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Typical titanium-based perovskite oxides EBa TiO; (x = 0.6-0.8), Ey_K,TiO4

(x = 0.2,0.32), and La«Na,K), 3TiO5 were synthesized by high pressure and
temperature using RB; (RE = La,Eu), TiO,, alkaline, or alkaline earth carbonates

as the starting materials. X-ray diffraction data analysis showed that there was a
structural transformation in EuBa,TiO5 by varying Ba content [i.e., from cubic

(x = 0.6,0.7) to tetragonalk(= 0.8)], and that samples EyK,TiO5; and

Lay ANa,K), 5sTiO crystallized in the cubic perovskite structuré’Eu Mosshauer
spectroscopy and electron paramagnetic resonance measurements revealed mixed
valence of EG'/EU®* in samples Ey,Ba,TiO; and Ey_K,TiO,, while Ti ions were
present in pure Ti state. Cubic Ey,K,TiO5; was metastable, which decomposed into

a mixture of perovskite and pyrochlore phases at high temperatures as accompanied by
an oxidation process from Blito EL**. For samples Lga/{(Na,K), sTiO5, Ti** signals

were clearly observed. The reduction mechanisms for Eu ions at A site and Ti ions at
B site in the perovskite oxides are discussed in terms of the chemical nature of the
framework ions and substitution ions under high pressure and temperature.

I. INTRODUCTION sures. Some interesting physical phenomena including
Mixed valence characteristics of the rare-earth andressure-induced structural transformations, pressure-

transition-metal ions in ceramic materials have been paid'duced electronic transitions, and so on have come to
more attention to due to the correlating excellent physicaldht in the compounds containing rare-earth elements

1
properties. The valence states for rare-earth and transi€-9- EU): ,
tion elements characterize the average numbéronfd For the perovskite structure ABOBO; octahedron

electron bonding with the neighboring anionic groups. InPuild up the stable skeleton, while A-site ions occupy the

fact, the valence natures are strongly influenced by thdhterstices of the skeleton. These framework ions being

structural factors (e.g., the ionic size and lattice symmeStabilized in specific valences account for the control-
try), the properties of chemical bonding, and the electror@Pl€ structures and physical properties. High pressure is
configurations of the dopants. It is well accepted that thé:ons[dered as an effective method for thg stabilization of
framework ions in the oxide materials could be stabiIizeo‘:‘:"rt"’“n_\f"Ience states. For example, by high oxygen pres-
in certain valence states by varying the experimental corsures;“ the perovskite oxides containing transition-
ditions and chemical compositions. A strong correlation™€tal ions (e.g., Cu, Fe, Cr) with the unusual valence
can be therefore expected among electronic interactionSfates have been obtained. Alternatively, some reduction

crystal structures, and external temperatures and prefeactions can also occur by stabilizing certain lower va-
lence ions under high pressure and temperatuRe-

cently, we stabilized pure trivalent dopants in ceria lattice
MAddress all correspondence to this author. at a pressure of 3.6 GPa and in a temperature range of
e-mail: guangshe@scf.che.tohoku.ac.jp 900-1000 °C. We believe that high pressure and tem-
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perature might play some significant roles in creatingwere used as the standard for the precise effective gy-

mixed valences of rare-earth and transition ions duringomeznetic (g) factor value. The factor was defined ex-

the synthetic procedure of the perovskite oxides. Howperimentally ashv/BH, where v is the microwave

ever, there are few systematic studies on the effects of thieequency,H is the magnetic fieldh is the Plank con-

dopants on the lower valence ions as stabilized by higlstant, and3 is the Bohr magneton.

pressure and temperature. The structural stabilities of the samples were studied
In this article, we report on the valence variations ofby thermal gravimetric (TG) analysis on a TG-7 thermo-

Eu ions at A site and Ti ions at B site in several typicalgravimetric analyzer at a heating rate of 10 °C min

titanium-based perovskite oxides [e.g., EBaTiO4

(x = 0.6-0.8), Ey_K,TiO;, and Lg A(Na,K), 5TiO]

with an aim to further determine the mixed valence charq; RESULTS AND DISCUSSION

acteristics of Eu and Ti ions and the structural stabilities -

of the Ti-based perovskite oxides obtained by high pres'-A‘.' Structures anql valence charac.tenstlcs of the

sure and temperature. Ti-based perovskite samples by high pressure

and temperature

Titanium-based perovskite oxides have showed sig-

Il EXPERIMENTAL PROCEDURE nificant structural transit_ions and physical prqperﬁé@
_ _ Most of the polycrystalline samples containing dopants

Chemicals EyO;, La;,0s, TiO,, BaCQ,, and MHCQ,  with quite different ionic size and valence states were
(M = Na,K) were used as the starting materials. Theyprepared by arc-melting method using3rO, or metal-
were weighed according to the nominal ratios ofjic Ti° as the starting materials. Using this method, Ar or
Eu, ,Ba, TiO; (x = 0.6-0.8), Ey_,K,TiOz other inert gases are required for stabilizing the lower
(x = 0.2,0.32), and La/Na,K), sTiO5. After thor-  yalence ions and for producing single phases.
oughly mixing, the mixtures were heated to 900 °C forg 2*Ti**0, is a typical titanium-based oxide crystalliz-
5 h at ambient pressure so as to decompose completelyg in an ideal cubic perovskite latticé.However, we
the carbonates and to initiate partial reactions. The deund that it is very difficult to introduce some ions with
composition products were detected by powder x-ray difmych larger ionic size than Bliat A site in EuTiQ
fraction (XRD) to be the mixtures of perovskite phasesjattice while keeping the single phase of perovskite struc-
and the component oxides. These mixtures were put intgyre when using the traditional high-temperature sinter-
a high-pressure chamber as shown in Ref. 7. A belt-typghg method. This may be due to the changeable valence
apparatus was used to synthesize the samples. The pregmracteristics of Eu and Ti ions and the relatively high
sure was loaded to 4.0 GPa. The temperature was thefiructural stabilities of the corresponding perovskite and
increased gradually to 900 °C. After being kept at highpyrochlore phases. In the view of the fact that high pres-
pressure and temperature for 15 min, the specimens wekgre and temperature have some advantages in producing
quenched to room temperature under high pressure. Féingle-phase samples within a very short reaction time
nally the pressure was released. and furthermore in stabilizing lower valence states with-

Powder XRD data were collected at room temperaturgyut any protection from inert gases, we prepared some
on a Rigaku 12-kW copper rotating x-ray diffractometer.typical Ti-based perovskite oxides by high pressure and

The scanning rate was 0.02° min The lattice param-  temperature and studied the mixed valences Gt fEur*
eters were determined by least-squares methods. at A site and T§"/Ti** at B site.

'*'Eu Massbauer spectra of the samples were recorded XRD patterns for samples Eu,Ba,TiOs,

at room temperature by means of an Oxford MS-500ey, K, TiO, and Lg M, sTiO5 (M = K,Na) by high
constant acceleration spectrometer. The velocity wagressure and temperature are shown in Fig. 1. Most of the
calibrated with am—Fe foil. The radiation source was intense diffraction peaks were highly symmetric. Analy-

**'Eu/SmF. The thickness of the absorber used in thesjs of the XRD data in Fig. 1(a) showed that samples
measurements was around 6—15 Eu md/cFhe experi- Eu,_BaTiO; (x = 0.6—0.8) and Ey,K,TiO5 (X =

mental Mssbauer data were fitted using superimposingy. 2 0.32) were single phases. For samples
Lorentzians. La, ANa,K), sTiO5 as shown in Fig. 1(b) traces of com-
Electron paramagnetic-resonance (EPR) spectra weigsnent oxides TiQ or La,05 were observed. Indexing
recorded on a Bruker ER200D EPR spectrometer at roorfesylts confirmed that EuBaTiO; (x = 0.6,0.7),
temperature. A frequency of approximately 9.77 GHzgy, K TiO, (x = 0.2,0.32), and the main phase product
was used for a dual-purpose cavity operation. The magof | a, (Na,K), 5TiO5 crystallized in the cubic perovskite
ne_tiC field of 0.32 mT was mOdU|ated at 100 kHz. A structures, whereas gEBaOSTIOS was determined to be
microwave power of approximately 6.5 mW was em-in a tetragonal phase, which was manifested by the dis-
ployed. Reference signals of Fhions in MgO crystals tinct splitiing of the peak at a@of approximately 45°.
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The lattice parameters for the samples are listed ifiormer case was closely related to the mixed valence of
Table I. It is interesting that the lattice parameters for theEU**/EL®* in the lattice, as confirmed by the following
samples seemed to be unaffected by Ba content. For elePR measurements. Substitution of Eu by Ba at A site

amples, the lattice parameters for EBa,TiO4

could lead to an expansion of the perovskite lattice of

(x = 0.6,0.7) were near the same within the experimentaku, ,Ba, TiO5; however, Ti ions remained at B site as
error (i.e.,a = 0.396 nm), which was slightly larger than pure T, therefore the appearance ofions in lattice

that @ = 0.391 nm) for the parent EuTi3* The latter

probably resulted in a net positive charge on the octahe-

case could be explained in terms of the larger ionic sizelral layers by producing (i) cation vacancies at A site,

of Ba?* than that of EG" or EW?*; alternatively the
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which accounted for the lattice constraint, and (ii) inter-
stitial oxygen species, which slightly increased the lattice
volume and lattice distortion. As a consequence, the
lattice parameters for samples EBa TiO; remained
near the same. Similar results have been found in
samples Ey_,K,TiO; (x = 0.2,0.32). But for
Lag ANa,K), 5TiO5, the similar lattice parameter was
probably associated with the mixed valence of Ti**
at B site, which was confirmed by the following EPR
measurements.

For cubic Ey_BaTiO; (x = 0.6,0.7), Ey_K,TiO4
(x = 0.2,0.32), and LaK, 5TiO5, no superstructure dif-
fraction peaks were observed by scaling up the XRD
patterns in Fig. 1. This gave an indication that there were
no obvious tilting TiQ octahedra in the lattice. For
La, Na, sTiO5, however a very weak superstructure
peak (3/2, 1/2, 1/2) at a62of approximately 38° was
observed, which was due to the tilting T{®@ctahedra
arrangements in perovskite lattice. A review arttélen
the structure of ABQ perovskite oxides concluded that
such superstructure peaks are associated with the tilting
BOg octahedra in the cubic perovskite structures. We
have found similar results in several Ti-based perovskite
Ba,,,Nd, ,TiOg.*3

The mixed valence of EU/EW®* was examined by
Mossbauer spectroscopy>'Eu Mossbauer spectra for
cubic Eu_BaTiO; (x = 0.6,0.7) and Ey K,TiOg
(x = 0.2,0.32) measured at room temperature were
shown in Fig. 2. The experimental data for,EBa, sTiO5
and Ey_K,TiO; (x = 0.2,0.32) were composed of two
absorption lines, which indicated that in these samples
Eu ions were present in mixed valence ofHEW". The
absorption peak with isomer shift (I1S) of approximately
0 mm/s was ascribed to Bl while that with IS of ap-
proximately —13 mm/s was associated with?EuThe

TABLE I. Lattice parameters for the samples obtained by high pres-
sure and temperature.

Sample a (nm) ¢ (nm) Vo (nnt)

: - El, ,Ba, ¢TiO5 0.398 (3) 0.400 (6) 0.0635

20 30 40 50 60 El, B3, ,TiO5 0.397 (4) 0.0629
(b) 26/° Ely B2, ¢TiO5 0.396 (1) 0.0628
_ Ely &Ko 5TiO4 0.389 (3) 0.0590

FIG. 1. XRD patterns for (a) Eu,Ba,TiO; (x = 0.6-0.8), gy K, .TiO, 0.389 (8) 0.0592
Eu,_K,TiO; (x = 0.2,0.32) and (b) LaANa,K), sTiO5 synthesized La0'7Nao'3TiO3 0.388 (9) 0.0584
by high pressure and temperature. Circles and asterisks denote thg_ k _Tio, 0.391 (5) 0.0598

diffraction peaks for components @, and TiO,, respectively.
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difference of approximately 13 min/s between IS valuesvidths were more broadened in comparison with that of
for E®* and E* could be interpreted in terms of the the natural single lines. These facts confirmed the pres-
fact that EG* ions have a larger shielding effect of’4 ence of an unresolved quadrupole interaction. The ex-
electrons on the orbital in comparison with Eti ions  perimental data were all well fitted by twelve transition
(4°). *>*Eu Mossbauer spectra shown in Fig. 2 exhibitedlines!* and the hyperfine parameters are given in
slightly asymmetric broad single lines, and the halfTable Il. For sample Ey,Ba, ,TiO4, only the absorption
line with IS of approximately —13 mm/s was observed,
while the absorption with IS of approximately 0 mm/s

oo . . ; was not clear. This may be due to the presence of traces
Jogs ORI (R TN of Eu** ions in the sample. For EuBa, ¢TiO5, the ab-
cr 5T : ] X sorption peak associated with Ewas slightly increased
96 Eu, Ba, TiO, " in intensity, whereas both EwK, ,TiO5; and

Eu, 6K 321105 exhibited the strong absorption associ-

931 ated with EG". From the relative intensities of the sub-
ool v spectra associated with Euand Ed&", it can be
. concluded that the percentage of *Euncreased in a
et o -:—_.;.’..‘.":., sequence of EgsBa, ;TiO5, Euy 4,Ba, ¢TiO5,
N 98t ot } Euy 6K 327105, and Ey K, oTiO5. Considering the
P : } starting Ey®*O,, it is clear that large amounts of Eu
g Eu  Ba TiO, . . . .
g o6l Gy ions were reduqed du_rmg the formation of perovskl_te
g e oxides doped with barium more than those doped with
g - potassium. In other words, Eu ions at A site probably
S 100 ke e el have a strong tendency to be in mixed valence in perov-
2 skite lattice with dopants of potassium ions.
§ og| £ K, TiO, Previous studié$*®have shown that Eu ions are usu-

ally in an intermediate valence state for some interme-
tallic compounds, in which Eu ions occupy equivalent
crystallographic sites; with decreasing temperature, the
. corresponding®'Eu Mssbauer spectra can be fitted us-
100 ggde=r TR, . ing two single lines associated with Euand E&*. At
room temperature, however, both lines collapse into one
single line with IS values intermediated between those of
Ew*" and EG* lines. A typical example is that the IS
value for EyP, measured at room temperature is
04l b, -10 mm/s; however, when temperature is decreased be-
. . , , i low 100 K, two lines with IS values equal to 0.0 and
-20 -10 0 10 20 -10.6 mm/s are observed. Such a phenomenon has been
Velocity / mm/s named as valence fluctuatioh For our samples crystal-
FIG. 2. 15%Eu Mossbauer spectra for EyBa,TiO, (x = 0.6,0.7)and  1iZiNg in the perovskite structures, Eu ions probably oc-
Eu, K,TiO; (x = 0.2,0.32). Both peaks at around —-13 and 0 mm/scupied the equivalent crystallographic sites. However,
were associated with Etiand EG”, respectively. two absorptions associated with£wand Ed* were well

96+
94+
98+

Eu, K, . TiO,

0.68 0.32

96+

TABLE II. Hyperfine parameters for the samples obtained by high pressure and temperature.

IS (mm/s) QS (mm/s) FWHM (mm/3) n 1 (%)
Euy ;Bay /TiO; Eu(ll) -13.14 +0.08 -78 £13 1.38+0.06 0.95+0.23 100 £5
Euy ,Bag ¢TiO5 Eu(lll) —-0.08 +£0.04 -5.63+0.08 1.02 £0.03 0.75+0.16 17+3
Eu(ll) -12.99 +0.04 -55 0.8 1.38+0.03 0.73+0.17 83+2
Eup Ko oTiO5 Eu(lll) -0.06 +0.02 -57 +04 1.06 +0.02 0.63+0.13 50+3
Eu(ll) -13.08 £ 0.02 -5.8 £0.3 1.52+0.01 0.84 +0.06 50+2
Elp 6K o.55TiO5 Eu(ll) -0.07 +0.03 -51 +0.4 1.04 +0.02 0.96 +0.08 45+3
Eu(ll) —13.04 £ 0.02 -5.7 £0.3 1.51+£0.01 0.84 £0.05 55+2
Product Per. -0.04 +0.04 -6.8 +0.5 0.93+£0.02 0.75+0.12 44+3
Pyr. 0.56 +£0.03 -235 +0.3 1.21+0.01 0.34 £0.02 56+2

2Full width half-maximum.

PProduct was obtained by sintering the sample &, 5,TiO5 at 750 °C for 1 h. Per. denotes perovskite phase and Pyr. the pyrochlore phase in the
decomposition product.
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distinguished at room temperature, which could not beated with TF* was observed at g 1.932%2*Therefore
assigned to the valence fluctuation. The IS value fot'Eu Ti ions were present as “Tiin these samples. The peak-
ions in our samples was smaller than —13 mm/s, whicho-peak linewidth for Ey K, TiO5; (x = 0.2,0.32) was
confirmed that the E{f—-O bonds were predominantly much more broadened than that of [EBa, gTiOs. It
ionic. Similar phenomena have been found in other Eushould be mentioned that many factors such as dipole—
containing oxides, such as BtO, and EyV,0,.’ dipole interaction, isotropic exchange, and fine structure

The Hamiltonian representing the interaction of a
nucleus with spinI) and quadrupole momenQj at
principal of electric-field gradient (EFGY,,is described
as follows:

H = [eQ\V,/41(2 - 1)][3I, - I(I + 1)
+m(.2+1.32] 1)

wherer is an asymmetric parameter. The fitting of the
experimental data in Fig. 2 showed a negative quadru-
pole interaction. For the rare-earth elements, there are
three contributions t&/,,; the first-order 4 contribution,

the lattice contribution, and the second-ordércdntri-
bution. Because Eiiions have a ground state &%, the
main contribution td/,,should come from the latter two.
For Eu*, the ground state i8S,,,; therefore, only the
lattice contribution is appreciable. It should be mentioned
that for the oxides containing Eu, the lattice contribution
is usually negative. We may deduce from these facts that Eu, K ,TiO,
the lattice contribution to the EFG was larger than the

second-order {4 The largest absolute value of the qua-
drupole splitting (QS) of Efi was 7.8 mm/s for our

Intensity / arb. unit

perovskite samples, which was smaller than that ob- 1000 2000 3000 4000 5000 6000
served for EwO0,,*" Eu,TiO,, and EyTi,O,.*® This

result showed that QS was strongly dependent on the (@) H / Gauss

crystal structure. As mentioned above, the compound

EuTiO; crystallizes in the ideal cubic perovskite struc- 2003

£=1.943

However, for our samples Eu,Ba, TiO; and
Eu, K,TiO;, the dopants (Ba or K) and host Eu ions
may be distributed disorderly at A site. The positive
charge centers around Eithus formed probably lead to FayK4,TIO;
the lattice distortion within a small scale due to the for-
mation of interstitial oxygen species and cationic vacan-
cies at A site. The symmetry around axis was thus
deformed. Furthermore, nonzerownas expected. This is
clearly different from that case in the parent cubic
EuTiO,. For EwVO,, Eu,TiO,, and EyTi,O,, EL#*ions
are in an asymmetrical distribution around axis, showing
a larger QS. For Elf in our samples, the value of QS
was near the same as that reported for other perovskite
phases, such as EUM@M = Cr, Mn, Fe, Co, Sc}?
Eu, R, Fe0; (R = La, Pr, Sm, Gd, Tb, Dy, Ho, Er, Tm,
YD, Lu),*® and EuFg M, 05 (M = Sc, Cr, Mn, Co}*
Figure 3(a) shows the room temperature EPR spectra , , , , ,
for samples Ey ,Ba, gTiO; and Eu_,K,TiO4 2500 3000 3500 4000 4500
(x = 0.2,0.32). Only one broad signal was observed at (b) H/ Gauss

g = 2.00 for these samples. This signal was assigned tp|g. 3. EPR spectra of (a) EuBa, oTiO5 and Ey_K,TiO,
Ew?* and cationic vacancies at A site. No signal associ{x = 0.2,0.32) and (b) Lg(Na,K), 5TiO%.

ture, in which the unit cell is symmetrical around axis. J

(

By

Relative Intensity / arb. unit

Lz<1ol7Nao_3TiO3
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affect the linewidth of the EPR signal.The dipole- standard reduction potential for Blito Eu?*
dipole interactions could result in resonance line broadis —0.36 eV, whereas that for ti to Ti®* is
ening, while isotropic exchange causes narrowing of the-0.055 eV in solution according to the reaction
signals?® The linewidths for our samples were deter- TIOH** +H" + e = Ti®*" + H,0.2® In another words,
mined by the dipole—dipole interactions. For Ti®*"ions can be readily obtained in solution, whileEu
Euw, -Ba, gTiO5 and Ey_ K, TiO; (x = 0.2,0.32), the dif- can be stabilized by reduction of Euduring high pres-
ferences of the effective charge and ionic size of thesure and temperature.

A-site ions and the local lattice distortion would lead to

the presence of an enhanced dipole—dipole interactiog . stryctural stabilities and thermal behaviors

between E&" ions. The larger distance between the di-of g, LK, TiO,

polars as reflected by the slightly larger cell volume

shown in Table I) for the samples doped with Ba than
( ) p P sample Ey ¢4, 321105 measured in air. A weight gain

that doped with K accounted for the narrowing of the ; .
resonance line in Fig. 3(a). _of approximately 1.4% was observed in a temperature

We also investigated the effects of the monovalencifl‘terval of 550740 °C. To investigate the influence of
substitutions at the presence of stable trivalence'€at reatment on the structure of FKo 321105, the

rare-earth ions at A site on the valence states of Ti ion&RD pattern for the product obtained by sintering

at B site under high pressure and temperature=%.6d<032l10s at 750 °C for 1h was measured. As

La, ANa,K), sTiO5 was selected as the typical samplesShown i_n Fig. 5, the sintered product was a mixture of
where L&" ions have a rather high valence stability at A Perovskite and pyrochlore phases. According to the as-

site. From Fig. 3(b), it is clear that the EPR data forSignments of the XRD data in Fig. 5, the decomposition

Lag (Na,K), sTiO5 exhibited two strong signals within process could be described in the following path.
the magnetic field of 480-6480 G. The narrower signal - ;

showeal a g factor of 2.003, and the g factor for the Elo.6d0.22T105 - Sgﬁg%;ﬁ?g'% @)
broader signal was 1.943. On the basis of previous EPR ' 2=

studies on BaTiQand doped BaTiQ***"the EPR data From this path, the theoretical weight gain is approxi-
in Fig. 3(b) can be well assigned. The signal of approxi-mately 1.36%, in good agreement with our experimental
mately g = 2.00 was due to the barium vacancies at Aresult (approximately 1.4%). Therefore, the decomposi-
site, whereas the signal of approximately=g1.96 was tjon for El, 6K o 55TiO5 Was accompanied by an oxida-
associated with Pi" ions at B site. Therefore, it can be tjgn process from E&f to EW.

concluded that LaANa,K), sTiO; possessed cationic va-  S1gy Moassbhauer spectrum for the decomposition
cancies at A site and i at B site. The vacancies at A product of Ei ¢dKo 55TiO5 is shown in Fig. 6. The ex-
site may be caused by loss of Nand K" ions during the  perimental data exhibited a very broad asymmetry line,
experimental procedure. Considering the startiff03  which was associated with Bl Fitting the experimental
and the presence of Tiions in Lg ANa,K)y 5TiOs, itis  data showed that Eti ions occupied at two lattice
reasonable that T ions were partially reduced under sjtes. Their isomer shift values were —0.04 and 0.56 mms,

high pressure and temperature. This is different from thagnd quadrupole splitting values were -6.8 and
case in Ey K, TiO, in which Ti** ions have a relatively

high stability.

From the above, it is clear that “Tiions exhibited
different stabilities during the synthesis of Ti-based 104 1
perovskite oxides by high pressure and temperature. For
La; (Na,K),TiOg, charge compensation resulted by thee
substitution of lower valence ions {Kor Na") can be
achieved by the valence from reductiorf‘Tio Ti** ions
and cationic vacancies at A site. That is to say, Tiions a
B site in La_(Na,K),TiO5 could be present in mixed
valence of T¥*/Ti**. However, Ed" ions at A site might
be readily reduced by the synthesis of ,E8a,TiO,

(x = 0.6-0.8) and Ey, K, TiO5 (x = 0.2,0.32), in which
the valence state of Ti ions remained constant 4% dti 9% e . e
B site. The different valence stabilities were probably 200 400 600 800 1000
related to the ionic sizes and charges of the dopants o
in the perovskite framework, but also to the atomic Temperature / C
configuration of Eu and Ti ions. This is because the FIG. 4. TG curve for sample BgKo 32TiIO5 measured in air.

Figure 4 shows the TG curve for a typical cubic

102 +

100

Relative Weight /
\O
o0
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-23.5 mm/s, respectively. It is well known that both RE bution of Eu and K ions at A site in the cubic perovskite
sites and Ti sites in cubic pyrochlores RE,O, (where lattice. If the difference of recoil factors of Eu ions in
RE is a rare earth) have the threefold rotational symmeperovskite and pyrochlore oxides was neglected, the
try. The EFGs at RE sites in BE O, are the largest in numbers of Eu ions in both oxides should be in direct
all rare-earth-containing compoun#fs A quadrupole proportion to the area ratio of two components. From
splitting of —21.33 mm/s is reported for ELi,O, in Ref.  Table Il, it can be seen that the percentage of Eu ions in
30. Therefore, the component with the large absolutéhe perovskite and pyrochlore phase reached 44 and 56%,
value of quadrupole splitting could be assigned t6'Bn  respectively, which was in good agreement with the theo-
Eu,Ti,O, and the other one to Biiin Eu, K, :TiOs.  retical value of 47 and 53% from our proposed decom-
Similar to the above discussion on Ei#,,TiO; and  position process in Eq. (2).
Euy 6Ko 321105, the nonzero quadrupole splitting for
Eu, Ky sTIO5 was closely related to the random distri-
IV. CONCLUSIONS
The mixed valence characteristics and structural sta-
+ pyvochlore biIitigs of the typical titanium perovskite oxide_s obtained
. ¥ perovskite by high pressure and temperature were studied. The fol-
lowing conclusions were obtained from the present
study.

(i) With increasing Ba content, EuBa,TiO; under-
went a phase transformation from cubic<€ 0.6,0.7) to
N tetragonal X = 0.8).

(i) Eu ions at A site in titanium-based perovskite lat-
tice exhibited a mixed valence of EUEL®", whereas Ti
ions were present in pure Tiat B site.

(i) When A site ions contained stable £ Ti ions at
B site showed a mixed valence of*TATi**

(iv) Cubic Euy, Ko 3,TiIO53 was metastable. At
20 /° 750 °C, it decomposed into a mixture of perovskite and

pyrochlore phases accompanied by an oxidation process
FIG. 5. XRD pattern for the decomposition product of from EW* to EF™.
Eug 6d0 321105 at 750 °C for 1 h. Asterisks and crosses denote the

perovskite and pyrochlore phases, respectively.

Intensity / arb. unit

20 30
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