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Abstract

Structural phase transition of BaBj@vas investigated by using thermal analyses such as dilatometry, differential scanning calorimetry
(DSC) and quantitative differential thermal analysis (DTA). First order phase transition, corresponding to so far reported structural one from
monoclinic- to rhombohedral-distorted perovskite, was detected atC166th in thermal expansion and DSC for the first time. Two kinds of
phase transitions were also detected for the first time at 520 arid8&ih dilatometry and quantitative DTA, respectively. High-temperature
X-ray diffraction measurement revealed that crystal structure more thai©828s face centered cubic perovskite with ordered arrangement
of Bi®* and BP*. In 520-620C, X-ray diffraction peaks which indicated existence of superstructure were observed, which had been already
proposed by electron diffraction measurement.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Thus, it is concluded that crystal structure of BaBi&)-
fects electrical conduction behavior and that the electrical
BaBiOs; attracts much interest as a mother phase of property might be controlled by variation of crystal structure.
superconducting oxides, such as BaBBixO3 [1] and One of the probable methods to control the crystal structure is

Ba; _xKyBiO3 [2]. Since formal valence of Bi in BaBigis partial cation substitution. Hashimoto et al. insisted that CDW

4+, i.e., electronic configuration of Biis §snetallic conduc- gap was collapsed and large amount of conduction electron
tion behavior could be expected. However, semiconducting was generated by structural variation from monoclinic to or-

electric conduction has been reported in Bai®-5]. It thorhombic or cubic, containing single Bi site, with partial

has been reported that this contradiction could be explainedsubstitution of Pb for Bi or K for Ba sitgo].
from a viewpoint of crystal structure. Cox and Sleight car- Another probable method for control of crystal structure
ried out neutron diffraction measurement and concluded thatis utilization of phase transition by temperature. However,
crystal structure of BaBi@gwas monoclinic-distorted per-  variation of crystal structure of BaBidhas not been un-
ovskite with two kinds of Bi site, i.e., “Bi*” and “Bi®*” [6]. derstood enough. So far, temperature dependence of crystal
They attributed semiconducting temperature dependence ofstructure of BaBi@ has been investigated by neutron diffrac-
electrical conductivity to generation of energy gap due to this tion measurement. Cox and Sleight reported that the crystal
charge disproportion, so-called charge density wave (CDW). structure of BaBi@ changed from monoclinic distorted per-
ovskite to rhombohedral one at about 8and that the
mpondmg author. Tel.: +81 3 3329 11515516 rhombohedral one varigd to ideal cubic_ perovskite at about
fax: +81 35317 9432, 470°C [7]. However, their proposed cubic structure showed
E-mail addresstakuya@chs.nihon-u.ac.jp (T. Hashimoto). contradiction with semiconducting property of BaBifore
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than470C. Peietal. carried out neutron diffraction measure-  Crystal structures at various temperatures were estimated
ment with high sensitivity and concluded that crystal struc- with high-temperature X-ray diffraction apparatus (Cu Ka,
ture of BaBiGy more than 600C was cubic with alternative 50 kV, 250 mA; Rigaku Co. Ltd.: RINT-2500). The measure-
three-dimensional arrangements of large 8i&tahedron ment was performed both in heating and cooling procedure
and small one, which resulted in as twice lattice constant at temperature range of 30—730D.
as ideal cubic perovskite ori8]. Their proposed structure
showed agreement with semiconducting electrical conduc-
tion behavior, however, phase transition temperature from 3. Results and discussion
monoclinic to cubic was not clarified.

Forthe measurement of phase transition temperature, ther3.1. Thermal analyses of BaBiO
mal analyses such as dilatomentry, differential thermal anal-
ysis (DTA) and differential scanning calorimetry (DSC) are  Fig. 1 shows the results of thermal expansion, expansion
more appropriate than diffraction measurement since they arecoefficient calculated from the thermal expansion, quantita-
carried out with continuous temperature variation. However, tive DTA and DSC measured at heating procedure. ArT50
results of thermal analyses of BaBj@ave not beenreported  peak corresponding to abrupt increase of volume (AV) and
except DTAwork by Cox and Sleigfit], inwhichDTAcurve  endothermic one were observed in expansion coefficient and

was not described. _ _ - DSC, respectively. The temperature of these peaks showed
In this study, we have succeeded in detection of three kindsagreement with so far reported structural phase transition
of phase transition in BaBigat 160, 520 and 620C with from monoclinic-distorted to rhombohedral-dostorted per-

thermal analyses for the first time. Each phase was analyzedyskite[7], which will be also reported in the next section.
by high-temperature X-ray diffraction measurement. In par- Variation of enthalpyAH, calculated from the peak area in
ticular, it was revealed that crystal structure of BaBiae- DSC curve was about 25 J/mol, which was about one or-
tween 520-620C was perovskite with superstructure, which - der smaller than that of similar structural phase transition of
had been also proposed by electron diffraction measuremeni aGaQ; [10] or LaCrQ; [11]. We suspect that thaH is so
[9l. small that the endothermic peak could not be detected by our
quantitative DTA with lower sensitivity and that detection of
the phase transition in BaBgvith DSC or DTA measure-
2. Experimental ment has not been reported so far.
In curves of expansion coefficient, base-line shift was ob-
BaBiOs ceramic specimen was prepared by solid state re- served at 520C. The shift indicates existence of second or-
action method. The nominal composition of powdery BaCO  der phase transition. It was suspected that variation of specific
(Furuuchi Kagaku, 99.9%) and #D3 (Furuuchi Kagaku,  heat,AC,, at 520°C was too small to observe the transition
99.9%) was mixed in ethanol with AD3 mortar. The ob- in quantitative DTA.
tained mixture was calcined in air at 720 for 8 h followed Another phase transition was observed at 826 quan-

by pressing into disc shape pellet. The disc was sintered attitative DTA curve; however, anomaly was not detected in
800°C for 18 h followed by cooling at a rate of 20Q/h in

air. The sample was confirmed to be a single phase mon-
oclinic distorted perovskite wita=6.1884, b=6.141A, T o T L 12
c=8.675A and =90.16 by X-ray diffraction measure- ‘ L ]
ment, showing agreement with preceding st{&ly The ap-
parent sintering density calculated from weight and volume
of the specimen was more than 90%.

Phase transition behavior in air was analyzed with
dilatometry (Rigaku Co. Ltd.: TMA8310), DSC (Rigaku Co.
Ltd.: DSC8230) and quantitative DTA (Rigaku Co. Ltd.:
DSC8270). Dilatometry was carried out using the cylindri-
cal specimen with 4 mm diameter and 15 mm height.,SiO I150W/mol ¢
was employed for material of reference, stage and push rod.

The measurement was carried out both in heating and cool- ) DSC

ing procedure with rate of 10C/min at temperature range 1608 t
from 25-750°C. DSC was performed at temperatures from ISW/”‘°' ¢
25 to 500°C using 20 mg of powdery BaBifsealed in Al e
pan. Quantitative DTA was measured for 20 mg of powdery
specimen set in Pt pan. The measurement temperature was

25-800°C. In both m(_easurementg,jog was emplgyed aS  Fig. 1. Results of thermal analyses of BaBi®hase transition temperature
a reference and heating and cooling rate wa3Clfin. proposed in this study was depicted by dotted line on upper axis.
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expansion coefficient at the temperature. This suggested thatn Fig. 2(c). These observed crystal symmetry agreed well
variation of expansion coefficient at 620 was less than  with preceding studieg,8].
1.0x 10-6K~1 that was detection limit of the dilatometry. At 700°C, where phase IV was stable, peak splitting was
The characteristics of the phase transition at 82vill be not observed neither in 7420<77 nor 8% <2§<91° and
discussed in Sectiod. 3. all the diffraction peaks could be indexed as cubic with lat-
Thermal analyses carried out in this study indicated that tice constant of 23 wherea, was lattice constant of ideal
there were four phases in BaBj@denoted as -1V irFig. 1. cubic perovskite, indicating that crystal symmetry of phase
So far, it has been reported that crystal system of BgBiO [V was cubic as Pei et al. reportgd]. At 600°C, single
changed from monoclinic to rhombohedral at 28]7] and peak was detected in 2&nge of both 74—77and 89-91,
from rhombohedral to cubic at 47C [7] or 600°C [8]. however, diffraction peaks which could not be identified by
However, our results indicated existence of phase other thancubic symmetry was observed as arrows$-ig. 2(c). It can
monoclinic, rhombohedral nor cubic one, depicted as Il in be concluded that the crystal symmetry of BaB#» 600°C
Fig. 1. Analysis of crystal structure by high-temperature X- differ from that at 700C, showing agreement with the result

ray diffraction was carried out and the results were presentedof thermal analyses.

in the following section.

3.2. X-ray diffraction measurement of BaBi&@ high
temperatures

In order to clarify the crystal structure of each phase in
BaBiOs, X-ray diffraction patterns were measured at 30, 200,
600 and 700C in a series. After 1h interval since the temper-
ature reached to the measurement level, the diffraction mea-
surement was performe#ig. 2 shows the results. In order
to identify the crystal symmetry, not only diffraction patterns
depicted inFig. 2(c) but also splitting of the particular peaks
shown inFig. 2(a) and (b) were analyzed.

Triplet peaks and doublet ones were observed iragge
of 74-77 and 89-91 at 30°C, respectively, suggesting that
crystal structure of phase | was monoclinic. Monoclinic sym-
metry of phase | could be confirmed since all peaks in the
diffraction pattern depicted ifrig. 2(c) could successfully
indexed as monoclinic symmetry.

Inthe diffraction pattern of phase I, i.e. BaBi@t 200°C,
doublet peaks was observed in 2#hge of 74—77, how-
ever, peak splitting was not detected inrafige of 89—91
This suggested rhombohedral symmetry, which was also con-
firmed from identification of all the diffraction peaks depicted
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Fig. 2. X-raydiffraction peaks of BaBigat various temperaturesin Eghge
of (a) 74-77 and (b) 89-91 Whole diffraction patterns were shown in (c).
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Diffraction peaks and patterns were indexed as monoclinic, rhombohedral Fig. 3. Results of (a) quantitative DTA, (b) DSC and (c) expansion coefficient

and cubic witha=2a, at 30, 600 and 700C, respectively. Arrows indicate  of BaBiOz at heating and cooling procedure. Temperature scanning rate was
diffraction peaks which could not be indexed as cubic symmetry. 10°C/min.
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3.3. Characteristics of phase lll—new phase in BaBiO .
.(‘%
o
Fig. 3shows the results of (a) quantitative DTA, (b) DSC %’
and (c) expansion coefficient measured at both heating and =
cooling procedure. It was confirmed that phase transition ; .
between monoclinic phase (phase 1) and rhombohedral one 20 30 40 50

(phase Il) was reversible at scanning rate of €min since 26 /deg.[CuK o]
both DSC signal and peak of eXp?'nSion Coeﬁ.iCiem at about Fig. 5. X-ray diffraction patterns of BaBiJat 30°C depicted irFig. 4(a).
160°C were 'olbserved in both heating anc_j COO"”9 procedure. The peaks represented by arrows could be indexed assuming superstructure
Phase transition between Ill and IV was irreversible at a rate yith a=~4a, (~17.344).
of 10°C/min since signal at 62C observed in quantitative
DTA at heating procedure disappeared at cooling process. It was concluded that phase Ill has not been reported so
This suggested that transition from phase 11l to phase IV was far although it could be remained to room temperature since
first order and that phase Ill could not be generated during Slow cooling, which was not employed for ordinary prepara-
this cooling process. Therefore, variation of expansion coef- tion process, was necessary to remain phase Il to room tem-
ficient at 540°C during cooling procedure could be identified perature. Chaillout and Remeika reported that BaBiith
as transition from phase IV to phase Il, whereas thatat620  ~4& (17.34A) superstructure was occasionally observed by
during heating procedure as transition from phase Il to phase€lectron diffraction[9]. Fig. 5 shows X-ray diffraction pat-
M. tern depicted irrig. 4(a) at 30C. Peaks indicated by arrows
Fig. 4(a) shows X-ray diffraction patterns of BaBj@t in Fig. 4(a) could be indexed assuming superstructure with
various temperatures. At first, X-ray diffraction measure- ~4a. Therefore, we suspectthat phase Il is cubic perovskite
ment was performed at 75@ and phase 1V was confirmed. with some Superstructure as was already reported by electron
Then temperature was decreased to 850After 1 h inter-  diffraction [9].
val, diffraction pattern was recorded and peaks corresponding
to the phase Ill were observed. Similarly, X-ray diffraction
measurement was carried out at 200 and@0From X-ray
diffra_ction patterns thus obtain_ed,_ it was revealed that phase Thermal analyses revealed that there are three kinds of
Il existed even at 200 and 3C, indicating that phase Il did phase transition in BaBi§ First order structural phase
not decompose at temperatures lower thanZ®Phase Il 4nsition with AH of about 25J/mol was observed at
transformed to phase IV at 73Q as Fig. 4(b) shows. From  160:c The second order one and another first order
the discussion on quantitative DTA depictedriy. 3(a), it _ one were observed at 520 and 620 respectively. At
was suspected that phase Il could not generate at cooling; oo monoclinic-distorted perovskite structure varied to
rate of 10°C/min. Fig. 4(b) shows the X-ray diffraction pat- o mpohedral-distorted one. At more than 620diffraction
terns of BaBiQ at 200 and 30C. The measured sample was  hatemm of BaBiQ could be explained as cubic with lattice
cooled from 750C at a cooling rate of 1m/m|n: No peak constant of 2 The crystal system of BaBigat 520-620C
corresponding to phase Ill was observed, showing correspon-y 55 regarded as cubic with some superstructures. This phase
dence with quantitative DTA shown Fig. 3(a). could be remained to room temperature by slow cooling dur-
ing the temperature between 520 and 620

4. Conclusion
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