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Abstract. Two new oxides, La,Ba,Cazn,TizOy4 and Pr,Ba,CazZn,Ti{O,, have been
synthesized by the ceramic route at 1100°C. Theseoxidescrystalizein the disordered
cubic structure with an ‘a’ lattice parameter of 30728 (2) and 39448 (5) regpectively.
These oxides show high dielectric constant (70 and 57) and low | oss (0003 and 0013
at 100 kHz) for La,Ba,CazZn,Ti30,4 and Pr,Ba,CazZn,TizO4 respectively. Thedide
ctric constant is highly stable with frequency and temperature.
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1. Introduction

Complex perovskiterdlated oxides have been of great importance snce a number of
materids exhibiting a wide range of unusua properties can be synthesized based on the
perovskite dructure. These include magnetic materiads, superconductors, laser host
maerids and didectric materids® The ability of the simple perovskite structure (ABOs)
to give rise to intergrowth dructures, oxygen deficient structures and ordered perovskite
sructures are well known?® The design of new materids with copper due to the
extensve research in high Tc superconductors’™® has leed to severd new families of
complex metd oxides like LnBaCuzO7, BioCay_1X2CuOonts, TInCah_1BaCunOnim+2, ad
HgCa,_1Ba,Cu,Oon+3. Search for new copper based materids dso lead to the synthesis of
non-superconducting  oxides like GdBaTi,CbOr1,” LaBaS,Cw01:'° ec. The rae
eath-based copper titanates of the formula LnBaCaCu,TizO14 (Ln=La Nd, Sm, Eu,
Gd ec) hae been synthesised recently.!'? The sructure of these oxides can be
conceived of as the intergrowth of three TiOg octahedra and two CuOs square pyramida
layers in a repeet unit to form an ordered tetragona structure (figure 1b), except in the
caxe of lanthanum where it gives a disordered cubic dructure (figure 18). The ordered
structure can be considered to be afive-layered perovskite oxide.

Didectric oxides conditute a large proportion of materids which have largescde
technologica gpplications. There is an increesing demand on didectric materids to
surpass their present abilities to be of use in the fast changing world of eectronic devices.
Microdectronics thrives on an insttiable urge to desgn smdler and fadter devices. At the
root of dl devices lie the bulk didectric materids, on whose basic properties further
progress may be made. In memory devices based on capacitive components, such as
datic and dynamic random access memories, the datic didectric congtant of the materid
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will ultimately decide the degree of miniaturization. Hence, search for new materids with
unusuad properties is of grest importance. Most of the insulating oxide materids have
didectric congant in the range of 10-30. Ferrodectric oxides have very high didectric
congant (~10,000) but have a high didectric loss. Maerids with reasongbly high
didectric congant (>40) and low loss are rare. This has led chemigs to take up the
chdlenge to search for novel materids™2° or search for novel properties in known
maerids eg. CaClsTis010.22%° Table 1 ligs some of the maerids with high didectric
congtant (>40).

Recently, the dructurd characterizetion and didectric propeties of the oxide
Nd,Ba,CaZn, TisOr4 has been reported® by us, where the closed shell dectronic configu-
raion of ‘Zn" ingead of ‘Cu pemits for a high vaue of didectric congant in
Nd,Ba,Cazn,TizOy4. This ‘Zn’ substituted compound is related to the earlier Cu-based
family of LnpBa,CaC,TizO14.21 In this paper we report the synthesis, X-ray diffraction
sudies and the didectric propetties of two new dSmilar perovskite oxides
LaBaCaZn,TizO14 and ProBa,Cazn,TizO.4 which appear to have promisng dielectric
properties.

(B)
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Figure 1. Schematic diagram of (a) disordered perovskite structure, (b) ordered five
layer perovskite structure.
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Tablel. Oxideshaving high dielectric constant (e> 40).

Composition e D Reference
Baﬁ_3de8+2XTilgo54 (X = 2/3) 864 (GHZ) - 20
Bas 3(Nd, Biy)8,5,Ti1g0s4 (x = 23,y = 02) 1024 (GHz) - 20
CaCusTi,O1 10,286 (LkHz)  0%67 22
BalL&Ti,O1 110 (1 MHz) - 13
BaPr,Ti,Op 91 (1 MHz) - 13
BaSm,Ti4O1, 80 (1 MHz) - 13
Nd,Ba,CazZn,Tiz0y4 59 (100 kHz) 0005 24

2. Experimental

The oxides were prepared by the ceramic method. Stoichiometric amounts of La0Os and
PrsO1; (CDH, 999%) TiO, (CDH, 9909%), CaCO; (Merck, 98%%), BaCO; (Loba
Chemie, 99%) and ZnO (CDH, 99%6%) were taken. The rare earth oxides were dried a
900°C for 6h before weghing, while the other oxides and carbonates were dried a
150°C. The oxides and carbonates were thoroughly mixed in an agate mortar and |oaded
in dumina boas. The reectants were hested in an dectricd muffle furnace a 900°C for
12h and 1000°C for 24h followed by heeting & 1050°C for 40 h with two intermittent
grindings. The reulting powder was ground, mixed with PVA (polyvinyl dcohol) and
compacted into pellets a a pressure of 8 tons. The pellets were then sintered a 1100°C
for 16 h. Powder X-ray diffraction patterns were obtained after each reaction step with a
Bruker D8 Advance diffractometer with Cu-Ka radiation. A step size of 0%5 with step
time of 1s was used in the 2-theta range of 10 to 70°. The raw data was subjected to
background correction and to Kap stripping. Scanning eectron microgrgphs (SEM) were
obtained on a Cambridge Stereoscan 360 dectron microscope. The didectric  condant
was messured on pelets coated with slver usng a HP 4284 LCR meter in the
frequency range of 50 to 500kHz. Measurements of the didectric congtant and dielectric
loss was dso caried out by varying the temperature in the range of 35 to 300°C. The
densty of the sintered disks was obtained by the Archimedes method using CCls. The
disks were soaked in the organic medium for sufficiently long time and weights were
taken till a constant weight was observed. For condgtency, three different dengty
measurements were carried out for each sample. The densty was found to vary between
92 t0 94% of theoretical dengity.

3. Resultsand discussions

Powder X-ray diffraction patterns of the samples show the formation of the perovskite
phase dong with maor impurity phases a 900°C, which decressed with trestment at
higher temperatures. At 1050°C around 2-3% of ZnO remained unreected as shown by
XRD taken after the first grinding and this was eiminated with further heeting at this
temperature. After hesting a 1050°C for 40h a pure cubic phase was obtained with
latice parameter a=30728 (2) for the ‘Ld based compound (figure 2a8) and 39448 (5)
for the ‘P based oxide (figure 2b). The lettice parameters are in accordance with
expectation as the aomic radius of La is grester than that of Pr. However for the oxide
containing Pr, some amount of impurities of BaTigO13 and ZnO (around 5-6%) were
observed. Attempts were made to remove these minor phases by varying the reaction
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conditions but they were unsuccessful. Detailed dtructura characterization carried out by
us on the oxide of formula Nd,BaCaZn,TisO14,>* shows that it hes a disordered cubic
sructure  with  space group Pm3m. The copper, and lanthanum-based oxide
LaBaCaCu,TisO1s Was dso reported to have the same'® (disordered cubic) structure.
The disordered dructure of the above oxide may adso be written as (ProywBay«Cae)
(ZnoxTios)Os-q, Where the Pr, Ba and Ca occupy the A-site while Zn and Ti occupy the
B-ste of the perovskite ABOs; dructure (figure 1a). We have atempted to promote
ordering of the cations in the zinc-based complex oxides containing La, Pr and Nd having
the disordered perovskite sructure. Anneding a temperatures varying from 700 to
950°C for severd days followed by dow cooling has not yet resulted in any ordering of
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Figure 2. Powder X-ray diffraction pattern for (a) LaBa,CazZn,Ti;014 and (b)
Pr,Ba,Cazn,Tiz014.
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the cations. It may be noted that in the reported®*? copper-based oxide Nd,BaCa
Cw,TizOq4, the copper layers were made of corner-shared CuOs square-pyramidal  units.
The probability of having zinc in such a coordination would be unusud, since Zn prefers
tetrahedral or octahedra coordination. This may be an important factor in the gability of
the disordered perovskite structure, as seen in dl the Zn based compositions studied by us
till now.

Scanning dectron microgrgphs (SEM) for the compounds have been obtained from the
pellets compacted a 8 ton pressure. It is seen that the materia is highly dense (figure 3a
and b). The grans of the Labased oxide ae smdler with an average gran size of 3-
4mm and ae round in shgpe and we could see the presence of wdl-facted grain
boundaries. The Pr based oxide has large grains that are large with Szes in the range of
6-7rmm and do not possess any well-defined shape. This is probably due to the partid
medting of these grains of zinc-containing compounds a the high temperature of around
1100°C. It is dso observed from the SEM pictures that the maerids are highly dense
which corroborates values of density obtained experimentaly.

We have caried out didectric messurements of the oxides in the frequency range of
50Hz to 500 kHz. The didectric congant and the didectric loss have dso been measured
as a function of temperature from 35 to 300°C. For both the oxides, the didectric
properties have been found to be quite interesting. For the La based compound, the vaue
of the didectric congant is found to be quite high (e=70) and the dielectric loss is very

H-mamNn T =
. g i

Figure 3. Scanning electron micrographs for (a) LaBaCaZn,TizO., and (b)
Pr,Ba,CaZn,TizO..
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low (D~00034) & 100kHz a room temperature. It is dso observed from the plot of
didectric condant and didectric loss againg log frequency (figure 4) tha a room
temperature the ‘€ vdue is condant over a large range of frequencies (from 750Hz
to 500kHz) and the coefficient of the didectric congant dedF is found to be 14°
10°Hz™. The didectric loss shows a decrease with frequency upto 150kHz (0%003)
beyond which it rises sharply and has a vaue of 004 a 500kHz. This behaviour of
didectric constant and didectric loss persds a dl temperatures for which measurements
were caried out. The didectric congtant remains stable & 70 for al temperatures from 35
to 300°C (dgdT=105" 10°T) and the didectric loss increases margindly from 0003
a 35°C to 0.007 a 300°C a 100kHz (figure 5). The sharp rise in the vaue of didectric
loss & high frequencies is observed for al the temperatures studied, and this suggests the
presence of a loss pesk a a frequency close to 500 kHz. For Pr,Ba,CaZn,TisO,4 the
didectric constant has a vaue of 57 and a loss vaue of 0013 a a frequency of 100 kHz
a room temperature (figure 5). The digectric congtant is reasonably stable and there is a
margind increae with temperature and rises from 57 a 35°C to 66 a 300°C a 100 kHz
(figure 7). From the plot of didectric loss againgt temperature (figure 7), it is seen that the
vaue of didectric loss (D) remains stabletill 150°C, and then shows arisetill 300°C.

Both these compounds have shown to possess a high didectric congtant, which is
stable with frequency and temperature, and have reasonably low loss. Very few materids
have been reported to have low loss and e vaues more than 30. An important family of
oxides of the formula Bas_a(Nd, Biy)8ixTi1s0ss (X=2/3, OLYy£02) having high
didlectric constant (80-90) has been reported?® These do not show any ferrodectricity.
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Figure 4. Plot of variation of dielectric constant and dielectric loss with log
frequency at room temperature for La,Ba,CazZn,Tiz0,.
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Figure5. Plot of variation of dielectric constant and dielectric loss with temperature
for La,Ba,CazZn,Tis04, at afrequency of 100 kHz.
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Figure 6. Plot of variation of dielectric constant and dielectric loss with log
frequency at room temperature for Pr,Ba,CazZn,Tiz04.
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Figure7. Plot of variation of dielectric constant and dielectric loss with temperature
for ProBa,Cazn,Ti3zO,4 at afrequency of 100 kHz.

The LmBaCaZn,TisO4 (Ln=La Nd, Pr) obtaned by us is a new family of oxides
showing high didectric congant. The compound LaBaCaZn,TisO4 has loss vaues
aound 0003 and could be a potentid cendidate for use in the microwave region.
However the didectric loss function for the oxide Pr,BaCazZn,TizO14 shows sharp rise at
high temperatures (>200). It may be noted that the Nd,BaCaZn,TizO4 shows a
didlectric congant of 59 a 100kHz. It appears that the didectric constant is related to the
ionic radii of the rare earth (ionic radii: % >r3% >r3"). Further dudies are currently
being carried out on other rare-earth based compounds.

4. Conclusion

We have prepared two new oxides LaBa,CaZn,TisOy4 and Pr,BaCaZn,TizOq4, both of
which have cubic dructure. The Pr-based oxide contains some minor impurity phase. The
didectric congtant for the Labased oxide was found to be 70 and is highly stable with
temperature and frequency, and the didectric loss was around 0003 a 100 kHz a room
temperature. The dielectric congant for the Pr based oxide waes dso high, around 57 a
100kHz, but was more susceptible to frequency and temperature variation. For this
oxide, the didectric loss was higher (013 a room temperature) and highly temperature
dependant a higher temperatures (>200). Both these oxides merit atention for their
observed didectric properties, and need to be studied further.
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