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Abstract

Phase transition of BaN¥n,O; from orthorhombic (space groupnmm) to tetragonal phasé4/mmm) was studied by high temperature
powder X-ray diffractometry and Rietveld analysis. The transition temperature was identified at 523 K, which is almost the same transition
temperature as the compounds with other rare earth ions in this,Bhi,@; family (Ln=Sm and Eu) withFmmm space group. During the
transition an oxygen octahedron of each phase changes a little its form, in which four oxygen atoms perpendiadiamake a rectangle
and a square for orthorhombic and tetragonal phases, respectively. Manganese ion is not on the center of the quadrilateral consisting of the
four oxygen ions, but a little apart from the center alerais in both phases.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction second one splits into double peaks with the lattice parame-
tersao = bo = v/2a; andco = c¢t, Whereao, bo andc, are the
Layered perovskites BakMn,O; (Ln=lanthanide) lattice constants in the orthorhombic phase anaindc; are
which belong to a Ruddlesden—Popper-type homologousthose in the fundamental tetragonal phase. On the other hand,
series AQ(ABO3), with n=2 [1] were synthesized by the reverted situation occurs in another type of orthorhom-
Deschizeaux-Cheruy and Joubgi for various rare earths.  bic compound for Ln=Gd and Tb with the lattice parameters
According to their results, these compounds fundamentally aq = bo = at andco = ct.
crystallize into a body centered tetragonal structure with the  Each orthorhombic phase for Ln=Sm, Eu, Gd and
Sr3TioO7-type for Ln = Pr—Gd but there is another phase with Tb has phase transition to tetragonal one at high tem-
an orthorhombic distortion for Ln=Nd, Sm and Eu when perature which are characterized by several experimental
these compounds were prepared indtmosphere. The exis-  results[3,6—16] About BaN@Mn,O7 with the former dis-
tence of another type of orthorhombic phase for Ln43]b tortion, the detailed crystal structure witfimmm of the
and Gd[4] are known. A clear difference between these two space group was studied by the present autfibf§ but
orthorhombic phases is seen in the X-ray powder diffraction no information on the phase transition has been reported.
patterng5]. For example, the main peak is a single peak in This is because it is rather difficult to synthesize a sin-
an orthorhombic compound for Ln=Eu, Sm or Nd and the gle phase of these distorted phases, especially orthorhombic
BaNdMn,0Oy7, since formation of these phases depends upon
_— various synthetic conditions such as atmospheric oxygen
* Co_rresponding a_uthor. Present add(ess: Key La_boratory pf Rare_Earth partial pressure during the heating, cooling rate after prepa-
X:;gzr;yoafnsdcl;?cseﬁ,sbigigiﬁtﬁlnllgggtzuzt?g;zAgr?ilr:? Chemistry, Chinese ration and other factors. This paper describes the results of
Tel.: +86 431 5262030; fax: +86 431 5698041. high temperature X-ray diffractometry to observe the phase
E-mail address: jmeng@ns.ciac.jl.cn (J. Meng). transition.
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2. Experimental Table 1
Crystallographic data of BaN#in,Oy at various temperatures
A polycrystalline  specimen of  orthorhombic rt (Fmmm) 473 Fmmm) 523 (4lmmm) 773 (Almmm)
BaN&bMnoO; was prepared by the solid state reaction a4 (nm) 0.5486(5)  0.5513(1) 0.3899(0) 0.3903(4)
method from the starting materials of Mo, BaCQ; and b (nm) 0.5506(3)  0.5514(9) - -
Mn,Os. BaCQ and MOz were used after necessary C(”’;‘])g 2.0586(7) ~ 2.0610(2)  2.0610(3)  2.0603(1)
pretreatment to adjust stoichiometfiL7]. Mixtures of X(” (%)) 1%'6127193 12'25664 13? '233322 1%3318393
BaCQs, Nd,O3 and Mn,O3 were pressed into pellet, heated R:’Z%) 707 706 706 706
at 1423K for 24 h and subsequently at 1623 K for 72h in g, (%) 12.28 10.51 10.53 10.31
a purified Ar atmosphere, and then very slowly cooled to Ri (%) 4.32 4.13 4.08 4.08
room temperature. A small excess of Ba-content results & (%) 34 3.82 3.84 3.97
into formation of a single phase probably because of a little * 2.15 1.92 1.92 1.89
amount of vaporization of Ba component. Ba
X-ray powder diffraction data of the sample were collected 8 8 8 8
with Cu Karadiation using MXR® X-ray powder diffrac- i 05 05 05 05
tometer (MAC Science Co. Ltd.) equipped with a single- g nn?) 0.005(2) 0.030(2) 0.030(3) 0.031(3)
crystal graphite monochromator. For data collectionghge Nd
was 5 < 20 < 120° with an increment of 0.04of step width N 0 0 0 0
with 4 s per each sted8]. The resulting data were analyzed 0 0 0 0
by Rietveld method using RIETAN prografh9,20] High z 0.3152(3)  0.3152(2)  0.3152(3)  0.3151(3)
temperature X-ray diffractometry was used with the same B()  0012(2)  0.027(1) 0.027(2) 0.028(2)
apparatus equipped with high temperature stage under Hevin
atmosphere. x 0 0 0 0
y 0 0 0 0

z 0.0986(8)  0.0987(7) 0.0987(9) 0.0987(8)
B(nm?)  0.010(3) 0.025(3) 0.025(3) 0.023(3)
3. Results and discussion

o1
0 0 0 0
The powder X-ray diffraction pattern of Bakeln,O; f 0 0 0 0
obtained in this experiment showed that the most proba- 0 0 0 0
ble space group for BaN¥n,O; estimated by the CELL B(nm?)  0.00(2) 0.03(2) 0.03(2) 0.03(2)
program[21,22] belonged to orthorhombic symmetry. The o2
model of the structure for the Rietveld refinement was built  x 0 0 0 0
according to the previous resylis]. Although arandom dis- y 8 203 % 2011 00 201(5) 0 0.1955)
tribution model for alkaline earth and rare earth atoms over * : : ' '
A-site were assumed in the previous analy&ig], where B(nt)  0.01(3) 0-14@3) 0-14(4) 0-14(3)
a virtual atom of [(1/3)Ba+ (2/3)Nd] was used, and a par- ©3
tially ordered model was used for an analysis of the crystal *8:22 7%_2255 %_5 00_5
structure of SfHoMnO7 and SpYMn 07 [23] in tetragonall 2 0.106(2) 0.105(2) 0.105(2) 0.103(2)

P4s/mnm where [Sr/Hol]and [Sr/Ho2] and [Sr] and [Sr/Y] B(nm?)  0.00(1) 0.042(9) 0.04(1) 0.04(1)
are assumed, respectively, an ordering model for Ba in 4b
and for Nd in 8i inFmmm space group and also for Ba in
2b and for Nd in 4e if4/mmm space group were adopted, try, wheres = Ryp/Re ands is a goodness of fit indicataRyp
respectively, since the results of structure analysis of a singleis a weighted patterR-factor andrRe is an expecte®-factor.
crystal of BaGdMn,0O7 [24] and BaEyMn2O; [25] with The nearer to unity s is, the more probable space group and
the tetragonaP4,/mnm space group gave the ordered distri- the more stable phase at each temperature.

bution of these atoms over A-site. But the difference of the  The crystallographic data of orthorhombic at low temper-
results when a random and an ordered distribution modelsature and tetragonal phases at high temperatures are given in
were used was very slight in the analysis of powdered sam-Table 1 respectively, where only several data near the tran-
ples. No other superlattice lines in additionA@amm phase sition temperature and at the highest temperature measured
were observed in the X-ray diffraction patterns. Furthermore, in this study are shown in addition to room temperature. The
although degree of peak split characteristic of orthorhombic s-factors for orthorhombicHmmm) and tetragonall@/mmm)

phase Fmmm) from fundamental tetragonal peakg/{nmm) phases are shown Fig. 1as a function of temperature. It is

is so small to judge, the results of Rietveld analysis showed derived from this figure that the orthorhombic phase is more

a clear difference between these two phases. In this gase, stable than tetragonal below 523 K, above which tempera-
factor is especially a better measure tiRqj to judge which ture thes-factor becomes almost same even if either phase is
phase is more stable in high temperature X-ray diffractome- assumed. Therefore, this means that a tetragonal phase exists
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Fig. 1. s-Factors for both phase$umm and I4/mmm) as a function of Fig. 3. Temperature dependence of the volume of the unit cell of
temperature. BaNc;Mn,0y.
The temperature dependence of the volume of the unit cell is
—m—a Fmmm shown inFig. 3where the thermal expansion coefficient has
2074 S 'C’ E’rmg a small knick near the transition temperature.
a2 14/mmm e i The bond length and angles of Bap\din,O; are shown in
* 14/mmm o = Table 2at room temperaturd{nmm) and at 773 Kid/mmm).
E 061 o oy Ao~ The cor_responding pictures of ar_rangement of oxygen octa-
. hedron in each phase are showirig. 4at room temperature
= T and at 773K, respectively. The essential difference between
e these two phases is shown fiig. 5 where four O3 atoms
' oo_o—0—E=1% forms arectangle ifmmm and aregular squareid/mmm on
0.5500 a—" the plane perpendicular teaxis, respectively. Itis concluded
a7 - from these figures that the nature of the phase transition is a
300 350 400 450 500 550 600 620 700 750 800 change of quadrilateral consisting of four O3 atoms on the
TK perpendicular te-axis within each oxygen octahedron from
a rectangle at low temperature to a regular square at high

Fig. 2. Variation of the lattice parameters of BaiNth,O7 with temperature. temperature

Itis also seen from this figure that a manganese atomin the
above the transition temperature because of no necessity taenter of each oxygen octahedron are not located on the strict
lower the symmetry of the crystal. A variation of the lattice center of four O3 rectangle, but a little apart from this plane
parameters with temperature is showfig. 2, whereaz andb and approaches nearer to neighboring manganese atom along
become united angalso changes the dependence near 523 K. c-axis. So each oxygen octahedron consisting of the skeleton

Table 2
Bond length (nm) and angle$)(of BaNcbMn,O7 at various temperatures
rt (Fmmm) 473 Fmmm) 523 (4/mmm) 773 (4lmmm)
Bond lengths (nm)
Ba—O1x 4 0.2753(1) 0.2756(1) 0.2757(5) 0.2769(9)
Ba—03x 8 0.292(3) 0.291(3) 0.291(3) 0.293(3)
Nd—02x 4 0.278(1) 0.278(1) 0.278(1) 0.280(1)
Nd—02 0.232(8) 0.233(8) 0.234(8) 0.234(9)
Nd—03x 4 0.254(3) 0.255(2) 0.255(2) 0.255(3)
Mn—01 0.203(2) 0.203(1) 0.204(1) 0.205(2)
Mn—02 0.214(8) 0.213(8) 0.212(8) 0.214(9)
Mn—O3x 4 0.1949(4) 0.1952(3) 0.1954(3) 0.1963(3)
Ba—Nd 0.3804(6) 0.3807(5) 0.3808(6) 0.3815(6)
Bond angles9)
01—Mn—03 94(1) 94(1) 94(1) 94(1)
02—-Mn—03 86(1) 86(1) 86(1) 86(1)
03—Mn—03 89.5(2), 89.9(2) 89.7(2), 89.8(2) 89.8(2) 89.8(2)
Mn—0O3—Mn 171(3) 173(2) 173(2) 173(3)

Mn—O1—Mn 180 180 180 180
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Fig. 4. Environment around a central Mn in each octahedron of B&XgO;: (a) Fmmm at room temperature and (B)/mmm at 773 K.
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Fig. 5. Cross sections of quadrilateral consisting of four O3 atoms in an
octahedron of BaNgMn,Oy for: (&) Fmmm and (b)I4/mmm.

of this layered perovskite is a little deformed and elongated
alongc-axis in each phase.
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