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The Sr1�xLaxTi1�xCrxO3 (04x41) system was synthesized
at 15003C for about 60 h. Their structures were analyzed by the
use of powder X-ray di4raction data and Rietveld analysis soft-
ware GSAS (General Structure Analysis System). Three solid
solutions are found: cubic solid solution Sr1�xLaxTi1�xCrxO3

(04x40.168, space group Pm3� m), rhombohedral solid solu-
tion Sr1�xLaxTi1�xCrxO3 (0.234x40.67, space group R3� c)
and orthorhombic solid solution Sr1�xLaxTi1�xCrxO3 (0.924

x41, space group Pnma). The conductivities of this series were
measured mainly from 25 to 4503C. It was found that this series
changed from dielectric material SrTiO3 to semiconductor
LaCrO3 continuously. The highest conductive sample was found
to be Sr1�xLaxTi1�xCrxO3 with x � 0.92, whose conductivity at
room temperature was about 5� 10�3 ��1 cm�1. � 2002 Elsevier

Science (USA)

1. INTRODUCTION

Various studies have been made on SrTiO
�
and doped

SrTiO
�
in order to clarify their structural and physical

properties, as they are fundamentally important oxides in
solid-state physics. Pure SrTiO

�
belongs to cubic perovskite

at room temperature and exhibits a structural phase
transition to tetragonal phase at 105 K accompanied by
rotations of oxygen octahedra. Although it remains para-
electric down to an extremely low temperature, several
papers have shown that SrTiO

�
or doped SrTiO

�
could be

a ferroelectric relaxor under certain conditions (1}9). In
particular, relaxation behaviors were reported in the
Sr

���
La

�
Ti

���
Co

�
O and Sr

���
La

�
Ti

���
Ni

�
O systems

(10, 11). The motivation of the present series of study is to
check whether these relaxation behaviors are also observed
in the Sr

���
La

�
Ti

���
Cr

�
O

�
system, compounds substitu-

ting both La and Cr into SrTiO .
�To whom correspondence should be addressed. E-mail: gblicn@
3.net.
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2. EXPERIMENTAL

The series Sr
���

La
�
Ti

���
Cr

�
O

�
(x"0, 0.05, 0.1, 0.2, 0.3,

0.4, 0.5, 0.6, 0.8, 0.86, 0.90, 0.92, 0.94, 0.96, 0.98, 1, named
as SLTC01, SLTC02,2, SLTC16) has been synthesized
from stoichiometric amounts of La

�
O

�
, SrCO

�
, Cr

�
O

�
,

and TiO
�

(high-purity grade). The oven-dried reagents
were mixed and homogenized by grinding during about
30 min for total 6 g of mixtures with an agate mortar
and a pestle. The mixtures were given three 6-h calcinations
at 14003C with intermediate grindings. They were
then pressed into pellets to undertake six 10-h heat treat-
ments at 15003C followed by a furnace cooling each
time with intermediate grinding and then were pressed
again into pellets. All the treatments were carried out
in air. The weights of the samples were monitored before
and after heat treatments. The maximum di!erence was
about 4 mg for the 6 g samples. Therefore, the compositions
of the samples were considered to be the same as the initial
ones.
X-ray di!raction data of the samples were obtained by

using RAD-IC di!ractometer employing CuK� radiation
(�

�����"1.54056 A� , �
�����"1.54440 A� ) with an Ni "lter,

operated with 40 kV, 20 mA, and a continuous scanning
method with 0.23/min, and RINT di!ractometer employing
FeK� radiation (�

�����"1.93604 A� , �
�����"1.93998 A� )

with an Mn "lter operated with 40 kV, 20 mA, and a step
scanning method with �2�"0.0263, �t"5 s. The scanning
2� range was 20}1403 for CuK� radiation, or 24}1503 for
FeK� radiation.
The X-ray di!raction data were analyzed by using GSAS

software to obtain the lattice parameters. Acceptable "ttings
between the experimental data and the proposed models
were obtained with R

�
(4.0%, R

��
(5.0% for all the

data.
AC impedance data were obtained from HP4192A impe-

dance analyzer. The two faces of the pressed sample were
pasted with Pt paster. The frequency range is 5 Hz}12 MHz.
The temperature range is 25}4503C.
0022-4596/02 $35.00
� 2002 Elsevier Science (USA)

All rights reserved.



TABLE 1
The Comparison of the Structural Information of the
Sr1�xLaxTi1�xCrxO3 (04x41) System Reported

The presenting phases

Mitchell and Chakhmouradian Kennedy et al.
x (12)� (13)� This work�

0 Pm3� m Pm3� m Pm3� m
0.1 I4/mcm Pm3� m Pm3� m
0.2 I4/mcm Pm3� m Pm3� m#R3� c
0.3 Pnma R3� c R3� c
0.4 Pnma R3� c R3� c
0.5 Pnma R3� c R3� c
0.6 Pnma R3� c R3� c
0.8 Pnma R3� c R3� c#Pnma
0.9 Pnma Pnma R3� c#Pnma
1.0 Pnma Pnma Pnma

� Synthesized at 13503C for 24 h.
� Synthesized at 15003C for 48 h.
� Synthesized at 15003C for 60 h.

FIG. 1. The "tting results of the sample SLTC04 from di!erent models.

FIG. 2. Variation of the lattice parameter a of the cubic phase with the
average composition ratio x. x is the ratio of La/(La#Sr) in the sample.
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3. STRUCTURE ANALYSIS

Some di!erences were reported for the structural in-
formation of the Sr

���
La

�
Ti

���
Cr

�
O

�
(04x41) system

(12, 13) as shown in Table 1. Our work con"rmed that at
room temperature the series Sr

���
La

�
Ti

���
Cr

�
O

�
(04x41) was composed of three solid solutions and two
two-phases areas. The solid solutions were cubic
Sr

���
La

�
Ti

���
Cr

�
O

�
(04x40.168), rhombohedral

Sr
���

La
�
Ti

���
Cr

�
O

�
(0.234x40.67) and orthorhombic

Sr
���

La
�
Ti

���
Cr

�
O

�
(0.924x41). Between them there

are the corresponding two-phase regions. These results
agree well with that of Kennedy et al. (13) except for some
details.

3.1. Cubic Solid Solution Sr1�xLaxTi1�xCrxO3

It is well known that at room temperature SrTiO
�
has

a cubic perovskite structure (space group Pm3� m) (14). The
di!raction pattern of SrTiO

�
synthesized in the present

work can be well re"ned by the Pm3� m structural model with
Ti at (0.5, 0.5, 0.5), Sr at (0, 0, 0) and O at (0.5, 0.5, 0) sites
with R

�
"3.6% and R

��
"4.4%. The re"ned lattice para-

meter [a"3.9051(1) A� ] is closer to the previously obtained
values (12, 15).
It was found that the di!raction patterns of SLTC02 and

SLTC03 (Sr
���

La
�
Ti

���
Cr

�
O

�
with x"0.05, 0.1) could

also be re"ned well by the Pm3� m structural model with Ti
and Cr at (0.5, 0.5, 0.5), Sr and La at (0, 0, 0), and O at (0.5,
0.5, 0) sites. The corresponding lattice parameters are
3.9036(1) and 3.9020(1) A� , respectively.
As for the sample SLTC04 (Sr

���
La

�
Ti

���
Cr

�
O

�
with

x"0.2), the X-ray di!raction data could be "tted well using
three models: (1) cubic model with a
�
"3.8992(1) A� ,

R
��

"4.48% and R
�
"3.47%; (2) cubic plus rhombohedral

model with a
�
"3.8999(1) A� , a

�
"5.5156(1) A� , c

�
"

13.5014(1) A� , R
��

"4.47% and R
�
"3.46%; (3) rhombo-

hedral model a
�
"5.5135(1) A� , c

�
"13.5118(1) A� , R

��
"

4.49% and R
�
"3.48%. It was di$cult to say which was

better. However, the rhombohedral phase had a di!raction
peak around 48.53 while using FeK� radiation as shown in
Fig. 1. A peak actually existed around 48.53 in the X-ray
di!raction data of the sample SLTC04. Therefore, it was
reasonable to say that there was a rhombohedral phase in
the sample SLTC04. We preferred to think that there were
two phases, cubic phase and rhombohedral phase, in this



FIG. 3. The comparison of the "tting patterns of the sample SLTC03 in the range 20}1403 with di!erent models: (A) tetragonal model (I4/mcm,
a
�
"5.5180(1) A� , c

�
"7.8063(1) A� , R

��
"3.96%, R

�
"2.53%); and (B) cubic model (Pm3� m, a

�
"3.9020(1) A� , R

��
"3.93%, R

�
"2.54%).
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sample. The more detailed reasons are shown in the next
section.
Figure 2 shows the relationship of the lattice parameter

a of the cubic solid solution Sr
���

La
�
Ti

���
Cr

�
O

�
with

composition parameter x of the samples. This relationship
agreed well with Vegard's law (16, 17):

a�
�
"a�

�
(1!x)#a�

�
x. [1]

Here, a�
�
, a�

�
and a�

�
were the lattice parameters of the cubic

Sr
���

La
�
Ti

���
Cr

�
O

�
, SrTiO

�
and the supposedly cubic

LaCrO
�
; a�

�
"3.9051 A� and a�

�
"3.8740 A� . Following this
relationship, the maximum x for the cubic Sr
���

La
�
Ti

���
Cr

�
O

�
was found to be 0.168 at room temperature.

However, Mitchell and Chakhmouradian (12) had shown
that the solid solutions Sr

���
La

�
Ti

���
Cr

�
O

�
with 0.14

x40.2 were of tetragonal structure. In fact, for example, the
powder X-ray di!raction data of the sample SLTC03 (with
x"0.1) could be "tted well using the tetragonal model
(I4/mcm, a

�
"5.5180(1) A� , c

�
"7.8063(1) A� , R

��
"3.96%,

R
�
"2.53%) and cubic model (Pm3� m, a

�
"3.9020(1) A� ,

R
��

"3.93%, R
�
"2.54%). Figures 3}5 show the di!er-

ences of the "tted results between the tetragonal and cubic
model. Obviously, the tetragonal model gave more expected



FIG. 4. The comparison of the "tting patterns of the sample SLTC03 in the range 126}1323 with two models: (A) tetragonal model; and (B) cubic
model. Some supperlattice peaks expected by the tetragonal model was not observed.
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peaks than the cubic model, but these additional peaks were
not found in the observed data. In addition, c

�
/a

�
"2.0006,

a
�
/a

�
"1.41415, �2"1.41421. This meant that it was bet-

ter to choose the cubic model to describe the structure of the
solid solution Sr

���
La

�
Ti

���
Cr

�
O

�
around x"0.1 at

room temperature.

3.2. Rhombohedral Solid Solution Sr1�xLaxTi1�xCrxO3

It was found that the di!raction patterns of SLTC05 and
SLTC08 (Sr

���
La

�
Ti

���
Cr

�
O

�
with x"0.30, 0.40, 0.50,
0.60) could be re"ned well by the R3� c structural model with
Sr and La at 6a (0, 0, 0.25), Ti and Cr at 6b (0, 0, 0), and O at
18e (x+0.5285, 0, 0.25) sites. The corresponding lattice
parameters are listed in Table 2. This agreed with the results
reported by Kennedy et al. (13).
Mitchell and Chakhmouradian (12) had suggested that

the solid solutions Sr
���

La
�
Ti

���
Cr

�
O

�
with x"0.30,

0.40, 0.50, 0.60 were of orthorhombic structure with the
space group Pnma. In order to check this possibility, the
data were tried to "t with this model. The "tted results
forced us to reject this model. For example, for the power



FIG. 5. The comparison of the "tting patterns of the sample SLTC03 in the range 37}393with two models: (A) tetragonal model; and (B) cubic model.
The supperlattice peaks expected by the tetragonal model was not observed.

385STRUCTURE AND CONDUCTIVITY OF PEROVSKITES Sr
���

La
�
Ti

���
Cr

�
O

�

X-ray di!raction data of the sample SLTC08 with x"0.60,
the orthorhombic model gave a "tting result of a

�
"

5.4810(2) A� , b
�
"7.7781(4) A� , c

�
"5.5169(2) A� , R

��
"

TABLE 2
The Lattice Parameters a and c of the Rhombohedral Solid

Solution Sr1�xLaxTi1�xCrxO3

Name SLTC05 SLTC06 SLTC07 SLTC08

X 0.30 0.40 0.50 0.60
A (A� ) 5.5141(1) 5.5129(1) 5.5120(1) 5.5108(1)
C (A� ) 13.4848(1) 13.4568(1) 13.4348(1) 13.4073(1)
9.61% and R
�
"6.21%. Usually, this was acceptable. How-

ever, the rhombohedral model gave a better result of
a
�
"5.5108(1) A� , c

�
"13.4073(1) A� , R

��
"4.32% and

R
�
"3.12%. In addition, the rhombohedral model could

explain all the peaks observed as shown in Fig. 6. Therefore,
the rhombohedral model was accepted.
Now let us discuss the question related to the sample

SLTC04 (x"0.20). As mentioned in the above section, it
may be a single-phase sample of rhombohedral structure, or
a two-phase sample composed of a cubic phase and a rhom-
bohedral phase. After the data of this sample were plotted
together with other data, it was easy to accept that this



FIG. 6. The comparison of the "tting patterns of the sample SLTC08 in the range 20}1403 with di!erent models: (A) orthorhombic model
(a

�
"5.4810(2) A� , b

�
"7.7781(4) A� , c

�
"5.5169(2) A� , R

��
"9.61%, R

�
" 6.21%); and (B) rhombohedral model (a

�
"5.5108(1) A� , c

�
"13.4073(1) A� ,

R
��

"4.32%, R
�
"3.12%).
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sample was a two-phase sample as shown in Fig. 7. The
main reason was the departure of the data of this sample
from Eq. [2]. According to the same reason, samples
SLTC09, SLTC10, and SLTC11 (corresponding to
Sr

���
La

�
Ti

���
Cr

�
O

�
with x"0.8, 0.86, 0.90) were treated

as two-phase samples.
The relationship of the lattice parameters of the rhom-

bohedral solid solution Sr
���

La
�
Ti

���
Cr

�
O

�
with com-

position parameter x of the samples, also agreed well with
Vegard's law (16, 17):

a	
�
"a	

�
(1!x)#a	

�
x. [2]
Here a	
�
, a	

�
and a	

�
are the lattice parameters of the rhom-

bohedral Sr
���

La
�
Ti

���
Cr

�
O

�
, the supposed rhombohed-

ral SrTiO
�

and the supposed rhombohedral LaCrO
�
;

a	
�
"3.9057 A� and a	

�
"3.8762 A� . Following this relation-

ship, the minimum x and the maximum x for the rhom-
bohedral Sr

���
La

�
Ti

���
Cr

�
O

�
was found to be 0.23(1) and

0.67(1) at room temperature.
Kennedy et al. (13) reported that the sample

Sr
���

La
�
Ti

���
Cr

�
O

�
with x"0.9 should be orthorhombic

at room temperature. A phase transition between orthor-
hombic and rhombohedral phase occurred around 1503C.
In our analysis, we found that the di!raction peaks come



FIG. 7. Variation of the lattice parameters a and � of the rhombohed-
ral phase with the average composition ratio x. x is the ratio of
La/(La#Sr) in the sample. �, the lattice parameters a and � obtained
under the two-phase model; �, the lattice parameters a and � obtained
under the one-phase model.
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from orthorhombic and rhombohedral phase overlapped
heavily as shown in Fig. 8. There were still some di!erences
found in the two ranges of 2� as shown in Fig. 9. The upper
short line in Fig. 9 indicated the di!raction peaks expected
in the orthorhombic model. The lower short line indicated
FIG. 8. The observed and "tting patterns of the sample SLTC11 in th
c
�
"13.3889(1) A� ) and the orthorhombic phase (a

�
"5.4792(1) A� , b

�
"7.75

indicated the peaks expected by the rhombohedral phase, the upper short li
the di!raction peaks expected by the rhombohedral model.
By carefully comparing the observed peaks and the expected
peaks using di!erent models, it was easy to believe that the
sample Sr

���
La

�
Ti

���
Cr

�
O

�
with x"0.9 had two phases.

3.3. Orthorhombic Solid Solution Sr1�xLaxTi1�xCrxO3

The compound LaCrO
�
was orthorhombic (18}20) at

room temperature. The powder X-ray di!raction data of
LaCrO

�
synthesized in this work could be re"ned well by

using Pnma with R
�
"1.9%, R

��
"2.4%. The unit-cell

parameters and the atomic coordinates obtained for La-
CrO

�
in the present work were in a reasonable agreement

with those reported in the previous studies (12, 20}22)
(Table 3).
The samples SLTC13}STLC16 with a small amount of

La and Cr to be substituted into Sr and Ti, respectively,
were found to exhibit a single phase having the same orthor-
hombic structure as LaCrO

�
with R

�
41.9%, R

��
42.4%

for all these samples. The corresponding lattice parameters
are presented in Table 4. As shown in Fig. 10, the relation-
ship between the lattice parameters and the composition
x of the solid solution Sr

���
La

�
Ti

���
Cr

�
O

�
agreed well

with Vegard's law (16, 17). The minimum x was found to be
0.92(1).

4. CONDUCTIVITY

Usually, the impedance spectra of ceramics contained the
information of the bulk, grain boundary and electrode (23).
The contribution from the grain boundary and the electrode
e range 24}1563. Two phases, the rhombohedral phase (a
�
"5.5106(1) A� ,

67(2) A� , c
�
"5.5185(1) A� ) were used in the "tting. The lower short line

ne indicated the peaks expected by the orthorhombic phase.



FIG. 9. The two enlarged parts of Fig. 8. (A) The range 50}523; and (B) the range 74}773. Some small peaks showed the existence of the rhombohedral
phase as indicated by the symbol R.
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were di!erent with di!erent treatments of the samples. In
order to give a comparable result, only the bulk conductiv-
ity was discussed below. They were presented in several
"gures to show clearly the di!erence in di!erent samples.
Figure 11 showed typical impedance spectra of the

sample SLTC01 (SrTiO
�
). According to the work of

Abrantes et al. (23), using the software of EQUIVCRT (24),
it was easy to obtain the bulk resistance of the sample.
Figure 12 showed the bulk conductivity of samples
SLTC01}SLTC04. They were of cubic structure at
room temperature expect SLTC04. From these data, the
activation energies were found to be 1.05, 0.29, 0.28 and
0.27 eV for SLTC01}SLTC04, respectively.
The bulk conductivity activation energy of SrTiO

�
pre-

pared by us was almost the same as that reported by
Abrantes et al. (25), whose result was 0.99 eV. After doping
with LaCrO

�
, the bulk conductivity of the sample increased

considerably with the increase in the amount of the dopant
in the sample, as shown in Fig. 12. The bulk conductivity
activation energy changed to 0.28(1) eV.



TABLE 3
The Structure Information for LaCrO3 (Pnma)

Mitchell and
Khattak and Chakhmouradian Tesuka et al.
Cox (20) (12) (22) This work

a (A� ) 5.483 5.4797(1) 5.4813(1) 5.4803(1)
b (A� ) 7.765 7.7588(2) 7.7611(1) 7.7599(1)
c (A� ) 5.520 5.5163(1) 5.5181(1) 5.5168(1)

La X 0.0196(4) 0.0191(2) 0.019(1) 0.0206(1)
> 0.2500 0.2500 0.2500 0.2500
Z !0.0046(5) !0.0026(5) 0.006(1) !0.0064(1)

Cr X 0.0000 0.0000 0.0000 0.0000
> 0.0000 0.0000 0.0000 0.0000
Z 0.5000 0.5000 0.5000 0.5000

O1 X 0.4935(6) 0.496(2) 0.494(3) 0.5084(1)
> 0.2500 0.250 0.250 0.25000
Z 0.0676(4) 0.059(3) !0.046(5) 0.0221(1)

O2 X 0.2265 0.233(3) 0.271(4) 0.2437(1)
> 0.5338 0.537(2) 0.031(2) 0.5065(1)
Z 0.2265(3) 0.228(3) !0.281(3) 0.2434(1)

FIG. 10. Variation of the lattice parameters a, b, and c of the orthor-
hombic phase with the average composition ratio x. x is the ratio of
La/(La#Sr) in the sample.
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The bulk conductivity of samples SLTC05}SLTC08 was
shown in Fig. 13. They were of rhombohedral structure at
room temperature. Their conductivity increased with the
increase of La and Cr in the samples. The bulk conductivity
activation energies were 0.27, 0.29, 0.26 and 0.25 eV, respec-
tively. One or two of these samples may have had a phase
transition during the conductivity testing from 25 to 4503C.
However, there was no clear evidence that appeared in the
conductivity curves. If all of them were supposed to be
rhombohedral during the testing, then the bulk conductivity
activation energy for the rhombohedral phase was about
0.27(2) eV. This value was quite similar to 0.28(1) eV for the
cubic phase. This meant that if a phase transition between
cubic and rhombohedral phase occurred at a certain
temperature between 25 and 4503C, the conductivity
measurement showed no di!erence. This might explain the
conductive behavior of the sample SLTC04, which had two
phases at room temperature.
TABLE 4
The Structure Data of the Orthorhombic Solid Solution

Sr1�xLaxTi1�xCrxO3

Name x a (A� ) b (A� ) c (A� )

SLTC16 1.00 5.4803(1) 7.7599(1) 5.5168(1)
SLTC15 0.98 5.4801(1) 7.7591(1) 5.5170(1)
SLTC14 0.96 5.4799(1) 7.7585(1) 5.5178(1)
SLTC13 0.94 5.4795(1) 7.7577(1) 5.5179(1)
SLTC12 0.92 5.4792(1) 7.7567(1) 5.5185(1)
Figure 14 shows the bulk conductivity of samples
SLTC09}SLTC11. These samples were of two phases at
room temperature. The average bulk conductivity activa-
tion energies were 0.25, 0.25 and 0.26 eV, respectively.
FIG. 11. Typical impedance spectra of SrTiO
�
at 3503C.



FIG. 12. The conductivity of samples SLTC01}SLTC04 at di!erent
temperatures.

FIG. 14. The conductivity of samples SLTC09}SLTC11 at di!erent
temperatures.
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Figure 15 shows the bulk conductivity of samples
SLTC12}SLTC16. They were of orthorhombic structure at
room temperature. For clear presentation, two "gures were
used. As reported, there was a phase transition between
orthorhombic phase and rhombohedral around 2603C (26)
for LaCrO

�
. This phase transition enabled a change on the

conductive behavior of the sample SLTC16 (LaCrO
�
) as

shown in Fig. 15A. The bulk conductivity activation ener-
FIG. 13. The conductivity of samples SLTC05}SLTC08 at di!erent
temperatures.
gies of the rhombohedral and the orthorhombic phase were
0.19 and 0.24 eV, respectively.
It was found that there was also such a change in the

conductive behavior for samples SLTC13}SLTC15. It was
reasonable to suppose that this change was introduced by
the phase transition between the rhombohedral and the
orthorhombic phase. With more and more Sr and Ti doped
into the LaCrO

�
, the temperature corresponding to the

change of the conductive behavior decreased. The bulk
conductivity activation energies were 0.21 eV (rhombohed-
ral) and 0.26 eV (orthorhombic), 0.23 eV (rhombohedral)
and 0.32 eV (orthorhombic), 0.21 eV (rhombohedral) and
0.30 eV (orthorhombic) for samples SLTC13}SLTC15, res-
pectively. There was no change observed for the sample
SLTC12. The activation energy was 0.21 eV. The conductiv-
ity decreased initially when doping Sr and Ti into LaCrO

�
,

then increased with the increase of dopants.

5. CONCLUSIONS

The series Sr
���

La
�
Ti

���
Cr

�
O

�
(04x41) has been

synthesized at 15003C for about 60 h. At room temperature,
there were three solid solutions: cubic solid solution
Sr

���
La

�
Ti

���
Cr

�
O

�
(04x40.168), rhombohedral solid

solution Sr
���

La
�
Ti

���
Cr

�
O

�
(0.234x40.67), and

orthorhombic solid solution Sr
���

La
�
Ti

���
Cr

�
O

�
(0.924x41). The relationship between the lattice para-
meters and the composition of the solid solutions agreed
well with Vegard's law. The volume per ABO

�
decreased



FIG. 15. The conductivity of samples SLTC12}SLTC16 at di!erent
temperatures.

FIG. 16. The comparison of the volume per ABO
�
of three solid

solutions in the series Sr
���

La
�
Ti

���
Cr

�
O

�
. C, cubic solid solution; R,

rhombohedral solid solution; and O, orthorhombic solid solution.
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with the increase of the ratio La/(La#Sr) in the samples for
the cubic and rhombohedral solid solutions, and slowly
increased for the orthorhombic solid solution, as shown in
Fig. 16.
The conductivity of this series was measured. After dop-

ing with LaCrO
�
, the conductivity of the samples increased
around room temperature. This meant that this series was
not "t for use as dielectric materials.
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