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Abstract

Rare-earth orthoaluminate was synthesized by a polymer complex method. The orthoaluminate compounds of La—Ho except for Ce an
Pm were prepared in single phases, while those of Er—Lu were obtained only in mixed phases. The result indicated a tendency for a rare-ear
element with larger sizes to take a perovskite structure as expected by tolerance factor.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction plex method, and discussed the results intensively in relation
to their structures.

The perovskite compounds with a chemical composition
of ABX3 are popular functional materia[4]. Especially,
rare-earth orthoaluminate: LnAKJLn: rare-earth element) 2. Experimental details
is important for optical applicationg,3]. We found that
a polymer complex method is useful for the synthesis of 2.1. A synthesis process of LnAlO3 by the polymer
LnAlO3 samples and succeeded in obtaining single-phasecomplex method
YAIO 3 for the first time[4]. The polymer complex method ]
using a citric acid was invented by PechjBj, and devel- Flow chart_ for preparing LnAl@ by the polymer com-
oped and reviewed by Kakihana et f§-8]. It is excellent ~ Pleéx method is well knowr6-8] and aimost the same with
in the stoichiometry kept strictly all through the synthe- that in our previous reporf9]. Four starting materials of
sis in comparison with other solution techniques including LN(NOs)s (Nippon Yttrium Co., Ltd., 99.9%), A(NG)s
a heterogeneous process. A stable chelate complex formedKojundo Chemical Labolatory Co., Ltd., 99.9%), ethy-
between a metal ion and citric acid is dispersed homoge- /€€ glycol (GHgO2, Wako Pure Chemical Industries Ltd.,
neously in the polyester resin, and aggregation/segregation?-2%) and citric acid (§HgO7, Wako Pure Chemical Indus-
of metals in a subsequent heating process can be suppresséﬁles Ltd., 98.0%) were mixed in the molar ratio of 1:1:40:10,

strongly due to the extremely small mobility of metffs8]. respectively. The concentrations of Ln and Al solutions were
Itis the reason why the target compounds with the homoge- determined by a chelatometric titration. The solution was
neous composition in atomic levels are obtained. stirred on a digital hot stirrer (AS ONE corporation, DP-

The polymer complex method has been applied to many 1M) z_;\nd heated at SGC until a gelation was occurred. The
kinds of samples, but there is no systematic study of LRAIO gelation us_ually termln_ated at the te_mperatu_re of 85—OI:10
series. In the present paper, we investigated the synthesis of "€ Yellowish gel obtained was put in a mullite crucible (AS

the LnAIO; samples (Ln 57La—1Lu) by the polymer com- .NE corporation) and charred at 30D for 2h in an elecj
tric furnace (DENKEN Co., Ltd., KDF-S70). A black solid

mass called a precursor was obtained. The precursor was
* Corresponding author. Tel.: +81 940 35 1362; fax: +81 940 35 1711.  then ground and heat-treated at 1160for 2 h in a platinum
E-mail address: haradab@fukuoka-edu.ac.jp (M. Harada). crucible. Rare-earth elements used inclyflea, 5gCe, 59Pr,
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soNd, 62Sm,s3EU,64Gd,65Th, 66DY, 67H0, 68ET, 69TM, 70Y b,
and71Lu.
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P:YbAIO,
G:Yb,ALO,,

0:Yb,0, | P
2.2. Identification

The polycrystalline sample obtained was identified by X-
ray diffraction (XRD) technique (Mac Science Co., Ltd.,
MXP-3) under the conditions of Cudradiation, the tube
voltage of 40 kV and the tube current of 30 mA. The scanning
speed and sampling width of XRD weré&/dhin and 0.02,
respectively. A simulation by Rietveld program RIETAN-
2000[10] was used to identify extra peaks not shown in the
International Center for Diffraction Data (ICDD) database.
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3. Results and discussion Fig. 2. X-ray diffraction pattern for the sample of YbAJO

3.1. The synthesis of LnAlO3 pattern of YbAIQ (white polycrystalline powder) shown
in Fig. 2was a mixed phase of the orthorhombic YbAIO
We tried to synthesize LnAI® (Ln=s7La—71Lu) by (ICDD database 24-1933), the cubic 501, (ICDD
the polymer complex method in the synthetic quantity of database 23-1476), and X®3 (ICDD database 41-1106).
0.002 mol. The LnAIQ phase was obtained in a single phase Similarly, the samples for Tm and Lu were mixed phases
for La, Pr,Nd, Sm, Eu, Gd, and Dy. As an example, the X-ray with their own garnet compounds, while the sample for
diffraction pattern of LaAlQ is shown inFig. 1 The poly- Er was a mixed phase with a small amount 0$@&j4. The
crystalline powder looks light pink. The pattern leig. 1A CeAlO; phase was not obtained at all, but almost geO
is in excellent agreement with that of rhombohedral LafAlO  single-phase was generated. It is considered to be due to the
(ICDD database 31-0022). The X-ray diffraction patterns of easy oxidation of Ce(lll) to Ce(IV) during the heat treatment
PrAlOs, NdAIO3, SmAIO;, EUAIO3, GdAIO3, and DyAIOs in air.
also correspond to those in ICDD database, thus allowed to  The X-ray diffraction patterns of TbAlI©Qand HoAIO;
conclude that they are in single phases. included few extra peaks not reported in the database. For
Onthe other hand, the samples of Er, Tm, Yb, and Lu were example, the X-ray diffraction pattern of HoAGhown in
obtained in mixed phases. For example, the X-ray diffraction
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Fig. 3. X-ray diffraction patterns for the sample of HoAIQA) database
(orthorhombic, ICDD 24-0470), (B) experimental, and (C) calculated.

Fig. 1. X-ray diffraction patterns for the sample of LaAt@A) experimental
and (B) database (rhombohedral, ICDD 31-0022).
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Table 1
Result of synthesis

Element Tolerance factor Lattice parameté’k}#((rystal structure

s7La 0.8887 a=5.366;b=5.366;c=13.11/rhombohedral
sgCe 0.8807 -

s9Pr 0.8734 a=5.331;b=5.331;c=12.97/rhombohedral
soNd 0.8708 a=5.320;h=5.320;c =12.92/rhombohedral
Gle 0.8661 -

62Sm 0.8617 a=5.285;h=7.480;c =5.284/orthorhombic
63EU 0.8577 a=5.293;b=7.452;c =5.273/orthorhombic
64Gd 0.8544 a=5.302;h=7.446;c =5.254/orthorhombic
65Th 0.8489 a=5.310;b=7.419;c =5.232/orthorhombic
66Dy 0.8449 a=5.317;h=7.395;c =5.209/orthorhombic
s7HO 0.8409 a=5.324;b=7.374;c=5.181/orthorhombic
6gEr 0.8368 Orthorhombic (+BAlI5012) + ERO3

6oTm 0.8332 Orthorhombic + TeRl5012 + TNp O3

70Yb 0.8288 Orthorhombic + Y4AI5012 + Ybo O3

71Lu 0.8262 Orthorhombic + LgAl 5012 + Lu,O3

Fig. 3B contained extra peaks marked by a question mark than

the basic pattern from a database (orthorhombic HgAIO
ICDD 24-0470). Since the XRD pattern of the synthesized
sampleis almostidentical with that of orthorhombic HoAJO

it shows that HOAIQ was mainly synthesized. The extra
peaks might be those of orthorhombic HoAlOn fact, the
calculation of reflection by using Rietveld simulation pro-
gram RIETAN-2000Fig. 3C) is in good agreement with the
observed oneHig. 3B). The result for TbAIQ was almost
the same. Therefore, we can conclude that both ThAl@
HoAIO3 were obtained in single phases, and that the databas
(ICDD 24-0470) for HOAIQ and the database (orthorhombic
ICDD 24-1270) for TbAIQ are insufficient for small peaks.

3.2. Perovskite structure and tolerance factor

The results of LnAIQ synthesis by the polymer complex
method are summarized irable 1 A tolerance factor#” is
often used to estimate the stability of a perovskite structure,
which is defined by the following formuld]:

P "'Ln + 10
V2(rai + r0)

wherer_n, rai, andro are ion radii of Li#*, Al3*, and G,
respectively. The values of an ion radius by Shanfidi}

@)

were used. Perovskites with larger tolerance factors havell?
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parameters were determined by Rietveld analysis tentatively
(goodness of fif12] is less than 2). The lattice parametérs
andc decrease in going from Sm to Ho, while the parameter
a increases. This anomalous behavior of the parameters

also reported for LnFeg)13] and LnGaQ [14], which was
attributed to the change of coordination number of rare-earth
cationg[15].

The result shows that the tolerance factor of 0.84 could
be a boundary whether a single-phase LnAifobtained or
not. As mentioned above, YAlgs difficult to get in a single
phase. In fact, the ion radius of Y is 0.980located between
Ho and Er, and the tolerance factor is 0.8405. Therefore, it
is expected that this criterion will be useful for the LnAIO
synthesis by the polymer complex method.

4. Conclusions

We synthesized LnAIl@ (Ln=57La—71Lu) by the poly-
mer complex method. The LnAl>samples of Lh=La—Ho
except for Ce and Pm were obtained in a single phase, while
those of Ln=Er—Lu were obtained only in mixed phases. It
means that the rare-earth elements with a small ionic radius
are difficult to form perovskite single phase as expected from
the tolerance factor.
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