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Bi-Sr-Ca-Cu-O, Prepared by Different Ways of Heating

Basilis Papadopoulos', C. Stergiou’, A. Stergiou', 'Department of
Physics, “Department of Electrical & Computer Engineering, Aristotle
University of Thessaloniki (A.U.Th.). Thessaloniki, Greece. E-mail:
stergiou@auth.gr

For the study of superconducting materials, produced by different
ways of heating, five mixtures with proportions 2:2:2:3 of Bi,0;,
SrCO;, CaCO;, CuO were prepared. The four of them were heated,
directly, at 860°, 870°, 880° and 890° C, individually, while the last
one, gradually, at the same temperatures. All the samples were heated
in free atmosphere, for 48h.

The crystalline phases, created in the eight cases, were studied by
XRD measurements and characterized, using the PDF2 database.
Further, the Powder Profile Analysis (Rietveld’s method) was used for
the crystallographic study of the samples. The phase Bi,CaSr,Cu,Osg,
with space group Amaa and mean unit cell parameters a=5.4028,
b=5.3923 ¢=30.6559 [1], was the main phase for all the samples, with
a percentage greater than 80%. Some other phases with percentage 5-
15% for the different samples were defined, say the Bi,SrCuQOs, with
structure analogous of Dy,BaCuOs [2] (Pnma space group and mean
unit cell parameters a=12.2020, b=5.6732, c=7.1357).

Results of the samples synthesis for each of the processes were
discussed.
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Crystallographic Study of Superconducting series Nd;.,Ba,.
Cuz0y (x=0.0,0.2,0.4,0.6), Prepared at 850°C and 860°C
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The structural properties of superconducting series Nd;.Ba,.
«Cu30y (x=0.0, 0.2, 0.4, 0.6), prepared at 850°C and 860°C, were
studied. For this aim, four powder mixtures with suitable proportions
of Nd,0;, BaO and CuO were prepared and heated at temperature
850° and next the produced samples were reheated at 860°C, in free
atmosphere for 48h, in both cases. The creation and the evolution of
the phases, as a function of the quantity x, was studied by analysis of
XRD measurements. The phase characterization was realized with a
suitable program, using the PDF2 data-base. Farther, the Powder
Profile Analysis (Rietveld’s method) was used for the phase structure
refinement and the exact determination of the phase percentages. Four
crystal phases, NdBa,Cu;0; [1], Nd,BaCuOs [2], BaCuO, [3] and
CuO [4], were defined for the samples prepared at 850°C, while only
the first three of these were defined for the samples prepared at 860°C.
The creation and percentages of the crystal phases in the samples were
discussed, as a function of the temperature and the quantity x.
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Four powder mixtures with suitable proportions of La,03;, BaO
and CuO according to general type La;.«Ba,Cu;0, (x=0.0, 0.2, 0.4,
0.6), were prepared and heated at temperature 850° and next the
produced samples were reheated at 860°C, in free atmosphere for 48h,
in both cases.

The creation and the evolution of the phases, as a function of the
quantity x, was studied by analysis of XRD measurements. The phase
characterization was realized with a suitable program, using the PDF2
data-base. Farther, the Powder Profile Analysis (Rietveld’s method)
was used for the phase structure refinement and the exact
determination of the phase percentages.

Three crystal phases (the superconducting La, 76Bag,CuOy [1]
and LaBa,Cu304 [2], and the non superconducting BaCuO, [3]), were
defined for all the samples. The creation and percentages of the crystal
phases in the samples were discussed, as a function of the temperature
and the quantity x.
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Single crystals of Nd(PbyMnO; with different dopant
concentrations were grown by high temperature solution growth
technique using PbO-PbF, flux [1]. Electron diffraction patterns
showed the presence of superlattice structure x =0.25 and above The
structure of  Nd(;.,)PbyyMnO; crystals were determined by single
crystal x-ray diffraction for two different x values using a Bruker AXS
Smart Apex CCD diffractomenter with MoKo radiation . Positional
co-ordinates of Nd and Mn atoms were obtained by SHELXS97 and
refined by SHELXLO97. Substitution of Pb at Nd site results in
structural change from tetragonal (x=0.25) to cubic (x=0.38) lattice.
The lattice parameters of tetragonal and cubic unit cells are a = b =
7.725(1)A, c= 3.884(1) A and a= b= c= 7.737(2) A respectively.
While the unit cell volume of tetragonal structure (P4/mmm ) is
comparable to that of parent NdMnO;, the volume of cubic unit cell
(Pm3m) is doubled. The static distortion of MnOg octahedra is
maximum for parent orthorhombic NdMnO; (x = 0). The mismatch
between different Mn - O bond lengths of Nd, ,Pb,MnOj; is much
less at x = 0.25 and 0.38. The MnQg octahedral distortion and inter
octahedral tilt are removed progressively with higher doping. Changes
in transport properties as a function of temperature at different doping
levels are in accordance with the structural changes.

[1] Ghosh N., Elizabeth S., Bhat H.L., Subanna G.N., Sahana M., Journal of
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From an X-ray diffraction [1], the lattice constant of diluted
magnetic semiconductor Zn, ,Mn,Te linearly changes with varying x
(Vegard’s law), while an XAFS results [2] showed almost unchanged
Mn-Te and Zn-Te bond lengths (Pauling’s rule). This discrepancy led
to a question of how the large the large MnTe, tetrahedra can be
squeezed into the small ZnTe, lattice.

X-ray fluorescence holography (XFH) is a new technique that
allows one to investigate a three-dimensional local image around a
specific element. The sample was irradiated by intense X-rays of
certain energies beyond the Mn K absorption edge at
BL37XU/SPring-8 in order to obtain the Mn K, fluorescence
hologram [3]. A three-dimensional atomic image around the Mn
central atoms was derived from the hologram using Barton’s
algorithm. The nearest- and third-nearest-neighbour Te atoms were
clearly visualized. However, the second-nearest-neighbour Zn or Mn
atoms are barely visible in this image due probably to a highly
distorted cation Zn(Mn) sub-lattice.

[1] Yorder-Short D.R., et al., J. Appl. Phys., 1985, 58, 4056. [2] Happo N., et
al., J. Phys.:Condens. Matter, 1996, 8, 4315. [3] Hosokawa S., et al., Jpn. J.
Appl. Phys, 2005, 44, 1011.
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The various magnetic structures and phase transitions in the
LaMn,_Fe,Si, system have been thoroughly studied by X-ray powder
diffraction, magnetic measurements and powder neutron diffraction.
The substitution of Fe for Mn leads to a decrease in the lattice
parameters and the magnetic interactions in the Mn sublattice cross
over from a ferromagnetic character to an antiferromagnetic one. The
magnetic structures of the LaMn, Fe,Si, compounds with x = 0.2,
0.475, 0.5, 0.7 and 1.0 have been determined between 2 and 450 K by
neutron diffraction. A typical SmMn,Ge,-like magnetic behavior is
observed for the x = 0.475 sample. The magnetic phase transition from
ferromagnetism to antiferromagnetism for this sample occurs at the
intralayer Mn-Mn distance dy,.1 = 2.89 A. This value exceeds the
well known corresponding threshold value dy;.p;, = 2.87 A in the
pure Mn RMn,X, compounds [1-2]. The results are summarized in the
LaMn,_Fe,Si, magnetic phase diagram [3].
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The giant oxygen isotope effect (a metal-insulator transition
induced by '®O for O substitution) has been recently discovered in
Sm,_Sr,MnO;3; compound for x close to 0.5 [1]. We performed a
neutron diffraction study for elucidating structural reasons of this
transition. Both crystal and magnetic structures have been determined
for several compositions with Re=Sm and (Nd;.,Tby), y=0.228 and
0.456. These particular (Nd/Tb) ratios were chosen to model the
average ionic radii of Sm and (SmgsNdgs) compositions respectively.
In all studied samples the coexistence of ferromagnetic-metallic
(FMM) and antiferromagnetic-insulating (AFMI) phases has been
found at low temperature. From structural point of view both phases
have the same Pnma-type structure but with strong difference in
lattice parameters. The d(x>-y?) orbital ordering in A-type AFMI phase
leads to the huge shortening of Mn-O1 distances (=1.2%) (as well as
of b lattice parameter) and stimulates strong intragranular strains,
which stabilize phase separated state. The same situation, though with
different type of magnetic and orbital ordering in AFMI phase, has
been found in LPCM-y type manganites, which also exhibit the giant
oxygen isotope effect [2].

[1] Babushkina N.A. et al., Phys. Rev. B, 2003, 67, R100410. [2] Balagurov
AM. et al., Phys. Rev. B, 2001, 64, 024420.
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The subject of our investigation the native hydrocarbons
(bitumens), which we defines as organic compounds with a primarily
hydrocarbon basis. In the structural relation bitumens are
characterized by the supermolecular organization with the sizes of
elements from tens nanometers up to micron. The X-ray method opens
new possible in the diagnostics of complex systems, using as
numerical index a graphitization degree (Sg), which allows to
diagnose as well as follow the dynamics and transformation
mechanism of bitumens in the carbonization series: asphalt —
asphaltite — kerite — anthraxolite — graphite.

The purpose of the research work is to study X-ray transformation
of bitumens on the supermolecular level. The X-ray spectrum of
bitumens of different transformation stages consist of two basic
reflection 0.48 and 0.38 nm corresponding to the hydrocarbon
polynaphtenic phase (Ny) and an amorphous graphite-like phase (Gy).
The concentration of the latter increase with the growth of the
catagenetic transformations degree. That is a final transformation
product of natural bitumen is graphite. This testify to the single
ransformation mechanism of natural bitumens. Thus, the X-ray
methods allow to determine the genetic type of native organic
substances and establish the catagenetic transformation level of the
organic substances.

[1] Korolev U.M., Solid Fuel Chemistry, 1995, 99-111.
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As a result of the conducted experiments on the synthesis and
precipitation of monodisperse spherical silica particles (100-800 nm)
in different conditions we have determined a direct relationship
between the packing type of particles and pH, water concentration,
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