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Abstract

Using Kang—Eyring’s fluorite-type module theory and experimental diffraction data we propose a structure modekgDthgedPrase and
interpret the solid eutectic reaction of thed®,4, phase by comparison of the proposal structure with the determined structurg®gf Pr
Pr40072, and P$4044.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to propose the structure of this phase and to understand the
thermodynamic features.
In 1966, Hyde et al[1] showed that the tensimetric iso-
baric data for praseodymium oxides indicated a stable phase
withacomposition Pr@gigunder oxygen partial pressuresof - 2, Modeling process
30-205 Torr in the temperature range 420-450T his com-

position has not been prepared as a single phase because itis Based on Kang—Eyring module thedd], the composi-

very easy to decompose to the Rr@gand PrQ go phases  tion of any rare earth higher oxides should have the formula
during heating up from the-phase, butitalsois easytotrans- s follows:

forminto PrQ g33asitis cooled dowrTherefore, the eutectic
reactions of the PrQg1galways occur afig. 1shown. (6 + 1)R407 + vR406 + SR40g
Turcotte et al. had given the structural information of this
phase from high temperature X-ray diffractif]. Tuenge  in which RyO7, R4Os, and ROg are the compositions of
and Eyring[3] presented the electron diffraction pattern of modules with one, two, or none oxygen atoms missing,
PrOy g1gphase showing a completely different structure from respectivelys andt are the numbers of the U- and V-type
CeO g1gand ThQ gigphasesKig. 2). Since 1966, there has  module with one oxygen missing, respectivelgnds are the
been no successful resolution of the structure of this phasenumbers of modules with two or no oxygen missing, respec-
in harmony with the thermodynamic and diffraction data. In tively.
this paper, we use Kang—Eyring fluorite-type module theory  If n designates the number of the fluorite-type modules in
an unit cell of the homologous series phasemrnsithe num-
ber of times in which the eight oxygen sites have equally been
* Corresponding author. Tel.: +86 10 82649469; fax: +86 10 82649531, vacant, then the composition of the homologous series should
E-mail address: zckang@yahoo.com (Z.C. Kang). be Ry, Og,—gn, Wheren=(0+t+v+38)and 8n=(0 +t + 2v).
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- T - T - structure for this phase is given Bgy. 3. Fig. 4 shows the
/ Y )_Il\ determined structures of §1g, PisgO72, and PpsOa4. In

1000 comparison with the structure ofd®;g, Th11020, P120072,

and Pp4044[5-8], we may find that the structure ofdd0160
phase have the basic structural characters of1Ofy,
PrsgO72, which means that a mosaic of the structure of
Th11020 at center of the unit cell and the pair oxygen vacan-
cies in PggO72 symmetrically distributed along 1/4 and 3/4
c-axis of the unit cell, where the glide plan located. Two iso-
lated oxygen vacancies located near the origin and end of the
c-axis of the unit cell. They are related each other by the inver-
sion center of the unit cell. It may be seen as intergrowth of
the pair oxygen vacancies and the mosaics in the structure of
Th11020. That makes its unit cell so different from G&»o.
Th1102, if it is oxidized, the pair oxygen vacancies will be
single vacancy, and then the system will turn into the structure
of Pr40a44.

A comparison of Ti1O29 with the PggO160 Structures
reveals that there are more cation having coordination num-
bers seven and six in 0160 than in Th 1029 phase, even
This is called the modular generic formula and composition. the composition is the same. That may indicate a difference
If we use the number of each type of atom contained in a of valence variability between the praseodymium and ter-
crystallographic unit cell as the generic chemical formula, it bium cations due to the electron configuration of these two
would be R0, _», since there are four atoms in each fcc rare earth elements. It seems the pairs of oxygen vacancies in
unit cell. This formula rationalizes all of the experimentally PrO, phase make a cation having six coordination environ-
discovered homologous phases. ments, but the isolated oxygen vacancy in &g, Thb11029

Based on the electron diffraction and gravimetric data, this constructs a seven-coordination environment for Ce and Tb
phase should have 88 modules=@88) and eight times of  cation.
the eight oxygen sites to be equally vacant<8). It con-
tains 16 oxygen vacancies in a crystallographic unit cell.

Therefore, the module content would be 24F32U32V. It is 3. Summary
impossible to contain any W modules because this phase is
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Fig. 1. PrQ phase diagram.

more oxidized than the-phase, Pr@;7ghaving no W mod- The fluorite-type module theory provides a basis for a
ulesinits structure. The W module may appear ifitis directly comprehensive understanding of the relationship between
related to the:-phase PrO1, (PrOy 714), for examplen =19 the compositions and structures of the homologous series.
and 62. Structure of the RgO160 phase is proposed based on the

From electron diffraction pattern, the intensities distribu- €electron diffraction pattern and gravimetric data. The solid
tion of the diffraction spots seems to have similar symmetry €utectic reactions between Rrés PrOy.g0 PrOig1s and
as ProO7, and Pp4044. Using the symmetry information and PrOy g33have been elucidated by the structure feature of these
assembling rule of Kang—Eyring module theory, a proposal phases.

Fig. 2. The CeQg1g, PrOi gs18 and ThbQ gi1gphases demonstrated different diffraction patterns.
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Fig. 3. A proposal structure of ByO160 phase

Z.C. Kang, L. Eyring / Journal of Alloys and Compounds 408—412 (2006) 1123-1126

} 7 —
Gh + T+ ° kMW& b‘_v Py ‘
> )} - : ot iy n.. & ,_0 »:H )
T g SRR o
- 2% 1 Coxe D> e U N
S Bt B g%%mwé Yo h@% K »,99 N
-2t = Bty LAY
— L3 =+ \ = A....M i Gt e T 0 oA O 7 i
PPed Sl LIS O EERER AR,
R o Saeebe s IBL N S\ X
- @ B g NP3 ~ LNV AN~ g o e e N Py
1 (6 PRooN o oaflce skt o £ S n ot I SN SO
2 g B, B N (Ve < vatap /RN SR o
£33t e, AN W 7g DT AIE e
T e ™ B d 0% Vi PPL03CZ T O TN
o ) P Ve Y N ol
= s NE P 9):Sas

Fig. 4. The determined structures 06B¥gs, Th11020, prapO72, and P54044 phases.
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