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Pyrochlores of the RE;FeSbO, type were synthesized by ball-milling followed by annealing in free
atmosphere at high temperatures. The samples prepared were characterized by X-ray diffraction, Raman
spectroscopy and >’Fe Méssbauer spectroscopy, at room temperature. The results showed that RE;FeSbO-,
compounds have a cubic structure, i.e., Fd-3m (#227) space group, and that a site disorder takes place for
the RE’s of larger ionic radii. Lattice parameters, Raman bands and quadrupole splittings were shown to
depend correlatedly on the RE ionic radius. This behavior is discussed in terms of the pyrochlore
crystallographic structure.
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1. Introduction

Pyrochlores are oxides with the ideal formula A,B,0,, where A
and B are in general large trivalent and small tetravalent cations,
respectively. These compounds are predominantly cubic and ionic
in nature, and represent a family of phases which are isostructural
to the mineral pyrochlore (NaCa)(NbTa)Og(F, OH). The A;B,0;
compounds exhibit a wide variety of interesting physical proper-
ties, the geometric magnetic frustration (GMF) being the most strik-
ing [1-3]. Pyrochlores are extensively used in practical applications,
such as switching elements, thermistors, thick-film resistors, mate-
rials for screen printing and nuclear waste immobilization.

For most of the pyrochlores studied in the phenomenological
scenario of magnetic frustration, A is a magnetic rare-earth cation
(RE>") and B is a non-magnetic cation, usually a transition tetrava-
lent cation, M** (e.g., Ti**, Sn**, Zr*"). In these cases, the only mag-
netic sublattice is the one formed by the rare-earth cations, which
form a structure of sharing corners tetrahedra. In a few cases, RE;_
M,0; pyrochlores were prepared with transition cations which
could, plausibly, have magnetic moments [4,5].

However, it is possible to synthesize these compounds with
more than one chemical species, either at the site A or at the site
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B, provided that the ionic radius and charge neutrality criteria
are satisfied [6]. Looking especially for what is the role of a mag-
netic transition cation (e.g., Mn** or Fe3") at sites B, i.e., regarding
to crystallographic features and to the GMF, we have recently
investigated the RE,FeTaO; system [7]. The presence of iron (usu-
ally trivalent) offers the possibility of examine these systems by
Mossbauer spectroscopy though, at principle, it requires a pentava-
lent partner cation (i.e., Ta>*) sharing the same site (B), to match
the electronic balance. In spite of being compounds iso-stoichiom-
etric to the “classic” ternary pyrochlores, it was observed, among
other properties, that these systems crystallize with the rhombo-
hedral symmetry (R-3m). A couple of RE,FeSbO; systems (RE = Gd,
Y) was earlier surveyed [8-10] revealing that, differently of the
RE,FeTa0; compounds, show the same cubic structure of the ter-
nary pyrochlores (Fd-3m), as reported in previous X-ray diffraction
ordinary studies [11].

In this paper, we report results on the structural properties of
RE;FeSbO, pyrochlores, extending our investigation to most of
the RE. A more complete structural description of the RE,FeSbO;,
compounds is presented, by combining the Rietveld method for
refining diffractograms - not earlier applied - with Mdssbauer
spectroscopy. The phonon spectra for this pseudo-ternary system
were also obtained by Raman spectroscopy and the results dis-
cussed on basis of the crystallographic aspects of these sub-family
of pyrochlores.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jallcom.2014.08.068&domain=pdf
http://dx.doi.org/10.1016/j.jallcom.2014.08.068
mailto:paesano@wnet.com.br
http://dx.doi.org/10.1016/j.jallcom.2014.08.068
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom

636 G. Berndt et al./Journal of Alloys and Compounds 618 (2015) 635-642

2. Experimental details

The RE;FeSbO- (with RE = Pr, Nd, Sm, Eu, Gd, Tb, Dy, Y, Ho, Er, Yb) samples were
prepared, first, by ball-milling a blend of RE,O3, a-Fe;03 and Sb,0s powders (all
99.9% pure), mixed in a 2:1:1 M ratio. The precursors were milled for 3 h in a vial
of alumina (80 ml) with zirconia rods, under argon atmosphere, using a planetary
ball mill. The ball-to-powder mass ratio was 20:1 and the rotation speed was
300 rpm. After milling, the powders were annealed in free atmosphere for 6 h, at
temperatures between 1200 °C and 1400 °C. The samples were cooled to room tem-
perature by turning off the furnace. The same synthesis procedure was repeated for
some selected samples, aiming to check the reproducibility of the preparation
method, regarding the properties of interest. No significant loss of mass was ever
detected for the prepared samples, respectively to the initial mass of the precursors.

The compounds were structurally characterized by powder X-ray diffraction
(PXRD), Mossbauer spectroscopy (MS) and Raman spectroscopy (RS). The X-ray dif-
fractograms were measured at room temperature, using the Cu Ko radiation
(#=1.5418 A), in a conventional diffractometer, in the 6-20 Bragg-Brentano geom-
etry. The 20 range was from 5° up to 150°, with increments of 0.02° and a counting
time of 6 s per step. The FULLPROF program [12] was applied to refine the crystal
structure by the Rietveld method. A pseudo-Voigt shape function was used to fit
the experimental data. The data refined were atomic positions, lattice parameters,
peak shape, isotropic thermal parameters, and occupation factors.

The Raman spectra were recorded with a triple spectrometer, with a liquid-
nitrogen-cooled charge-coupled device (CCD). The slits were set to give a spectral
resolution better than 2 cm~'. The spectra were excited with the 532 nm line of
diode pumped solid state laser, operating at 30 mW. These spectra were corrected
by the Bose-Einstein occupation factor for Stokes processes [n(w)+ 1], where
n(w) = 1/exp(hw/kgT).

Mossbauer spectra were taken at RT, from a constant acceleration spectrometer
with a 3’Co(Rh) source, using absorbers with nearly 67 mg/cm?. The numerical fits
were done considering a Lorentzian line shape and applying the criterion of the
minimum chi-squared.

3. Results and discussion
3.1. Powder X-ray diffraction
Some representative refined diffractograms for the RE,FeSbO-,

pyrochlores are shown in Fig. 1. These compounds - in fact, all
RE,FeSbO, samples - showed the structure of the A,B,0; cubic

T 1T T T T T T T T T 1T
(a) _U\_AJA_’W_
20 120 150
j 20(°)
i A i A Ak
I IL 1 1} [} 3 iy [ L 1
~ | (b)
> .
= r
) 90 120 150
= 20(°)
2 ]
b
[=
- - A A AA
1 11 1 1 [ l n ] HL [} L] L L | T 1}
(c)
90 120 150
i 20(°)
4& Y £ A £ 4
I [} I I [ M n ] LH ] (] LU T 1 I 1
e
— T T T T T T T T T T T T

20 30 40 50 60 70 8 90
20(°)

Fig. 1. Refined diffractograms for the Nd,FeSbO- (a), Sm,FeSbO; (b) and Yb,FeSbO,
(c) samples.

pyrochlores (see Fig. 2), i.e., Fd-3m (#227) space group, with cell
parameter around 10 A. Therefore, this is different from what hap-
pens when tantalum is the partner of iron (i.e., RE;FeTaO; pyroch-
lore), in which case the lattice is rhombohedral [7].

In general, for the RE;FeSbO; pyrochlores, all cations occupy
special positions - i.e., there is one Wyckoff site for the RE cations
(site 16¢) and one for the transitions cations (site 16d). Oxygen also
occupies one special position (8a) and one site (site 48f) for which
there is a variable positional parameter, x. Like for the ternary com-
pounds, the RE cations are 8-coordinated, whereas Sb/Fe cations
are 6-coordinated [6], i.e., they are sixfold coordinated by O (48f)
in a nearly regular octahedral geometry, with only a slight trigonal
distortion. As we will see ahead, this distortion will be also
reflected by the electric field gradient at the iron sites, as measured
by Méssbauer spectroscopy. In this structure, the transition cations
form a corner-shared tetrahedral network, as shown in Fig. 3, cer-
tainly without crystallographic order among Fe/Sb. Otherwise,
extra Bragg peaks for the superstructure would be observed in
the diffractograms.

Table 1 shows the parameters obtained from the Rietveld anal-
ysis for all samples prepared in the present work. The lattice
parameter variation observed is consistent with the lanthanide
contraction. Such agreement can also be observed on the RE-
O(sq) bond distances (see Table 2). Also shown in this table, are
the Fe/Sb-O4ss distances, obtained from the Rietveld refinement
of the x parameter, referred to 48fin Table 1. These distances, along
with the listed angles, define the octahedral site occupied by the
transition cations.

For the pyrochlores with Pr and Nd, the best refinement was
obtained when A-site disorder - i.e., substitution of RE** ions by
Fe?* in the A-site - was considered. In both the partial substitution
of the corresponding RE>* ion by Fe>* jon was of 16% for Pr and 11%
for Nd over A-site. We are unable to propose an effective stoichi-
ometry for any of these compounds because no evidence for substi-
tution of iron by Pr or Nd in B-site has emerged. Also, no second
phase was detected at all in these samples which makes difficult,
if not impossible, to establish the real composition of these pyroch-
lores, in considering the mass conservation.

Actually, the occupation of A-site by small cations has been
earlier investigated but, normally, in pyrochlores deliberately syn-
thesized with excess of B cations, say, of the type A;_yB,.,060’
[13,14]. Stability of some members of this family was even attrib-
uted to this disorder [14]. Such Bi-deficient pyrochlores were,
eventually, found in poly-phase systems [15-17]. Another interest-
ing feature associated with the site disorder is the displacive disor-
der, frequently observed through the (442) reflection in the PXRD
patterns [18,15]. However, this did not appear in any of the mate-
rials studied here. For the remaining pyrochlores an improvement
of the Rietveld refinements was not observed when A-site disorder
was considered.

3.2. Raman analysis

Fig. 4 shows representative Raman spectra for the RE;FeSbO,
pyrochlore samples. The vibrational spectra of rare earth titanates
[19], hafnates [20], manganates [21], and stannates [22] pyrochlor-
es have been widely investigated. As a rule, the phonon spectra
exhibit a good agreement with the group theory prevision. At the
center of the Brillouin zone, the phonon distribution for the
pyrochlore structure (RE;M,05), given by the factor group analysis,
is presented in Table 3.

From the 26 vibrational normal modes of the pyrochlore
structure, six modes are expected to be observed by Raman
spectroscopy (I'raman =A1g* Eg + 4F5g). In addition, seven modes
belonging to the Fy, irreducible representation are infrared active.
The rest of them are optically inactive (silent). All the Raman active



G. Berndt et al./Journal of Alloys and Compounds 618 (2015) 635-642 637

WA/

b A@!A

(Nf

Fig. 2. Pyrochlore cubic structure for RE;FeSbO7: (a) red line = cell/blue spheres = RE cations (sites 16d)/green spheres = Fe/Sb cations (sites 16c)/grey little spheres = O
anions; (b) detail of tetrahedral interpenetrate networks (RE ions in blue and Sb/Fe in green). (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

(b)

Fig. 3. (a) Tetrahedral clusters of Fe/Sb (in green) and RE (in blue); (b) oxygen
polyhedra around the sites 16¢ and 16d and the connection between them. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

modes are directly related to the oxygen dynamic, whereas the
infrared active modes are respective to the rare earth, iron or anti-
mony sites. According to literature data bands around 300 cm™!
and 520 cm~! are ascribed to Fy4/E; and Ay irreducible representa-
tions, respectively [19,23]. There is a general agreement on the nat-
ure of the A;; mode, which is related to RE-O stretching (see Fig. 5),
and the overlapped modes E,, related to the Osy) sublattice, and
Fg, determined by O-RE-O bendings [24]. However, the complete
assignment of the remaining F,, modes is still subject of discus-
sions due to their low intensity [22,25,26].

It is also worth to note that, according to calculations, none of
the Raman active modes has a dominant contribution of the M-O
bond stretching [27-29]. Besides the by symmetry allowed modes,
the Raman spectra of most of the rare earth pyrochlores exhibit
additional features due to second order-excitations, crystal field
transitions and occupational disorder [23,30]. Crystal field transi-
tions are originated in the level splitting of the RE ions, depending
on their electronic configuration and local surrounding. These

transitions are mainly observed at low temperatures and could
contribute to the low wavenumber region of the Raman spectra
[23,24,30].

Structural disorder in rare earth pyrochlores was investigated
by selective cation substitution [31-33] or by applying hydrostatic
pressure [34,35]. The disorder relaxes the symmetry selection
rules, allowing the observation of phonons from all parts of the
Brillouin zone. As a consequence, the larger number of Raman
active vibrational modes could give rise to new bands and/or
the broadening of those bands of the ordered structure. Some
characteristic bands are usually identified at low wavenumbers
(70-150 cm™'), which could be attributed to the silent, acoustic
or IR modes, effectively observed due to the lowering in the local
symmetry originated from the lattice disorder.

For the present samples, the most intense bands of these
spectra can be assigned to vibrational modes belonging to the A;g
(~515cm™!) and Eg/F,; (~300 cm™!) irreducible representations.
The wide and asymmetric band identified around 750 cm™! is
assigned to a disordered induced two phonon process [19,23].
The observed Raman bands with the corresponding assignment,
for the investigated rare earth pyrochlores are listed in Table 4.
The reported assignment follows the one proposed by Maczka
et al. based on single crystals polarized Raman measurements
[23], as well as in far-infrared studies reported on isostructural
compounds [36,37].

As stated previously, fundamental Raman active modes of the
pyrochlore structure are arisen from the displacement of the two
non-equivalent oxygen anions. Due to that, little dependence of
the vibrational modes on the rare earth cation is observed. How-
ever, several pyrochlore families exhibit a well-established energy
lowering of the A;; mode on the increase of the rare earth ionic
radii [22,38]. This mode was described as a distortion of the BOg
oxygen octahedron due to a modulation of the x parameter of
Oasp), although it may also be described as the symmetric breath-
ing of the O4gy octahedron toward the vacant site 8b at (3/8, 3/8, 3/
8)[23,39]. According to the crystalline structure, the O4gp-vacancy
distance is proportional to the lattice parameter (dgp_4gr=a(x — 1/
8)). As a consequence, the hardening of the A;, phonon can be
ascribed to the lattice contraction.

On the other hand, the low wavenumber bands induced by the
symmetry lowering exhibit a different behavior (see Table 4).
The band observed around 80 cm~' seems to be independent of
the cation occupying the A site, whereas, bands around 100 and
130 cm ™! soften for lower rare earth ionic radii. At this point, it
is worth to remember that infrared active and silent modes are
not only determined by the oxygen displacements but also by
the heavy cations (Table 3). Since the smaller the rare earth ionic
radii the heavier the cation, phonons corresponding to the bands
around 100cm~! and 130cm™! should be dominated by the
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Table 1
Structure parameters, thermal isotropic parameters and some reliability factors extracted from Rietveld analysis of powder X-ray diffraction data for the RE;SbFeO, compounds.

RE Lattice parameter (A) Wyckoff site Fractional cell coordinates Biso (1072 A?) Rbrage Ve Rwp

1.Pr 10.4091(1) 16¢ 0 0 0 0.85(1) 4.40 2.05 11.1
16d 0.5 0.5 0.5 0.13(3)
48f 0.4211(1) 0.125 0.125 0.76(1)
8a 0.125 0.125 0.125 2.17(2)

2. Nd 10.3758(1) 16¢ 0 0 0 0.75(1) 441 3.23 12.6
16d 0.5 0.5 0.5 0.42(3)
48f 0.4196(1) 0.125 0.125 1.05(1)
8a 0.125 0.125 0.125 1.93(2)

3.Sm 10.3401(1) 16¢ 0 0 0 0.04(2) 7.04 2.73 133
16d 0.5 0.5 0.5 0.16(3)
48f 0.4235(2) 0.125 0.125 0.50(8)
8a 0.125 0.125 0.125 0.64(5)

4. Eu 10.3159(2) 16¢ 0 0 0 0.32 (4) 6.39 2.61 129
16d 0.5 0.5 05 0.32(3)
48f 0.4210(4) 0.125 0.125 0.28(2)
8a 0.125 0.125 0.125 0.32(4)

5. Gd 10.2740(1) 16¢ 0 0 0 0.91(1) 5.87 3.25 14.2
16d 0.5 0.5 0.5 0.66(1)
48f 0.4231(4) 0.125 0.125 1.09(2)
8a 0.125 0.125 0.125 0.02(2)
16d 0.5 0.5 0.5 0.18(3)
48f 0.4217(3) 0.125 0.125 0.47(1)
8a 0.125 0.125 0.125 0.14(5)

6. Tb 10.2596(7) 16¢ 0 0 0 0.87(1) 3.11 3.78 18.4
16d 0.5 0.5 0.5 0.18(3)
48f 0.4176(2) 0.125 0.125 1.87(3)
8a 0.125 0.125 0.125 0.79(3)

7. Dy 10.2410(3) 16¢ 0 0 0 0.11(1) 5.87 4.58 15.0
16d 0.5 0.5 0.5 0.55(1)
48f 0.4241(2) 0.125 0.125 0.30(2)
8a 0.125 0.125 0.125 0.32(2)

8.Y 10.2081(1) 16¢ 0 0 0 0.60(1) 4.53 4.88 13.8
16d 0.5 0.5 0.5 0.33(1)
48f 0.4151(3) 0.125 0.125 0.32(2)
8a 0.125 0.125 0.125 4.9(4)

9. Ho 10.2083(1) 16¢ 0 0 0 0.63(4) 3.73 411 124
16d 0.5 0.5 0.5 0.50(3)
48f 0.4202(4) 0.125 0.125 1.02(4)
8a 0.125 0.125 0.125 0.07(3)

10. Er 10.1992(1) 16¢ 0 0 0 0.29(2) 6.47 4.90 12.1
16d 0.5 0.5 0.5 0.18(3)
48f 0.4217(3) 0.125 0.125 0.47(1)
8a 0.125 0.125 0.125 0.14(5)

11. Yb 10.1635(1) 16¢ 0 0 0 0.35(1) 5.69 6.00 13.2
16d 0.5 0.5 0.5 0.24(2)
48f 0.4224(4) 0.125 0.125 2.24(1)
8a 0.125 0.125 0.125 0.06(2)

oscillation of the atom at the 16¢ site because phonon energy is
inversely proportional to the mass of the rare earth. On the other
hand, the low energy band (~80 cm™!) should be associated to
the 16d site since the same cations are place at this site in all the
investigated samples.

3.3. Mossbauer spectroscopy

Fig. 6 shows the Mossbauer spectra for the same samples of
Fig. 1. The hyperfine parameters fitted for these and all other
RE,FeSbO, compounds are listed in Table 5. As it can be seen, the
spectrum for the Nd,FeSbO, sample (as well as for the Pr,FeSbO;,
sample) was fitted with two doublets, whereas for the spectra of
all other samples only one doublet was enough in accomplishing
good fits. In every case, the isomer shifts are typical of trivalent
iron. Earlier studies conducted by others on the iron-antimony
pyrochlores, measured at RT, reported just one subspectral
component for all RE’'s [9]. The fitted hyperfine parameters - ¢

and 4 - obtained in the present investigation are in relative agree-
ment with previously reported values. Higher velocity Mdssbauer
spectra were also taken (not shown), in order to verify the presence
of magnetic components which, finally, were not observed.

It is also worthy of saying that samples with the same nominal
chemical composition, prepared by similar synthesis routes, can
present some fine structural differences, as revealed by the
Mossbauer spectra. After some repetitions in preparing determined
samples, we observed that for some RE’s a second iron site can
eventually be observed, even when a monophasic sample - as evi-
denced by XRD - was obtained. The experience showed us that the
larger is the ionic radius more probable is the appearance of that
second site for iron in the Mossbauer pattern of the sample.
Reflecting this trend, we could not prepare the Pr,SbFeO, and
Nd,SbFeO; pyrochlores without a second doublet (i.e., the largest
one) in their Mdssbauer spectra, even after many synthesis tries,
at different heat treatment temperatures. We attribute this second
subspectrum to iron cations occupying the RE site (16¢), in the
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Table 2

Some distances and angles between oxygen and metal cations in RE,SbFeO-, as refined from Rietveld method.

639

Pyrochlore RE-0Oysq) RE-O(4gy) distances (A) Fe/Sb-0(4gy) distances (A) (Fe/Sb)-O-(Fe/Sb) angle (°) 0O-(Fe/Sb)-0 angle (°)
PryFeSbO, 2 x 2.2536(2) 6 x 2.0152(6) 131.88(2) 83.71(6)
6 x 2.5606(6) 96.29(3)
Nd,FeSbO, 2 x 2.2464(1) 6 x 2.0150(7) 131.09(2) 83.19(7)
6 x 2.5419(8) 96.81(3)
Sm,FeSbO;, 2 x 2.2387(3) 6 x 1.9917(5) 133.20(2) 84.59(5)
6 x 2.5613(6) 95.41(2)
Eu,FeSbO, 2 x 2.2335(4) 6 x 1.9976(3) 131.81(1) 83.67(3)
6 x 2.5368(3) 96.34(1)
Gd,FeSbO, 2 x 2.2244(1) 6 x 1.9806(3) 132.98(1) 84.44(3)
6 x 2.5419(3) 95.56(1)
Tb,FeSbO, 2 x 2.2213(2) 6 x 2.0010(8) 130.02(2) 82.49(7)
6 x 2.4992(8) 97.51(3)
Dy,FeSb0O, 2 x 2.2173(4) 6 x 1.9701(3) 133.54(1) 84.81(3)
6 x 2.5411(3) 95.19(1)
Y,FeSbO; 2 x 2.2101(2) 6 x 2.0017(3) 128.71(1) 81.64(2)
6 x 2.4694(3) 98.36(1)
Ho,FeSbO; 2 x 2.2102(2) 6 x 1.9800(3) 131.40(1) 83.39(2)
6 x 2.5050(3) 96.61(1)
Er,FeSbO; 2 x 2.2082(2) 6 x 1.9721(3) 132.19(1) 83.92(3)
6 x 2.5131(3) 96.08(1)
Yb,FeSbO, 2 x 2.2005(2) 6 x 1.9621(3) 132.61(1) 84.19(3)
6 x 2.5098(4) 95.81(1)

Yb

Intensity (a. u)

T T T T
100 200 300 400 500 600 700 800 900 1000

Wavenumber (cm')

Fig. 4. Raman spectra for the RE;FeSbO; samples.

Table 3
Factor analysis for the RE;SbFeO; samples.

Atoms Sites Symmetry Irreducible representations

RE 16¢ —-3m Apu+ Ey+ Fry+ Fyy

Sb/Fe 16d —-3m Ay +Ey+Fiy+Fyy

0, 48f 2mm Aqg+ Agy + Ey+ Eg+ 3Fyy + 2F g + 2F5, + 3Fy
0, 8a —43m Fru+Fyg

I'roraL = Aig + Eg + 2F g + 4F5g + 3Ag, + 3E, + 8F, +4F2y; I'acoustic = Fius T'iNerAreD =
7 Fiu; I'raman = Arg + Eg + 4F5.

same way it was observed for Bi,FeMO; (M=Ta and Sb)
pyrochlores [18]. Throughout some unknown mechanism, larger
ionic radii (i.e., 0.99 A, 0.983 A and 1.03 A, for Pr>*, Nd>* and Bi*,
respectively) favor the occupancy of site 16c by Fe3* cations. This
is consistent with the improvement shown by the Rietveld refine-
ments for these pyrochlores, in which an A-site disorder was taken
into account.

Fig. 5. Schematic representation of the A;; Raman excitation.

Table 4
Raman bands (cm™') for the RE,SbFe0- pyrochlores.
Nd Sm Tb Dy Ho Yb Assignment
82 82 80 79 79 79 Phonon (IR)
104 102 103 102 97 Phonon (IR)
137 134 130 128 127 120 Phonon (IR)
182 178 181 186 Phonon
221 219 203 206 202 203 Fog
316 310 311 311 316 307 EglFog
419 421 430 430 434 434 Fag
511 511 513 516 518 525 AqglFog
624 704 686 686 678 651 Second order
718 728 741 741 751 757 Second order
745 749 767 767 773 789 Second order
860 860 885 Second order

The A-site disorder determined by Mdssbauer spectroscopy (see
Table 5) is a little lower than the obtained by the refinement of the
PXRD data. However, it is meaningful how both measurement
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(a) Nd,SbFeO,
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(b) Sm,SbFeO,

-3 -2 -1

Velocity (mm/s)

Fig. 6. Mossbauer spectra for the Nd,FeSbO-, (a), Sm,FeSbO; (b) and Yb,FeSbO; (c) samples.

Table 5

Relative Transmission (a.u.)

-I1 0 1
Velocity (mm/s)

(c) Yb,SbFeO,

3 2 - 0 1
Velocity (mm/s)

Hyperfine parameters for the RE;FeSbO; compounds. (8 = Isomer shift; A = quadrupole splitting; I" = linewidth).

Pyrochlore 5% (mm/s) A (mm/s) I' (mm/s) Site area (%)
1. PryFeSbO, 0.41 0.77 0.37 89
0.33 1.90 0.55 11
2. Nd,FeSbO; 0.41 0.81 0.37 91
0.39 1.80 0.60 9
3. SmyFeSbO; 0.40 0.85 0.35 100
4. Eu,FeSbO; 0.40 0.88 0.35 100
5. Gd,FeSbO, 0.39 0.91 0.37 100
6. Tb,FeSbO; 0.39 0.93 0.34 100
7. Dy,FeSbO, 0.38 0.97 0.32 100
8. Y,FeSbO; 0.38 1.00 0.37 100
9. Ho,FeSbO; 0.38 1.01 0.33 100
10. Er,FeSbO;, 0.38 1.03 0.32 100
11. Yb,FeSbO, 0.37 1.05 0.33 100

¢ Relative to o-Fe at RT.

techniques agree in revealing such A-site disorder. The presence of
some silent, acoustic or IR modes, effectively observed in Raman
spectra for this family of pyrochlores, due to the lowering in the
local symmetry originated from the lattice disorder, can be
addressed to the presence of A-site disorder as well, even for the
remaining samples, where such disorder can be quite small and
it is not evident from PXRD data.

Fig. 7 displays the lattice parameter, the A;; wavenumber, the
quadrupole splitting and the dgg_o, all as functions of the RE (triva-
lent and 8-coordinated) ionic radius for the RE;FeSbO; compounds.

First of all, we see that there is a linear variation of the two geo-
metric attributes drawn in the graphics, the lattice parameter
and the RE-O distance, with the RE ionic radius. In addition, it
can be distinguished a correlation between A;; with RE**-0(g,),
evidencing the relation of this Raman mode to the RE-O stretching.

Finally, as pointed out earlier, the A;g; Raman mode is primarily
related to the distortion of the BOg oxygen octahedron, or, alterna-
tively, as the symmetric breathing of the O4g5 octahedron toward
the vacant site 8b. However, in this family of pyrochlores such
correlation is not observed, and this is because the octahedral
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environment, around 8a and 8b sites, remains almost symmetric
with the substitution of RE** ions.

It can be also verified that A increases as a decreases (see
Fig. 7a). This demonstrates that the lanthanide contraction implies
an increase of the distortion from the cubic symmetry at the iron
sites. Such distortion, although finely dependent on the oxygen
positions (48f), surprisingly seems not to be directly related to an
inner octahedral distortion. Apparently, the BOg octahedron are
enough regular: they show a gradually decreasing B-Ogf dis-
tances and the internal distortion - see O-Fe3/Sb>*-0 angles in
Table 2 - do not follow any tendency inside the polyhedron. By
another side, the bigger is the ionic radius of the RE>* ion, the lower
is the distortion of the second coordination sphere around the iron
ion, whereas the octahedron remains almost invariant. Thus, the
observed correlation between A and lattice parameter is appar-
ently more related to the second coordination sphere of 0%~ ions,
as clearly shown in Fig. 7b.

4. Conclusions

The RE;FeSbO, pyrochlores, with RE = Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Y, Ho, Er and Yb, crystallize with the Fd-3m symmetry, with
iron/antimony cations statistically distributed over the site 16¢ of
the cubic pyrochlore structure. Iron cations tend to occupy also
the 16d site for the light RE. The lattice parameter of these
compounds increases linearly with the RE ionic radius, whereas
the distortion from the cubic symmetry of the 16¢ site increases
with decreasing ionic radius. The distortion of the iron site seems
to be more related to the distortion of the oxygen polyhedra in
the second coordination sphere than the distortion of the octahe-
dral formed by the nearest oxygens.
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