − n) from unity,
correspond to a non-Debye-type response. In contrast, for the
case of pellets sintered at 1500 and 1600 ◦C the imaginary part
of the response is best fitted with m = 1.0 and 0.99, and n =
0.005 and 0, respectively. This situation corresponds to the
near-Debye-type dielectric response. This indicates a transition
of the dielectric response from non-Debye-type to near-Debye-
type occurs with an increase in sintering temperature vis-á-vis
modification of the pore structure and pore connectivity.

To confirm the above findings let us concentrate on the
frequency dependence of the real part of the response. For the
non-Debye-type response for f > fp, the expression for ε′
can be derived from equation (5) by Kramers–Kronig relations,
where the real part of the permittivity at high frequency can be
written as

ε′( f ) = c f n−1 (6)

with the same criteria on n as mentioned earlier. It is observed
that, with the same values of n, the real part of the dielectric
spectra fits quite well for both 1300 and 1400 ◦C sintering
temperatures. Similarly, a near-Debye-type response has been
observed from the imaginary part of the response for the pellets
sintered at 1500 and 1600 ◦C. To confirm this a classical
Debye-type response for the real part of the dielectric spectra
ε′( f ) = c1

1+(
f
fp

)2
has been adopted for f > fp for 1500 and

1600 ◦C samples.
Although the above equation fits quite well for f > fp due

to an increasing trend at low frequency the whole frequency

spectrum could be best fitted with an additional term in order
to fit the frequency spectrum in the lower frequency regime:

ε′( f ) = c1

1 +
(

f
fp

)2 + c4 f −k . (7)

The above model fits the real part of the response for 1500
and 1600 ◦C. Thus the above analysis for the real part of the
permittivity further confirms the transition from a non-Debye-
type to near-Debye-type dielectric response.

As mentioned earlier interfacial polarization across a pore
boundary results in a dipolar system. The pore network
at relatively lower sintering temperature (below 1400 ◦C)
is expected to be somewhat random and polydisperse in
nature. At this temperature pores are connected to some
extent and porosity is larger and results in an interacting
dipolar system. With increase in the sintering temperature,
the pores become more isolated and less polydisperse. So,
when the sintering temperature is below 1500 ◦C a non-
Debye-type response appears and is primarily attributed to
the interconnected polydisperse pores with rough pore–matrix
interface. As mentioned earlier the SANS data corroborates
these observations. When the sintering temperature is
enhanced beyond 1400 ◦C, the overall polydispersity of the
size distribution and also porosity decreases significantly.
These modifications in pore structure may be attributed to the
mass transport during sintering [12]. Also, the connectivity of
pores breaks as sintering temperature is increased. Sintering
at higher temperatures gives rise to a smoothening of the pore–
matrix interface [31] while the interfaces remain rough at lower
sintering temperatures.

Smoothening of pore walls and reduction in total surface
area are realities in normal sintering processes but the
reduction of porosity during sintering cannot induce a most
probable separation distance between the pores. If at all,
correlation between the pores will decrease with sintering
as the population decreases. As the total volume of pores
decreases with sintering, the increase in population of pores
to induce the most probable separation more effectively will
only result in increased interface area. This is certainly not the
case here.

Thus, the aforementioned geometrical modifications in the
pore structure upon sintering results in a non-interacting dipole
system. This in turn leads to a near-Debye-type response.

From figure 6 and table 1 it has also been observed that
the peak frequency of the dielectric loss for 1300 and 1400 ◦C
sintering temperature does not alter significantly within the
error bar. A similar trend is observed for 1500 and 1600 ◦C
sintered samples but the peak frequency is significantly shifted
towards the higher frequency side as sintering temperature is
increased from 1400 to 1500 ◦C.

The peak frequency depends on the activation energy and
can be written as fp ∝ exp(− W

kT ). In earlier studies on
porosity dependence [26–30] of the dielectric response, it has
been shown that the activation energy depends on specific
pore surface area and porosity. As the sintering temperature
is enhanced the specific surface area of the pores decreases,
which results in shifts in the peak frequency towards the higher
side.
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Figure 7. Variation of dielectric loss (ε′′) at very low frequency with
porosity of specimens.

It is also noteworthy to mention that loss at low frequency
decreases significantly with sintering temperature. The
variation of ε′′ at the lowest available frequency (∼40 Hz) with
porosity (at different sintering temperature) has been depicted
in figure 7.

It can also be understood in terms of Archie’s
phenomenological law for real conductivity σ ′(0) (i.e. is
proportional to the complex part of the permittivity ε′′(0))
∝ φm where φ is the porosity of the medium. The exponent
m is called the cementation index and it ranges experimentally
between m ∼ 1 and m ∼ 4.

The cementation index has been found in the present case
to be 2.52 ± 0.80.

4. Conclusions

Reduction in polydispersity of the pore-size distribution in
nanocrystalline YCrO3 occurs as the sintering temperature
is enhanced. A shoulder-like feature in SANS data beyond
a sintering temperature of 1400 ◦C is attributed to the
significant modifications in the pore structure and emergence
of bimodal pore-size distributions with well-separated modes
upon sintering.

The dielectric response in the frequency range 0.2–
100 kHz showed a strong dependence on the pore
characteristics. A transition from non-Debye response to
near-Debye response was observed as sintering temperature is
increased beyond 1400 ◦C and is corroborated by the results
obtained from the SANS analysis. This is attributed to
the combined effect of pore–matrix interface smoothening,
reduction of polydispersity of the pore-size distribution and
breaking of the connectivity of the pores with increasing
sintering temperature.
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