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Properties of non-stoichiometry crystals M, R.Fy.x, (M=
Ba, Ca, R - rare-earth metals) are explained on the basis of the
idea of nano-dimensional volumes vary in composition
(nano-structuredness). Twinning has been observed in
CagTmsF;, crystals [2]. Inclusions of the Ca,RF7 and CagRsF3,
ordering phases have been revealed in CagosRosF205s (R =Y,
Yb) by the electron diffraction [3]. Objects with the moiré
contrast are seen in electron micrographs of Ba, \Lu,Fy. [4] and
Baj_LasF,., [5] with the CaF, structure. Non-matrix reflections
correspond to these objects in local electron diffraction patterns,
and they have been described as defect volumes (DV) of
unknown structure [5]. We try to identify DV in this work. Ion
radii difference of Ba>" and La®* is maximal among M, La,F.,
compounds, that simplifies an identification of reflections
belonging to volumes of different compositions, but their
atomic scattering amplitudes are practically equal, that excludes
an observation of composition variations with the help of the
z-contrast. In Ca,_LasF, differences of scattering amplitudes
of Ca and La allow to use the z-contrast, and Ca;LaF,,
crystals form another group of studied objects. Bag goLag31F231,
Bay 75Lag2sF> 05, BagssLaggsFa.ss, CapgsLag.15F2.15,
CaggsLagosF20s have been grown by the crystallization from a
melt. Ba; (LasF,:, were studied in as-grown and annealed (at
1173 K and 1132 K) states. CagssLagesFo3s was studied in
as-grown and annealed (at 1280 K) states. Other Ca;LayFy.x
were studied after annealing at 1280 K. Visible density of DV in
Ba,La,F, is two orders more after annealing than before it.
Although a few anomalies are observed in electron diffraction
patterns[6], DV have been identified as twins [S]. This DV
nature is confirmed by: 7. appearance of non-matrix reflections
when an orientation of the object deviates from the exact [111]
projection (as a result of the capture of reflections of the twin
Laue zones), and their disappearance in the exact [111]
projection. #i. variations of non-matrix reflection nets when
projections are changed, iii. positions of non-matrix reflections
in [111], [011], [255], [114] projections, etc. Increasing twin
density during annealing means their deformation origin as a
result of relaxation of misfit strains between volumes of
different compositions and generation of the 1/6<211>
dislocations, but signs of composition stratification in
Ba,LasF,., have no been revealed. However these signs are
observed in all Ca,La,F,.,, wherein twin density grows also
during annealing, although less intensive than in Ba;La,Fy.,
and wherein nano-twins adjoin with inclusions of a phase with a
lattice derivative from the tisonite lattice. Existence of
nano-dimensional deformation twins can be considered as the
manifestation of the nano-structuredness.
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Maghemite (y-Fe,0;) serves as the subject of many recent
studies on nanomagnetism. However, there have been only few
attempts to correlate its microstructure with the size/shape of the
grains.

The structure of y-Fe,O; is closely related to that of
magnetite (Fe;Oy, inverse spinel, s.g. Fd-3m), but the network
of iron atoms is partially depleted containing only ferric ions.
The vacancies are dominantly distributed on the octahedral
sites, and their basic ordering can be described in s.g P4332.
Eventually, a more complex ordering has been observed, and
s.g. P4,2,2 was found to identify the lattice symmetry [1], but
the detailed structural description has not yet been provided.

We have undertaken a systematic study for the quantitative
analysis of maghemite with different shape/size grains, focusing
our interest on vacancy distribution. Samples of needle shaped
(240nmx30nm), and spherical (17nm and 28nm) grains were
prepared by soft chemistry. In order to verify the only presence
of Fe’", charge state Mossbauer measurements were performed.
The spectra showed six characteristic lines indicating the lack of
Fe’* cations and supported the y-Fe,O; structure.

Neutron- and X-ray diffraction patterns measured on
acicular maghemite have shown several sharp extra peaks in
addition to the basic spinel reflections, while such type of extra
peaks were not observed for the two other samples.

For the needle shapedy-Fe,0; sample - from multiprofile
Rietveld analysis -we have concluded, that the ordering of
vacancies results in the formation of an approximately tripled
unit cell with space group P4;2,2 even at this small particle size.
For the spherical grain sized samples the best fit was obtained
by a model, based on random vacancy distribution on the
octahedral cation sites. Preliminary results of this work have
been reported in [2,3].
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