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The Bond Valence Model and Point Defects in Langasite Family
Elena Tyunina, G. Kuz’micheva, Lomonosov State Academy of Fine
Chemical Technology, Moscow, Russia. E-mail:
tyunina_elena@mail.ru

Crystals of langasite structure (La;GasSiOy4 - La;Ga(1)Gaz(2)
(GaSi)(3)0y4) belong to the sp.gr. P321 and have four kinds of cation
sites. The La, Ga(l), Ga(2) and (GaSi)(3) ions are located on a
decahedral, octahedral, tetrahedral and trigonal-pyramidal sites,
respectively.

In this work we demonstrate an analysis of the structure
refinements of the langasite family compounds La;Gay(Ga,Sis.<)O14,
La3Ga4[Ga(Si,Ge)]014, La3Ga5_5M0_5014 C M=Ta, Nb with the bond
valence models. The calculation of bond valence (s;;) for cation sites
was made by the two methods:

- method of Brese and O’Keeffe: sj=exp[(R;; — d;)/b];
- method of Brown and Wu: sij=(Ri/dij)'N

The calculation of s;; valus for cation and anion sites was fulfiled
by Pyatenko method: s; = ki/di"; k=v/Zdy™" (dyj —cation-anion
distance).

With these results, it is possible to confirm the occupancy of the
(GaSi)(3) sites by some cations and their correlation, to suppose a
presence of cation vacancies in La and Ga(l) sites, to prove a
distribution of the Ta and Nb ions into two sites (Ga(l) and
(GaSi)(3)) and one site (Ga(1)), respectively.
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The application of photocatalytic materials in wastewater
treatment, control of toxic air contaminants and remediation of
hazardous wastes has been of interest. Several materials like TiO,,
pyrochlores and bismuth tantalates have been extensively studied. In
search of novel structural types with enhanced photo-catalytic
activities, a series of new compounds, LiBiy;Ta;O4 and LiBiyNb3;O4
in the Li,0-Bi,0;-(Nb/Ta),05 system have been isolated for the first
time in the hitherto unknown lithium bismuth niobates and tantalates.
Both the compounds crystallize in the monoclinic space group, C2/c
with a = 13.115(2) A, b = 7.583(1) A, ¢ = 12.226Q2) A, B =
101.477(3)°, V = 1182.6(5) A’ and Z = 4; a = 13.0353) A, b =
7.647(2) A, ¢ =12.217(3) A, p=101.512(4)°, V = 1193.4(5) A* and Z
= 4 for LiBi;Ta;0,4 and LiBi;Nb;Oy4 respectively. The structures
were solved by direct methods and refined to R of 0.057 and 0.078.
The crystal structure consists of layers of [Bi,0,]*" units separated by
layers of LiO, tetrahedra and (Nb/Ta)Og octahedra hence depicting a
new structural type.

The UV-Visible diffuse reflectance spectra suggest a band gap of
34eV and 3.2¢V for LiBi;Ta;0;4 and LiBiyNb;O.4 respectively.
Photo-catalytic degradation of a wide range of dyes was studied.
Keywords: crystal structures, photocatalysis, dyes
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Peculiarities of the Electronic Structure and Dynamics in the
Nanosystems
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From the experimental results with Electron Spin Resonance in
combination with other methods, numerous special complexes of odd
electrons in many different materials and biomedical nanosystems and
the concerning unique effects have been revealed. The behaviour of
these complexes shows some unusual characteristics very distinct

from the ones in the normal crystalline systems. It is especially
notable that these new effects stand in close connection with the
fundamental properties of the materials such as the conformation, the
conductivity, the biomedical activity.

Over a long period of time we have carefully persued these
phenomena and come to the conclusion that they only can be
adequately explained through a new consideration on the ground of
the Structure and Dynamics of the Quasi-Free Electrons in the Short-
Range Order of the nanosystems. On the basis of this elaborated
model there is the possibility of a profound interpreting the molecular
electronic mechanisms of the particular features and technological
factors of the materials and biomedical nanosystems.

As illustration examples, the effect of strong crystal field, the
effect of sudden change of the conductivity, the effect of radiation
emission in some materials and biomedical systems, the molecular
electronic mechanism of the toxicity of Dioxin, the superconducting
nanomechanism in YBCO compounds, and other phenomena are
briefly exposed and discussed.

Keywords: structure and dynamics in nanosystems, electron
dynamics in nanostructures, electron dynamics in nanosystems
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Disorder in a-Quartz-Type

Piezoelectric materials are used at high temperature in important
technological applications such as microbalances, pressure sensors
and field-test viscometers. At room temperature in the a-quartz group
of materials, the piezoelectric coupling coefficient can be related to
the structural distortion with respect to the B-quartz structure type.
Piezoelectric properties of a-quartz resonators, however, begin to
degrade well below the a-f phase transition temperature at 846 K. In
order to identify new higher performance materials, it is essential to
develop structure-property relationships in situ at high temperature.

Quartz and the promising homeotypic material GaPO, were
studied at high temperature by total neutron scattering and by
piezoelectric measurements. In contrast to the results of Rietveld
refinements of the average structure, reverse Monte-Carlo refinements
using total neutron scattering data indicate that structural disorder in
quartz significantly increases well below the a-f3 transition. In the case
of GaPOy,, an increase in disorder is observed beginning above 1023
K. Piezoelectric measurements indicate that the quality factor of
GaPO, resonators begins to degrade at this temperature. This
degradation can be correlated to the increase in structural disorder.
Gallium phosphate is thus a promising material for applications at
temperatures up to 1000 K.

Keywords: structure-property relationships, quartz, high-
temperature structures
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Single crystals of general formula (Na*',R*)T®0, (R*'=Gd,La;
T*=Mo u W), doped by Yb*, Ce**, Er’* meet very high interest of
different scientific groups as active media for solid-state lasers.

Crystals of (NagsGdgs.Yb)WO, with x=0.0, 0.0025, 0.0075,
0025, 010) and (Nao'5QoLaQ'495_XCCXEI'0‘005)M004 with XZO.O, 010,
0.125, 0.15, 0.175, 0.20) belonging to sheelite family have been
grown by Czochralski technique in a different atmosphere, treated by
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a different conditions and studied by X-ray diffraction.

The (NagysLag 5)MoO,4 with |Ar(Na_La)\:rNa-rR:O.02A (r-ionic radius)
has the scheelite structure (sp. gr. I4,/a), in contrast to the
(NagsGdo5)WO, (|Arna.cel=0.13A) and (Na,Gd,Yb)WO, (rn>Tge>
ryp) with the pseudo-tetragonal superstructure unit cell with double
parameters. The non-annealed (growth in Ar) and annealed by 1000°C
for 4 days in air crystals of (NagseoLag 445Ce0.05sEr0.00s)M0O, nominal
composition have “enantiomorphic” structures. The annealed by
1000°C for 24 h in air Crystal of (Na0_500La0_295Ceo_20Ero_005)M004 has
the scheelite structure. A statistical distribution of oxygen on two sites
of structure of non-annealed (growth in 99%N,+1%0,) and annealed
by 700°C for 100 h in air of these crystals was found.
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Lattice Parameters Measurements of YBa,Cu;0-;

Superconductors Prepared under Various Forming Pressures
using X-ray Diffraction Technique
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The effect of pressure on the critical temperature 7, is studied for
YBa, Cuz 075 compounds prepared under various forming pressures.
A systematic decrease in lattice parameters is observed with forming
pressure. Resistivity measurements show an increase of the onset
temperature 7., with forming pressure. A  value of
dT,o/dP~(0.070+0.010) x 10™® K/Pa is determined. A new mechanism
based on the variation of the interlayer tunneling integral ¢, is used to
analyse the experiment results.

Keywords: superconductors, lattice, parameters
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On a New Wave Type Generated in Deforming Metal Crystals
Svetlana A. Barannikova, Lev B. Zuev, Institute of Strength Physics
and Materials Science, SB RAS, Tomsk, Russia. E-mail:
bsa@jispms.tsc.ru

Quasi-static deformation was studied on tensile fcc, bee and hep
single crystals by holographic technique. It iahs been found that slow
wave processes are generated in the deforming material. These
involve concerted motion and temporal evolution of local flow nuclei
whose nature is defined by micro-scale self-organization mechanisms.

The wave pattern type is determined for a given flow stage by
work hardening law 0(g), where 0=G"-do/de is the work hardening
coefficient; G, the shear modulus; o; the plastic flow stress and ¢, the
deformation. The waves are characterized by wavelength 5<A<10mm
propagation rate 10°<F<10™m/s and frequency 10°<w<10?Hz. The
waves are found to exhibit the following regular features: wave rate
V=2/0, where E= const=10"m/s; quadratic dispersion law w(k)=1+k>
and a concurrent decreases in the entropy of material by wave
generation AS<O0.

These can be likened to quasi-particles whose mass as calculated
from the de Broglie equation for all the monocrystals tested
m=h/V=1.5amu and dimensionless mass u=m/A (A is the respective
metal’s atomic mass) are found to grow with the number of electrons
n per metal unit cell as u=u, + kn.

Thus it is contended that by plastic flow slow waves would be
generated spontaneously in a single metallic crystal, which is regarded
as a complex thermodynamically open system. The nature of these
wave processes and their role on plastic deformation are discussed.
Keywords: plasticity, wavelength, entropy
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Pyrazole Metal(II) Complexes
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Five substituted pyridyl-pyrazole metal(II) complexes, [Fe(Hpp-
But)y(X)s], X=CIO; (1), BF; (2), [Co(Hpp-Buty(ClO4)] (3), cis-
[Fe(Hpp-@),(NCS),] (4) and  trans-[Fe(Hpp-#),(NCS),]-(H;0), (3),
were synthesized. Molecular and crystal structures of these complexes
were investigated by single crystal structure analysis. The comparison
in molecular structures between these complexes will be presented.
The magnetic properties were studied by SQUID magnetometer.

Complex () and (2), with t-Butyl substituted group, are spin-
crossover compounds. Complex (7) is a gradual but completed spin
transition from RT to 200K. The Fe L, ;-edge of iron(II) of (1) and (2)
X-ray absorption spectroscopy are studied using synchrotron
radiation. The apparent change due to HS-LS transition will be
presented in coordination geometry around Fe and in Fe core electron
excitation. However, compound (4) and (5), with substituted phenyl
group, show no spin transition phenomenon within the temperature
range studied. The relationship between structure and magnetic
properties will be discussed.

Keywords: structure-magnetism relationships, spin crossover,
magnetism
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The aim of this work is to take the advantage of the X-ray
absorption spectroscopy to get insight into the evolution of electronic
configuration in HS and LS states of the specific absorption atoms at
various temperatures and also in the LIESST state. Three Fe spin
crossover complexes, (1) Fe(btr)z(NCS)z-HZO“], (2) Fe(btr);(C10,),*
and a Co doped Fe,Co,.(btr),(NCS),-H,0P (3) were chosen to be
studied. With temperature changing 1 shows an abrupt spin transition
with a hysteresis of 25K (T, 4 = 119.8K and T,, T = 145.1K) while
2 was found to behave as a two-step spin crossover complex.

K-edge absorption spectra of 1 and 3 were collected in both RT
(HS) and 16K (LS) and also after irradiating by a laser light of 532
nm. The existence of the HS-2 after irradiation in both 1 and 3 is
varified by Fe K-edge spectra. However, spin transition only occurs at
Fe site not at Co site, though they should be situated on the same site.

Fe L-edge spectra of 2 illustrate a two-step spin transition; one is
abrupt and the other one is gradual, which is consistent with the
results reported earlier.

[1] Vreugdenhil W., et al., Polyhedron, 1990, 9, 2971. [2] Garcia Y., et al.,
Inorg. Chem.,1999, 38, 4663. [3] Martin J. P., et al., Inorg. Chem., 1994, 33,
6325. [4] Hannay C., et al., Inorg. Chem., 1997, 36, 5580. [5] Pillet S., et al.,
Eur. Phys. J. B,2004, 38, 541.
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Tungsten carbide is one of the most interesting representatives
carbides transition of metals of maximum groups, which can have as
cubic, and hexagonal crystallographic modification. In particular,
cubic WC with structure as NaCl has rather wide area homogeneity on
carbon and has high temperature melting, hardness and durability, and
also propensity to formation double carbides with transitive 3d-metals.
The data about peculiarities of the chemical bonding and changes in
then electronic structure of the cubic WC at partial replacement of
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