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SYNTHESIS, SPECTROSCOPIC AND STRUCTURAL STUDY OF
TRANS- AND CIS-(+)-3-PHENYL-4-(PYRROLIDINE-1-CARBON YL)-
ISOCHROMAN-1-ONES [1]

M. G. Bogdanov™", I. V. Svinyarov?, B. B. lvanova?

! University of Sofia “St. KI. Ohridsky”, Department of Organic Chemistry, Sofia 1164,
Bulgaria

2 University of Sofia “St. KI. Ohridsky”, Department of Analytical Chemistry, Sofia 1164,
Bulgaria

The correlation between the structure and spectroscopic properties of novel cis- and
trans-(x)-3-phenyl-4-(pyrrolidine-1-carbonyl)-isochroman-1-ones is studied, using the
methods such as single crystal X-ray diffraction, conventional and linear-polarized IR-
spectroscopy, UV-spectroscopy, mass spectrometry, *H and *C NMR methods.
Quantum chemical ab initio and DFT calculations are performed, to support the
experimental data for he electronic structure and optical properties. Both cis- and
trans-isomers crystallise in monoclinic space group P2;/c and the unit cells consist of
discrete molecules. cis-Isomer is characterised with a near to co-linear disposition of
the C=0O bonds with an angle of 11.0(8)°, causing a co-linear orientation of the
discussed transition moments. The obtained structure of trans- isomer causes an
elimination of the discussed transition moments definitely at different dichroic ratios.
These statements are experimentally confirmed from the polarized IR-spectroscopic
data, showing the successful applicability of the method for determination of cis- and
trans- isomers and possible further application for elucidation of this type of organic
compounds.

[1] M. G. Bogdanov, I. V. Svinyarov, B. B. Ivanova, M. Spiteller, Spectrochimica Acta
Part A 77 (2010) 902-907.

* E-mail : mbogdanov@chem.uni-sofia.bg
Keywords: Dihydroisocoumarin; X-Ray diffraction; Structural analysis.
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SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF
MODIFIED SILICA SUBMICROSPHERES FOR ANALYTICAL
APPLICATIONS

|. Dakova'’, P. Vasileva ?, I. Karadjova®

'Department of Analytical Chemistry, 2Department of General and Inorganic Chemistry,

Faculty of Chemistry, University of Sofia “St. Kliment Ohridski”, 1 James Bourchier blvd.,
Sofia, Bulgaria

Much recent studies are focused on the fabrication of new types of silica-based
composite particles with precise controlled properties. Currently, there exists a need
for the development of new strategies for modifying these particles in order to expand
their realm of use.

In this research, submicronsized silica (SiO;) spheres with uniform spherical
morphology are grown using the Stdber process. Subsequently, the surface of these
spheres is successfully functionalized (in-situ or post-synthetically) with (3-
aminopropyl)-trimethoxysilane (APS). It is important to note that the particle size,
shape and dispersibility are not affected during the course of both functionalization
protocols. These SiO, spheres are further used as supports for the growth of more
complex structures, based on chemical coordination of pre-synthesized gold
nanoparticles (Au-NPs) onto the functionalized SiO, spheres (SiOJ/Au
nanocomposites) or based on the chemical binding of L-cysteine to the functionalized
surface of the support (SiO,/L-cysteine particles).

It is found that both the functionalization of silica surface with NH, terminal groups
and pH of the reaction medium have a profound influence over the coverage of Au-
NPs in the process of their deposition. The higher pH values are unfavorable to the
deposition of Au-NPs onto silica microspheres. It is also observed that the density of
surface capping by thiol groups can be easily controlled by changing the ratio of APS
to L-cysteine and the optimal molar ratio is found to be 1.9:0.2.

The structure, morphology, optical and surface properties of the modified silica
particles are characterized by using SEM, TEM, XRD, FTIR and UV-vis
spectroscopy, Zeta potential and N, adsorption measurements.

The sorbent based on cysteine modified silica submicrospheres is found to be
suitable for successful separation and preconcentration of noble metals cations Au
(1, Pd (1), Pt (1), Pt (1V) in various environmental and geological materials. The
SiO,/Au nanocomposite particles prepared by colloid mixing method are highly
suitable as substrates for surface-enhanced Raman scattering, stationary phases for
TLC or HPLC, and colloidal entitles with unique optical properties.

* E-mall : idakova@chem.uni-sofia.bg
Keywords: silica submicrospheres, gold nanoparticles, L-cysteine
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EXPLOITING THE TAUTOMERISM FOR SWITCHING AND
SIGNALLING PURPOSES IN SENSITIVE MOLECULES

V. Deneva®’, S. Simeonov?, M. Nikiforova®, V. Kurteva®, L. Antonov?, K. Fromm 2
!Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of
Sciences, Acad.G.Bonchev str., bl.9, Sofia 1113 (Bulgaria)

2 University of Fribourg, Department of Chemistry, Chemin du Musée 9, CH-1700 Fribourg
(Switzerland)

The tautomerism is a special case of equilibrium, which due to the high rate of
proton exchange, is especially difficult to be studied. Even though tautomerism in azo-
naphthols was first discovered in 1884 by Zincke and Bindewald, and has been studied
by spectroscopic methods since 1934, more than hundred years of research left many

questions unanswered.

The availability of a relative clear picture
of the tautomerism in the investigated
compounds gives opportunity for their nontrivial
application as molecular switches. The
conceptual idea of a tautomeric based switch is
presented in the Scheme 1. In this structure the
change in tautomeric state, labeled A and B, is
linked to changes in the complexation abilities of

TAUTOMER
A

TAUTOMER
B

the guest-host system by modulation of the hydrogen bonding ability to the antenna. At
the same time engagement of this antenna by protonation or complexation with metal

Oy~

N H
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H*HOH-

H B@
/
N H
A__Ol
A=N,CH

B = CH,, CO

N = piperidine, morpholine, azacrowns

Scheme 2. Action of the new switch

ions causes a reversible change in the
tautomeric state [1].

According to the conceptual model we
have synthesized number of switches, where
the macrocyclic receptor is conjugated or not to
the tautomeric block. The switching action can
be demonstrated with Scheme 2.

In the free ligand a full stabilization of the
enol form via H-bonding has been observed,
giving yellow color (absorption maxima
~400nm). Under protonation (or complexation
with metal ions) the tautomeric equilibrium shifts
towards the keto form due to the strong
interaction between the host and the C=0
group. As a result, the color changes to orange
(absorbance above 460-500nm with clear
hyperchromic effect) [2].

These changes were observed in
solution, but they were confirmed by X-ray
analysis of some of the compounds in solid

state. The X-ray analysis showed that the enol form wS stabilized in the free ligand, while
the keto form was observed in complexation with (Na* and K").
[1] L.Antonov, V.Deneva, S.Simeonov, V.Kurteva, D.Nedeltcheva, J.Wirz, Angew. Chem. Int.

Ed. 48 (2009) 7875-7878.

[2] L.Antonov, V.Kurteva, S.Simeonov, V.Deneva, A.Crochet, K.Fromm, Tetrahedron 66

(2010) 4292-4297.
* E-mail : vera_deneva@yahoo.com

Keywords: Molecular switches, Aza-crown, X-ray
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TRANS-DICHLORO(/7-ETHYLENE)(N-3-PYRIDINYLMETHANE-
SULFONAMIDE)PLATINUM(II). A CRYSTALLOGRAPHIC,

SPECTROSCOPIC AND THERMOANALYTICAL STUDY

Nicolay I. Dodoff"*, Maria Lalia-Kantouri?, Maria Gdaniec®, Agnieszka Czapik®,
Nikolay Vassilev*

! Acad. R. Tsanev Institute of Molecular Biology, Bulgarian Academy of Sciences, Acad. G.
Bonchev Street, Block 21, 1113 Sofia, Bulgaria

2 Department of Chemistry, Faculty of Sciences, Aristotle University of Thessaloniki, P.O. Box
135, 54124Thessaloniki, Greece.
3 Faculty of Chemistry, Adam Mickiewicz University, ul. Grunwaldzka 6, 60780 Poznan,
Poland

*Institute of Organic Chemistry with Center of Phytochemistry, Bulgarian Academy of
Sciences, Acad. G. Bonchev Street, Block 9, 1113 Sofia, Bulgaria

In the last years special attention attract the “non-classical’ cytostatic Pt(ll)
complexes, and in particular, those with trans-configuration [1]. In continuation of our
previous studies on the coordination chemistry [2a-c] and cytotoxic effect [2d] of
platinum-group metal complexes with N-3-pyridinylmethanesulfonamide (PMSA),
now we report the synthesis (from Zeise salt and PMSA in water), crystal structure
and  physico-chemical  characterization of  trans-dichloro(n*-ethylene)(N-3-
pyridinylmethanesulfonamide)-platinum(ll) (1). Crystals of 1 (monoclinic; P2;/c; a =
5.1260(1), b = 19.1600(4), ¢ = 12.7990(3) A. B = 97.242(2)°: Z = 4) contain complex

molecules in which the Pt(ll) has a
planar coordination, the ethylene
molecule is perpendicular, and the
pyridine ring is inclined to ca. 45° with
respect to the coordination plane. The
complex has been characterized by IR
(v(NH): 3240, v(SO,): 1350, 1148,
v(PtCI):352 cm™) and 1D and 2D NMR
: spectra. '‘H NMR data (6 (ppm),
H(7B) Ci(2) multiplicity, J gHz)). CHas: 3.10 s; CoHa:
4.83 s with a 1*°Pt satellite, 2J(H-Pt) =
= 58 Hz; H(4): 7.61, dd, %J3, = 8.5, 3,5 = 5.6, H(3): 7.98, ddd, “J13= 2.5, “Js5= 1.2;
H(5): 8.62,dd; H(1): 8.81, dd. **C NMR data. CHg: 40.4 gr, *J(C-H) = 138; C,H4: 76
m, br with a **°Pt satellite, 1J(C-Pt) = 156; C(4): 127.2 d, J(C-H) = 171; C(3): 131.7
d, 2J(C-H) = 169; C(2): 138.7 s; C(1): 143.5 d, 1J(C-H) = 189; C(5): 147.6, d 1J(C-H) =
190. Simultaneous TG/DTG-DTA analysis revealed that the fiinal solid residue at
1000 °C corresponds to PtS.
[1] @) M. A. Jakupec et al., Rev. Physiol. Biochem. Pharmacol., 146 (2003); b) I. Kostova,
Rec. Pat. Anti-Cancer Drug Discov., 1 (2006). [2] a) N. |. Dodoff, Internet J. Vibr. Spectrosc.,
4, 3 (2000) 5 [http://www.ijvs.com]; b) N. I. Dodoff, Z. Naturforsch., B, 56 (2001) 1217; c) N. I.
Dodoff et al. Z. Naturforsch., B, 59 (2004) 1070; d) N. I. Dodoff et al. Z. Naturforsch., C, 64
(2009) 179.
*dodoff@obzor.bio21.bas.bg
Keywords: Platinum, sulfonamide, cytostatic.
Acknowledgement. The work is part of the bilatteral cooperation between BAS and AUTh.
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SYNTHESIS AND CRYSTAL STRUCTURE OF 2-[(2,3-DIHYDRO- 2-
OXO-3-BENZOXAZOLYL)METHYL]BENZOIC ACID

M. Gerova®’, R. Nikolova?, B. Shivachev?, O. Petrov!

! University of Sofia “St. Kliment Ohridski”, Faculty of Chemistry, Department of Applied
Organic Chemistry, 1164 Sofia, 1 James Bourchier Blvd., Bulgaria.

2 Bulgarian Academy of Sciences, Institute of Mineralogy and Crystallography, 1113 Sofia,
Acad. Georgi Bonchev Str., Bl. 107, Bulgaria

Benzoxazole represents an important heterocyclic scaffold [1], as several of its derivatives
are shown to display a range of promising pharmaceutical properties such as anticonvulsant,
anti-inflammatory, analgesic, antiulcer, antineoplastic, antibacterial and antifungal activities
[2, 3]. A number of substituted (2,3-dihydro-2-oxo-3-benzoxazolyl)alkanolic acid derivatives
have been recognized as therapeutically useful cyclooxygenase inhibitors (Non-Steroidal
Anti-Inflammatory Drugs, NSAIDs). These facts prompted us to synthesize the title
compound as potential anti-inflammatory agent and clarify its structure.

HOOC

(g

2-[2,3-Dihydro-2-Ox0-3-benzoxazolyl)methyl]benzoic acid

[1] J. Poupaert et al., Curr. Med. Chem. 12 (2005) 877.
[2] N. Gokhan et al., Eur. J. Med. Chem. 31 (1996) 625.
[3] T. Onkol et al., Turk J. Pharm. Sci. 6 (2009) 93.

* E-mail : mgerova@chem.uni-sofia.bg
Keywords: 2(3H)-benzoxazolone, X-ray
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THEORETICAL AND EXPERIMENTAL STUDIES ON THE
COORDINATION ABILITY OF 1,4-
BIS(DIMETHYLPHOSPHINYLMETHYLENEOXY)BENZENE

P. Gorolomova®”, R. Petrova?, B. Shivachev?, V. llieval, D. Tsekova?l, T. Tosheva®, E.
TasheVv®, S. Varbanov®, G. Gencheva®
'Faculty of Chemistry, University of Sofia, 1164 Sofia, Bulgaria.
* 2Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, 1113
Sofia, Bulgaria
3Institute of Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria
*Institute of Organic Chemistry with Center of Phytohemistry, Bulgarian Academy of
Sciences, 1113 Sofia, Bulgaria

The dimethyl(methyleneoxyaryl)phosphine oxides [1] are relatively small group
organophosphorous compounds that belong to the family of tertiary phosphine
oxides. Coordination chemistry of these compounds is fairly new, however it should
be of particular interest because of their potential application as synergetic agents at
extraction as well as for building of coordination polymers [2].

The present paper is dedicated on the theoretical study of the molecular and
electronic structure, and reactivity of 1,4-bis(dimethylphosphinylmethyleneoxy)-
benzene as well as comparison with single crystal X-ray crystal data obtained [3].
The theoretical conformation analysis applied was performed for gas phase varying
the C-O-C-C angles. The calculations at MP2/6-31G* and B3LYP/6-31G* levels of
theory revealed the existence of five energetically stable conformers and none of
them were identical with single crystal data obtained. To explain the differences
between theoretical study and experiment, the molecular optimization was done
using the Z-matrix of the experimental data. In all cases studied, the calculated NBO-
charges indicated higher reactivity of the phosphoryl O donor-atoms.

2
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Fig. 1. Optimized molecular structures of conformers : a) using Z-matrix with x-ray data ; b)
calculation in gas phase.

[1] S. Varbanov, T. Tosheva, G. Borisov., Phosphourus, Sulfur & Silicon 63 (1991) 397.

[2] G.Gencheva, D.Tsekova, P. Gorolomova, V. llieva, R. Petrova, B. Shivachev, T. Tosheva,
E. Tashev, S. Varbanov, SIZEMAT2 — September, 2010, Nessebar, Bulgaria, p. 51.

[3] D.Tsekova, R. Petrova, B. Shivachev, P. Gorolomova, V. llieva, S. Varbanov
G.Gencheva., I National Crystallographic Symposium — October, 2009, Sofia, Bulgaria,
p.129.

* E-mail : ggencheva@chem.uni-sofia.bg

Keywords: X-ray diffraction, theoretical conformation analysis, chemical reactivity
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STRUCTURAL DIVERSITY IN ZINC(Il) COORDINATION POLYM ERS
CONSTRUCTED WITH
DIMETHYL(METHYLENEOXYARYL)PHOSPHINE OXYDE-LIGANDS

V. llieval”, R. Petrova?, B. Shivachev?, P. Gorolomoval, D. Tsekova®, T. Tosheva®,

E. Tashev®, S. Varbanov?*, G. Gencheva®

'Faculty of Chemistry, University of Sofia, 1164 Sofia, Bulgaria.
E-mail: ggencheva@chem.uni-sofia.bg

%Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria

®Institute of Polymers, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

*Institute of Organic Chemistry with Center of Phytohemistry, Bulgarian Academy of
Sciences, 1113 Sofia, Bulgaria

Coordination frameworks based on transition metal ions and organic bridging ligands
have been rapidly developed due to their intriguing structural features and because
of their interesting properties, and potential application in catalysis, non-linear optics,
ion and molecular recognition, adsorption, selective guest inclusion, etc. Here we
present the synthesis, single-crystal structure and solid state spectroscopic
characterization of five novel coordination polymers. The compounds were obtained
by reactions of three bis-(dimethylphosphinylmethylenoxy)bezenes (L) [1] and
corresponding salts ZnX (X=Cl,, Br, and I,) in alcoholic medium. The ligands used
have bidentate nature and coordinate through the two phosphoryl-groups oxygen
donors from the two aromatic substituents disposed in 0-, m- and p-positions. In the
polymers, the repeating units are distorted
tetrahedrons of ZnO,Xj, as in each unit, the O-
< donors belong to two different ligands and thus
the chain structures are formed. The flexible
ligands can adopt different conformations to
form complexes with varied structures. The
different sizes and coordination abilities of the
counterions have also significant effect on the
structure of the compounds.

Fig.1. Zinc(ll) coordination polymer of 1,4-bis(dimethylphosphinylmethyleneoxy)benzene.

[1] S. Varbanov, T. Tosheva, G. Borisov., Phosphourus, Sulfur & Silicon 63 (1991)
397.

* E-mail : ggencheva@chem.uni-sofia.bg

Keywords: (Zn(ll) coordination polymers, dimethyl(methyleneoxyaryl)phosphine
oxides, single-crystal structure.
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PREPARATION OF ANOCRYSTALLINE ZnO THIN FILM BY SOL GET
METHOD

Nina V. Kaneva, Ceco D. Dushkin

Laboratory of Nanopatrticle Science and Technology, Department of General and Inorganic
Chemistry, Faculty of Chemistry, University of Sofia, 1 James Bourchier Blvd.,1164 Sofia,
Bulgaria

Nanocrystalline ZnO thin films are deposited from sol-gel of zinc acetate, 2-
methoxyethanol and monoethanolamine using the dip coating technique onto two
different substrates: glass and aluminium foil. The following experimental systems
are considered: (i) Nanostructured ZnO thin films with different concentrations of Ni?*
doping ( 0, 1, 5, 10 and 15 wt%) are prepared onto glass substrates by the sol gel
method for the first time. The film surface is with characteristic ganglia-like structure
as observed by Scanning Electron Microscopy (SEM). The films comprise of ZnO
nanocrystallites with hexagonal crystal structure, as revealed by means of X-ray
diffraction (XRD). (ii) Aluminium foil substrates are annealed at different temperatures
(100°C, 300°C and 500°C). The ZnO films on them are characterized again by means
of SEM and XRD. The crystalline structure is hexagonal. The film surface is with
characteristic ganglia-like structure, which increases in crystallite sizes with the
annealing temperature in the range 70 - 88 nm.

Tel.: +359-2-8161-387;
Fax: +359-2-962-5438

E-mail address: nhtd@wmail.chem.uni-sofia.bg (C. Dushkin)

Keywords: zinc oxide, thin films, crystallites
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SPECTROSCOPY OF OPTICAL WAVEGUIDE LAYERS

M. Kuneva*, S. Tonchev
Institute of Solid State Physics — Bulgarian Academy of Sciences,
72 Tzarigradsko Chausse Blvd, Sofia 1784, Bulgaria

Waveguide layers formed in electro-optical materials have a large area of
applications in integrated optics. Proton exchange (PE) technology was used for
obtaining optical waveguides in LiNbO3; and LiTaOs. The PE process goes by the
scheme:

LiMO3 + xH* = Li;H,MO3 + xLi* (M=Nb,Ta)

and modifies the crystal surface by Li-H ion exchange forming a layer of several pm
depth with a large extraordinary index increase Ane (Ane[0.12 at 0.633 ym). The PE
layers show complex phase behavior which depends on the hydrogen concentration
(value of x) and causes instabilities, optical losses and significant deterioration of
electro-optical parameters. Since the first steps of the development of PE technology,
several methods were proposed for characterization of the layers obtained; none of
them is universal, but they act well in combination.

The authors have shared a 20-years experience on spectroscopy of proton-
exchanged waveguide layers in LINbO3 and LiTaOs. The methods include infrared
absorption and reflection spectrometry, X-ray photoelectron spectroscopy (XPS),
mode spectroscopy and micro & waveguide Raman spectroscopy. Mode spectra
were used for the determination of phases in Li;.xHxNbO3 and Li;.x\HxTaOs3. Vibration
spectra allowed some comparative and semi-quantitative estimations of the thickness
of phase sublayers, as well as conclusions about the positions of diffused H-ions in
the crystal lattice to be made. XPS provided information about the composition at the
waveguide surface.

The structural and compositional information delivered by each of these methods
helps for creating a more complete description of the structure and the properties of
PE layers. The interpretation of the results emphasizes on the phase content of
waveguides obtained at different technological conditions. Such combined analysis
can contribute to adjustment of fabrication conditions when defined phase
composition is needed for waveguide devices with improved stability and
characteristics.

* E-mall : kuneva@issp.bas.bg
Keywords: optical waveguides, spectroscopy, phase composition, proton exchange
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MECHANOCHEMICAL SYNTHESIS AND THERMAL STABILITY

OF Cu-Ag SOLID SOLUTIONS

L. Lyubenova*, T. Spassov and M. Spassova

Faculty of Chemistry, University of Sofia, 1164 Sofia, Bulgaria

The objective of this work was the study the microstructure, morphology, and thermal
stability of different supersaturated solid solutions that would be attractive for
fabrication of nanoporous structures. Nanocrystalline CuspAgscAlip and CusoAgsoSnio
solid solutions are synthesized by high energy ball milling. For both compositions
milling for 8 h leads to formation of amorphous phase. After 10 h of milling only fcc
solid solutions with different lattice parameters are obtained. Increasing the milling
time no diffraction peaks of pure Ag and Cu elements can be observed, indicating
almost completed alloying process.

Broad overlapped exothermic effects for all samples are detected by DTA. These can
be explained with solid solution decomposition and a grain growth process. An
exothermic effect at about 3400C can also be detected on the DTA curve of the
ballmilled CuspAg40Snip alloy, associated with crystallization of the amorphous phase
formed during milling.

* E-mail: nhtll@chem.uni-sofia.bg
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STRUCTURE OF LaSrFeO,: NEUTRON DIFFRACTION, MOSSBAUER
SPECTROSCOPY AND MODELING

L. Dabrowskit, D. Neov?, V. Antonov?, M. Machkova®, S. Neov? and V. Kozhukharov®
! Atomic Energy Institute, 05-400 Otwock, Swierk, Poland

Z Institutes for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 1784
— Sofia, Bulgaria

% University of Chemical Technology and Metallurgy, 1756 — Sofia, Bulgaria

Mdossbauer spectroscopy and neutron diffraction experiments were carried out for
study the structure of LaSrFeO,4. The compound is alternative one for application as
advanced cathode in solid oxide fuel cells (SOFC) operating at high temperatures.
Depending on the method of synthesis used, e.g. solid-state reaction at various
temperature regime or wet chemical method (as implemented in our case), Neel
temperature Ty deduced from the Moéssbauer experiments varies in wide ranges.
This could indicate different oxygen content, different oxidation states of iron and
distribution of the cations in La-Sr-O rock-salt layers. It was established that the
compound crystallizes in K;NiF, — type structure and constitutes a particular case of
so-called Ruddlesden-Popper phases An+1BrO3n+1 With n = 1. Neutron diffraction (ND)
measurements confirm tetragonal 14/mmm space group and resulting unit cell
parameters a = b = 3.8694 A, ¢ = 12.7322 A obtained by Rietveld refinement
procedure. The results also imply that Sr and La atoms are evenly distributed.
Mossbauer spectroscopy measurements at room temperature confirm the presence
of small quantity of Fe** in the studied sample. The best fit of resonance curve at T =
295 K was produced by two-component quadrupole doublet. Taking into account the
unigue position of Fe ions in the structure, a model with nearly equal Q (quadrupole
splitting) and different IS (isomer shift) of constituent doublets was applied. The
presence of two doublets with IS = 0.42 mm/s and 0.27 mm/s is due to the different
oxidation state of iron atoms. Deconvolution of the resonance absorption spectra at
9.3K was elaborated using a model of two sextets, which also yields as a result
convergence Q-values with increasing temperature above 150 K. The data procured
were interpreted by using ab initio quantum-mechanical modeling. In order to test
stability of the different structures, calculations were carried out for a fixed volume
with relaxation of the atomic positions. The experimental results from Mdssbauer
spectroscopy and the model calculations show that occupational distribution of La
and Sr atoms in (4e) Wyckoff positions is not uniform as previously assumed, but in
double layers of either La or Sr. In this context and according to the ND results
obtained, it can be concluded, that although Sr and La atoms form double layers, the
different layers are randomly distributed in the crystal structure.

ACKNOWLEDGMENTSThe support from the Bulgarian NSF, contract 1107-(1711/07) is
greatly acknowledged. The authors would like to express their gratitude for the calculation
time, granted on PHYSON computer cluster, operating under NSF grant VU-205-2006
project.
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CONFIGURATION DETERMINATION OF CHIRAL COMPOUNDS BY
NMR SPECTROSCOPY AND X-RAY CRYSTALLOGRAPHIC

METHODS

M. Marinova*, K. Dikova, |. Zagranyarska, K. Kostova, P. Tzvetkova, V. Dimitrov

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of
Sciences

Acad. G. Bonchev str., bl. 9, Sofia 1113, Bulgaria, e-mail: mm@orgchm.bas.bg

The synthesis of new chiral compounds by using the three component Betti-
condensation reaction is attracting in recent years significant interest due to their
application in first instance as ligands for enantioselective C-C bond forming
reactions. The condensation occurs with remarkable diastereoselectivity with
formation of new stereogenic centers through easy to perform reaction procedures.
The determination of the absolute configuration of these newly formed chiral
compounds is decisively important, since their use in enantioselective catalytic
processes is connected with study of the sense of observed asymmetric induction.

We are presenting here the application of advanced NMR approaches for
determination of the relative configuration of new chiral compounds containing
molecule parts possessing stereogenic centers with known configuration. The
applicability of the NMR methodology is proved by X-ray crystallography (Fig.).

Fig. Example — Proton proximities observed for new compound synthesized through
Betti-condensation through NMR NOESY spectra and structure determined by X-ray
crystallography

* E-mail: mm@orgchm.bas.bg

Keywords: Betti-condensation, diastereoselectivity, NMR spectroscopy, X-ray crystallography
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THE EFFECT OF THE COMPOSITION ON THE CRYSTALLIZATION
BEHAVIOR OF SINTERED GLASS-CERAMICS FROM BLAST
FURNACE SLAG

|. Mihailova™”, D. Mehandjiev?
'University of Chemical Technology and Metallurgy, 8 Kl. Ohridski, Sofia 1756, Bulgaria

%Institute of Catalysis, Bulgarian Academy of Sciences, Acad. G. Bonchev St., Bldg. 11, Sofia
1113, Bulgaria

Glass-ceramics manufacturing has been considered as a very effective method for
recycling and utilizing different types of industrial waste. The purpose of this paper
was to investigate the crystallization process of sintered glass-ceramics prepared
from vitrified mixtures which were composed on blast furnace slag (68-80 %mass),
kaolin, Al,O3 and TiO,. First the parent glasses were prepared. Then the glass-
ceramics were obtained by one-step heat treating at 1000C for pressed glass
powders. The crystallization behavior was studied by X-ray diffraction (XRD) and
scanning electron microscope (SEM). The crystalline phases were identified to be
melilite, anorthite and pyroxene. The ratio between crystalline phases depend on
chemical composition on parents glasses. It was found the possibility to obtain a
glass-ceramics containing meliite, anorthite or pyroxene as the main crystalline
phase. The detected differences of the cell parameters suggest that the crystalline
phases are solid solutions with variable composition. The examined microstructures
were in accordance with the surface mechanism for nucleation-crystallization. The
enhanced nucleation activity of fine glass powders caused crystallization, which led
to good mechanical properties of glass-ceramics.

* E-mail: irena@uctm.edu

Keywords (blast furnace slag, glass-ceramics, crystallization, structure):
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GROWTH AND CHARACTERIZATION OF MULTILAYER
AlGaAs/GaAs SOLAR CELL HETEROSTRUCTURES

M. Milanova’, G. Popov, G. Koleva
Central Laboratory of Applied Physics
59 St. Petersburg bivd., 4000 Plovdiv, Bulgaria

Thin film multilayer heterostructures for high efficiency single-junction GaAs and
AlGaAs solar cells are investigated. The developed structures consist of several
layers grown on a highly conducting GaAs substrate by low-temperature Liquid-
Phase Epitaxy. The photoactive (p-n) GaAs or (p-n) Alp3Gag 7As region is embedded
between two AlGaAs layers: a back-surface-field AlIGaAs layer of several microns
thick and ultrathin (20-40 nm) window layer providing the best conversion efficiency
and maximum spectral response in the range 300-900 nm. Two layer ZnS/ MgF.
antireflection coating is deposited on the cell surface.

The layer thicknesses are measured on (110) cleaved cross-sections using
SEM and optical microscopes. The molar fraction of AlAs in the ternary AlGaAs solid
solution is determined by EDAX technique. The thicknesses and composition of the
window layer are estimated by a combination of Raman scattering with anodic
oxidation method.

The external quantum efficiency (EQE) measurements have been carried out
within spectral range of A = 340 -920 nm. Evaluation of the photoresponse in
absolute units take place due to comparison of the photocurrent magnitude from a
calibrated reference cell (NASA Lewis Research Center) and the structure under test
at monochromatic illumination. Fig.1 shows the EQE of multilayer structures for GaAs
and AlGaAs solar cell.
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Fig.1 External quantum efficiency for GaAs (1) and AlGaAs (2) solar cell structures.

The first high-efficiency solar cells in Bulgaria with conversion efficiency of 19-20 %
at one sun AM 1.5 conditions have been fabricated at Central Laboratory of Solar
Energy and New Energy Sources on the base of the grown structures.

* E-mail :milanovam@yahoo.com
Keywords: heterostructures, solar cells
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CRYSTAL STRUCTURES OF A SERIES OF SUBSTITUTED
2-ACYL-1,3-INDANDIONES — HYDROGEN BONDING PATTERNS
AND - TINTERACTIONS

Gordana Pavlovi¢!, Anife Ahmedova?, Neyko Stoyanov® and Mariana Mitewa ~ 2

!Lab. of General Chem., Dep. of Appl. Chem., Faculty of Textile Technology, University of
Zagreb, Prilaz baruna Filipovica 28a, HR-10000 Zagreb,

“Laboratory of Biocoordination and Bioanalytical Chemistry, Faculty of Chemistry, University
of Sofia, 1, J. Bourchier av., 1164 Sofia, Bulgaria;
®Rousse University, Technological Branch-Razgrad, Razgrad-7200, Bulgaria

The 2-substituted-indan-1,3-diones show unique optical properties due to the
presence of the indan-1,3-dione moiety, which is known as a very strong electron
acceptor. When it is coupled with electron donating substituents with different
strength, the photophysical properties of the formed dipolar molecules can be
modulated. On the other hand, the complexation capabilities of these compounds
have found practical application as extracting agents for various transition metal ions.

The crystal structures of four novel derivatives of 2-acyl-1,3-indandiones have been
solved from single-crystal X-ray diffraction data. All studied compounds, 1 — 4, are
planar in the crystalline state and exhibit s-trans configuration of the exocyclic double
bonds, as shown in the Scheme. Moreover, 2-Acyl derivatives of indan-1,3-dione
possess intramolecular resonance assisted hydrogen bonds (RAHB) in the T&
conjugated [3-dicarbonyl fragment, thus allowing tautomerization via an intramolecular
proton transfer process. The geometry of RAHB is characterized with the O---O
distance spanning in the range 2.625(1) A - 2.650(3) A whereas the bond angle
range is 147(2)" — 162(5) ". The intermolecular interactions involve hydrogen bonds of
the C-H---O type and Tt - Tt stacking.

AR
\ /
S OCH,
CH;  OCH,

R @O @ @O (4)

Scheme: Structural formula of 2-substituted indan-1,3-diones.
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SPECTROSCOPIC CHARACTERIZATION OF NANO-SIZED
MICROPOROUS TITANOSILICATES WITH PHARMACOSIDERITE
STRUCTURE

R. Titorenkova, N. Petrova, R. Nikolova*, V. Kostov-Kytin, V. Ganev

Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, Acad. G.
Bonchev Street, Bl. 107, Sofia, Bulgaria;

GTS-1 is a microporous hydrous titanosilicate, which high affinity for Cs* and Sr**
makes it a promising material for remediation of ground-water and certain types of
nuclear waste. Its hydration state is of interest from the viewpoint of its application as
water adsorbent [1].

The high water sorption capacity and the slight excess of Si over Ti in the
framework of the run-product, already noticed by other investigators, attracted our
attention and inspired new syntheses aiming at elucidation of the crystal chemical
peculiarities according to the synthesis conditions. The objects of this study are GTS-
1 varieties prepared in the system K,;0-Na,O-TiO,-SiO,-H,O through rapid method
for low-temperature hydrothermal synthesis. The alkaline metals composition was
varied as follows: 100%Na; 75%Na25%K; 50%Na50%K; 25%Na75%K; 100%K,
while the content of the rest components was kept constant. Our previuos (XRD, HR
TEM, ICP-OES) results demonstrated the following: (i) crystallization of pure, single
phase, nano-sized materials with pharmacosiderite structure; (ii) Ti deficiency that
increases towards K end-member, and (iii) lack of amorphous phase.

The aim of this study is to present the spectroscopic and thermal data of pure Na, K
and mixed (K+Na) GTS-1, which are interpreted in terms of Ti deficiency and
existence of defects in the framework. Based on the experimental results, the
observed charge disbalance is explained through compensatory hydroxylization that
allows preserving the framework topology.

The amount of total water release decreases from Na to K end-member, which is
evidenced by DTA-TG data that show overlapping effects due to multistage water
release. However, the water molecules are stronger bonded to the framework in K
end-member, which is also confirmed by vibrational spectra. A systematic change of
absorption spectral features from Na to K end-member is observed, namely
frequency shift, broadening and appearing of additional peaks. These spectral
peculiarities indicate an increase of bond lenght distribution and higher degree of
framework defects for K end-member.

[1] K. Fujiwara, T. Shiode, K. Sugimoto, A. Nakatsuka, N. Nakayama, R. P. Nikolova,
and V.Kostov-Kytin, Proceedings of the Third Intrnational Symposium, “Advanced
Micro- and mesoporous materials”, Albena, BG, 6-9 September, 2009, (accepted).
*E-mail: rosica.pn@clmc.bas.bg

Keywords: titanosilicate, IR, Raman, DTA-TG
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FUNDAMENTAL ABSORPTION EDGE OF PURE AND DOPER
MgS0O3;.6H,0 SINGLE CRYSTALS

Zh. Bunzarov?, I. lliev?, T. Dimov?, P. Petkova®

'Sofia University, Department of Physics

2Shumen University, Department of Natural Sciences

Absorption spectra of magnesium sulfite hexahydrate (MgS0O3.6H,0), pure and
doped with Co, Ni, Zn have been studied in the spectral range of the fundamental
absorption edge. The investigations were carried out from 200 nm to 350 nm with

linear polarized IightEII(‘:,EDE (c is the optical axis of MgS0O3;.6H,0) which
propagates in the direction (1210). The influence of the Co, Ni, Zn ions on the
spectral position of the absorption edge and the Urbach’s constant has been proved.
The structure of the absorption edge manifests good expressed linear dichroism in

the mentioned direction. The peculiarities of the linear dichroism in dependence of
the impurity ions in the crystal lattice of MgS03.6H,0 are analyzed and discussed.
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X-RAY DIFFRACTION ANALYSIS
OF DECORATIVE CEMENT COMPOSITES

V. Petkova®, V. Stoyanov?, B. Kostova®, I. Donchev*

!Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl. 107, 1113 Sofia, Bulgaria

?|nstitute of Mechanics, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl. 4, 1113 Sofia, Bulgaria

®Department “Earth and Environmental Sciences”, New Bulgarian University
21 Montevideo Str., 1618 Sofia, Bulgaria

ABSTRACT

Due to their superior water-reduction capabilities the polycarboxylate-based
admixtures strongly change the technology for producing Portland cement
composites. The increase both of the dispersion of the cement particles and the
amount of fines allow to create materials with high early-strengths caused by the
dense structure, although the high workability of the fresh mixes.

Based on white Portland cement, three types of cementitious composites were
studied. The density of their structure at 28 and 90 days of water curing were
evaluated by measurement of some physical-mechanical properties such as density,
compressive strength and porosity. X-ray diffraction analysis and scanning electron
microscopy were used to identify the crystal structures and their morphology.

The experimental data show that the cement composites with higher water content
exhibit more variety of new-formed phases, like hydration products of C-S-H type.
The structure of self-compacting type decorative mortars is so dense that there is no
possibility of crystal hydrates development at late curing ages. The use of marble as
filler leads to a partial inclusion of carbonate ions in the new-formed hydrated phases
(carbo-aluminates).

Key words:

polycarboxylate admixture
decorative mortar

white Portland cement

X-ray diffraction analysis
scanning electron microscopy
cement hydration

calcium silicate hydrate
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DIFFERENT LEVEL DFT CALCULATIONS FOR CONFIRMATION
OF STRUCTURAL X-RAY DATA

G. P. Petrova ', P. St. Petkov, H. A. Aleksandrov, G. N. Vayssilov

Faculty of Chemistry, University of Sofia
Blvd. J. Bouchier 1, Sofia 1164, Bulgaria

Defining the structure of different novel materials and heterogeneous catalysts is of
great importance for understanding the properties of these materials, their catalytic
activity, and adsorption capacity. The experimental techniques for determining the
structure of solid state materials are based on X-ray spectroscopy as in many cases
the presence and properties of the activity centers are studied by IR spectroscopy via
applying probe molecules. Different level theoretical simulations have recently
become a powerful method for confirming and/or refining the intimate structure of
newly synthesized materials and for
studying the mechanism of their
catalytic/adsorption action. Hereby, we
present the successful application of DFT
simulations in three challenging research
problems as special attention is paid to the
correspondence between the theoretically
obtained structural data and the available
experimental data: (i) metal clusters
supported on metal-oxide surfaces [1]; (ii)
cationic Zn-containing species in zeolite
[2]; and (i) novel copper-based MOF

materials with potential application for gas

[1] P. St. Petkov et al., J. Phys. Chem. C 114 (2010) 8500.
[2] H. A. Aleksandrov et al., Soft Materials (2010) accepted.
* E-mail : ohgpp@chem.uni-sofia.bg

Keywords: DFT, isolated/embedded cluster and periodic models, heterogeneous
catalysts, MOF

Acknowledgements: This work was supported by the Bulgarian National Science
Fund and the National Center of Advanced Materials UNION. Most simulations were
performed at the Bulgarian Supercomputing Center (www.scc.acad.bq).
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STRUCTURAL CHANGES IN THE SYSTEM NATURAL APATITE -
NH, CLINOPTILOLITE DURING TRIBOACTIVATION

N. Petrova, V. Petkova

Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl. 107, 1113 Sofia, Bulgaria

The obtaining of phosphorous fertilizers from natural apatite through conventional
acid - technologies leads to ecological problems such as an environmental
contamination with solid- and gas- phase waste. This is the reason to find new
nonconventional methods to obtain useful products from low-quality raw materials.
The tribochemical activation of natural phosphate-clinoptilolite mixtures is an
alternative solution of ecological and stuff problems aiming to attain higher degree of
transition of nonassimilated P,Os into assimilated (P,0s%*°) by plants form. Mixtures
of Tunisian phosphorite and NHs-exchanged clinoptiolite from Beli plast deposit
(Bulgaria) (in different ratio) were activated in a planetary mill Pulverisette-5, Fritsch
Co (Germany) for the purpose of this investigation.

Structural changes in the mixtures during activation reflect on the increasing of
solubility of P,Os These changes were studied by XRD and IR spectroscopy as well
as by conventional chemical methods. The obtained results show an ion-exchange
between natural apatite and NHj-clinoptilolite and deformation or rapture of Si-O-Si
and Si-O-Al bonds in the clinoptilolite structure on one hand and defectiveness and
isomorphism in the apatite structure on other hand.

E-mail : nadia5@mail.bg

vilmapetkova@gmail.com

Key words: Natural Apatite, NH,-exchanged clinoptiolite, XRD analysis, IR spectroscopy
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PRELIMINARY STUDY ON ZEOLITIZATION OF BULGARIAN

FLY ASHES: SEM-EDX AND XRD ANALYSES

A. Shoumkova, V. Stoyanova*, Ts. Tsacheva, G. Avdeev

Institute of Physical Chemistry “Rostislaw Kaischew”, “Acad.G.Bonchev” Str., Bl.11, Sofia

Fly ashes (FA) from six Bulgarian coal-burning power plants were hydro-thermally
activated under various conditions. The results indicate successful synthesis of
zeolites on the surface of FA particles. The morphology and surface structure of
typical fly ash-zeolite (FAZ) particles were observed by scanning electron microscopy
(SEM) and compared to those in the initial FAs, previously studied [1,2].

The elemental composition of FA and FAZ particles was examined by energy-
dispersive X-Ray analyses (EDX). The chemical composition of the bulk materials
was evaluated on the base of the integral spectra (of several thousands of particles).
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The mineral phases in the raw materials and FAZs were analyzed by X-Ray
Diffraction (XRD) spectroscopy, confirming the presence of Sodalite, Zeolite P, etc.
As the degree of zeolitization and the quality of synthesized FAZs are determined in
a great extend by the composition of the initial FAs, additional optimization of
treatment conditions has to be carried out. Such investigations are in progress.

[1] A. Shoumkova, PhD Thesis, UCTM, Sofia, 2006.
[2] A. Shoumkova, Journal of UCTM, 2006, Vol. 41, Ne 2, 175.

*E-mail: valeria@ipc.bas.bg
Keywords : Fly ash, Zeolite, SEM-EDX, XRD
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MODELS OF STEP BUNCHING DUE TO STEP-STEP ATTRACTION

D. Staneva, B.Ranguelov, V.Tonchev’

Institute of Physical Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Recently we constructed [1] a novel ad hoc model, LW2, of unstable vicinal motion to
tackle with the problem of step bunching due to step-step attraction. This model
evolves from another model, LW, introduced by Liu and Weeks [2]. The equation for
step velocity in LW contains two opposite tendencies — destabilizing one which
accounts for the anisotropy of surface kinetics and stabilizing one, due to step-step
repulsions of various nature with energy of the type U ~d™, d being the step — step
distance, n is usually 2. The procedure of new model construction [3] refashions the
equation for step velocity of a known model by substituting it's destabilizing term with
a new one similar to the stabilizing term but with opposite sign and (eventually)
different exponent. The result is:

%~ K (2g: - gi-1 - 0i41)+U 25 = -1~ ) (Lw2)
where f, = (1/ A% )™ = (1/ A% )™, g = (/8% )P - (17 A% 41)P, and A =X - %_qis
the distance between steps that are nearest neighbors, K (U) is the generalized
strength of step-step attraction (repulsion). The computational procedure is to
integrate numerically the equation(s) for step velocity thus obtaining the individual
trajectory of every step out of thousands and then to analyze the complex surface
pattern [4]. LW2 shows the same unusual type of step bunching as reported in [3] in
which the surface slope in the bunch is not function of the number of steps N in it.
Thus, in order to distinguish between models one needs the time dependence of N to
find the exponent B: N~t # . Our studies have shown [1] that for LW2 B is ~0.18 when
p=0.5. Here we report two principal results: (i) B(p=0)=8, =1/5 and (i) S =Ly - p/50

for non-zero values of p. Our results would permit to find the exponent of step-step
attraction p in real experiments as these carried out in electrochemical conditions [5]
where the same type of step bunching [1, 3] was observed.

[1] D. Staneva et al., Nanoscience and Nanotechology 10 (2010) 11.
[2] D.-J. Liu and J. D. Weeks Phys. Rev. B 57 (1998)14891.

[3] B. Ranguelov et al. Nanoscience and Nanotechnology 6 (2006) 31.
[4] V. Tonchev et al., EPJB 73 (2010) 539.

[5] M.Giesen, private communication, 2006.

*E-mail: tonchev@ipc.bas.bg

Keywords: step bunching, step-step attraction, numerical modeling;
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QUANTITATIVE ANALYSIS OF GARNET SOLID SOLUTIONS FRO M
SKARN ZONES USING RIETVELD-BASED XRD METHOD

Y. Tzvetanova’, O. Petrov

Institute of Mineralogy and Crystallography “Acad. lvan Kostov” — BAS

The relative quantity of the constituent minerals in a sample of rock is not only
important for classification and to determine paragenesis, but is also essential for
characterization, economic extraction, and concentration of potentially valuable
minerals.

All studied samples originated from the zoned calcic skarns included in monzonites
from Zvezdel pluton, Eastern Rhodopes. The electron microprobe study of the garnet
and garnet-pyroxene zones shows presence of three types of garnets: melanites with
TiO, content of 8 to 11 wt.% and andradite component (CasFe,Siz0;,) from 63 to 84
wt.%; grossular-andradites with andradite component from 46 to 54 wt.%; and
garnets with high content of grossular (CazAl,Siz01,), 70—-80 wt.%.

The samples from garnet and garnet-pyroxene skarns, containing up to seven
phases (garnets, pyroxene, calcite, quartz, chlorite, plagioclase, prehnite), were
analyzed with the Rietveld method (FullProf Suite Program 2009). Step-scan X-ray
powder diffraction data were collected over a range of 4-80 26 with CuKa radiation
on D2 Phaser — Bruker AXS Bragg-Brentano diffractometer operated at 30 kV and 10
mA with a step size of 0.02 26 and a counting time of 4 s/step.

Refinements for quantitative phase-analysis were done in the following general
sequence: zero-shift parameter, scale factors for all phases, background polynomial
parameters, unit cell dimensions of the phases, asymmetry parameters, and
preferred orientation parameters for phases with marked grain-shape anisotropy.
Phases in concentrations greater than about 20% were refined further for site
occupancies and overall temperature factor alternatively, depending on the
composition of the sample.

The results were compared to mineral quantities determined with a whole-rock
chemical analysis and projection method (weight fractions of whole-rock oxides
converted to mineral abundance through a change of basis that invoked additive and
exchange components on a molar basis).

The determinations of mineral quantities by the two methods are in good agreement.

* E-mail: yana.tzvet@gmail.com

Keywords: Rietveld refinement, quantitative analysis, skarn minerals
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STRUCTURE STABILITY TOWARDS CATION SUBSTITUTIONS IN
A;B,0s PEROVSKITES WITH CRYSTALLOGRAPHIC SHEAR
PLANES

Peter Tzvetkov!”, Daniela Kovacheva?, Diana Nihtianova®?, Todor Ruskov®

! Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences
1113 Sofia "Acad. Georgi Bonchev" str. bld.11

2 |nstitute of Mineralogy and Crystallography, Bulgarian Academy of Sciences
1113 Sofia "Acad. Georgi Bonchev" str. bld.107

® Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences
1784 Sofia "Tzarigradsko chaussee" 72 Blvd.

New perovskite-related compounds with general formula Pb,.,BasFe;,Co,Os
(0.67<x<1, O<y<1) were prepared by solution-combustion technique. The compounds
were characterized by X-ray powder diffraction, SAED TEM and °’Fe Méssbauer
spectroscopy. The structure is closely related to other perovskite-derived structures
such as CayFeAlOs and Ca;Mn,Os and can be described as an anion deficient
perovskite in which half of the B** cations are located in the octahedral coordination
with as in the prototype perovskite structure and the other half are five-coordinated in
distorted tetragonal pyramids. The pyramidal coordination is formed by glide of one
perovskite block towards the previous one at b/2 along [010] direction as a result of
ordered oxygen vacancies. The pyramids share common edges and form double
chains and channels between them along the b-axis. Inside the channels Pb?
cations are located coordinated by six oxygen atoms and one 6s? electron lone pair
of the lead atom. The second large cation position is situated within the perovskite
block and has mixed occupancy by Pb* and Ba?* ions. The study reveals that
substitution of iron by cobalt is possible only at high substitution levels of lead by
barium. The influence of the composition on the structural parameters and stability of
the structure is discussed.

* E-mail : p-tzvetkov@gmx.net

Keywords: perovskites, crystallographic shear planes, cation substitutions
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13C SOLID STATE NMR SPECTROSCOPY APPLICATIONS

ON SOME MODEL ORGANIC COMPOUNDS

P. Tzvetkova', S. Simova

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of
Sciences, Acad. G. Bonchev, str., bl. 9, 1113 Sofia, Bulgaria

Continuous methodical advances and developments made solid state NMR
spectroscopy a powerful tool for the investigation of various materials, including
pharmaceutical formulations, polymers, glasses, zeolites, fullerenes, and many
others. During the past decade, solid state NMR spectroscopy found increasing
interest for the study of biomolecules. Occasionally, **C solid state spectra serve as
spectral fingerprint, so that identification can solely be based on one dimensional
NMR experiments. In most cases multidimensional NMR techniques have to be
applied in analogy to liquid state NMR spectroscopy in order to resolve the various
signals and to extract structural information from the spectra. Usually, most NMR
experiments in organic chemistry are performed on liquid state samples, however,
solid state NMR is emerging as a better choice for some studies. The combined use
of cross polarization (CP) and magic angle spinning (MAS) provides sufficiently high
resolution, comparable with the one observed in solution **C NMR spectra.

We studied several selected model organic compounds with NMR spectroscopy
methods both in the liquid and in the solid state. *3C solid state NMR experiments are
recorded on the recently acquired Bruker Avance II+ 600 MHz spectrometer using a
4 mm dual CP/MAS probehead with spinning rate up to 15 kHz. Information, provided
from the spectra in liquid and solid state (1D and 2D techniques) will be compared
and discussed.

* E-mail: pyc@orgchm.bas.bg

Keywords (2 or 3 keywords corresponding to the study): liquid state NMR, solid state
NMR, small organic compounds
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AN EXTINCTION-FREE TECHNIQUE FOR POLE DENSITY
MEASUREMENTS OF TEXTURES BY XRD

I. Tomov, S. Vassilev*
t«Acad. J. Malinowski” Institute for Optical Materials and Technologies,

ZInstitute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences

Characterisation of textural anisotropy is based on using pole density (texture factor) P that is

a quantity normalized in multiples of random distribution of crystallographic orientations [1].

As diffraction and extinction are indissolubly linked [2], the pole density P, determined by

using the well-known definition P,=I,/I, is affected by an extinction-induced systematic error

in the measured intensities I, and |, of the same reflection of textured sample and powder

standard, respectively. The purpose of this study is to overcome the inherent deficit of

precision in the above definition and to substantiate a radically novel definition that is

equivalent to a kinematical definition P=ly/l; . TO this end, the coefficient k=2gu/PlyS is

used: here g is the secondary extinction coefficient, u is the linear absorption coefficient, |y is

the intensity of the incident X-ray beam, and S is its cross section [3]. The nullifying of the

extinction effect is based on k independence of |, that is due to its nature: Actually, k has

dimension of reciprocal volume scanned during the XRD measurement. This volume is

inversely proportional to the density P of the <hkl> poles of the crystal planes contributing to

the reciprocal space node Py, as shown

in the figure. According to the

diffracted beam relationship between reciprocal and real

space, the quantity 1/k corresponds to

k fom™] the real space and defines the crystalline

volume contributing to reflection. As the

i Udyg = dig crystalline volume is independent of I,

A \ v s 1 so also k is independent of l,. Suppose

1k [em?] the equality ki=k;- is defined by lp; and lg

».- wavelength caused respectively by the values i and

i* of the generator current. The equality

read that as the scanned volume so also related to it diffraction and, hence, extinction effects

are nullified. Whereas this treatment is a simple description of a novel technique, the single

reflection method [3] is a proper tool for implementation of this technique for experimental

determination of k; and k;- and, hence, P. The results show a very good coincidence between

the data determined by this technique and that one based explicitly on the kinematical
approximation.

incident beam

[1] Bunge, H. J., Texture Analysis in Materials Science. London, 1982: Butterworths. [2]
Mathieson, A. McL. (1979). Acta Cryst. A35, 50-57.

[3] Tomov I., Z. Kristallog. Suppl., 2007, 26, 131.
*E-mail: sashov@excite.com
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HYDRIDING AND DEHYDRIDING OF Mg,;Ni-AB NANOCOMPOSITES

SYNTHESIDE BY BALL MILLING

Z. Zlatanova*, T. Spassov, M. Spassova
Faculty of Chemistry, University of Sofia “St.KI.Ohridski”, 1164 Sofia, Bulgaria

The present work deals with the hydriding and dehydriding of MgzNi-AB (AB = TiFe
and TiNi) nanocomposites, prepared by mechanical milling. The as-produced
composites are characterized using x-ray diffraction and electron microscopy. The
morphologye, microstructure, thermal behavior and the possibility for hydriding and
dehydriding of these materials are systematically studied. Different synthetic
conditions are applied with the aim to optimize the hydrogen storage properties of the
composites.

The hydriding ability of the materials is determined using two methods -
electrochemical hydrogen charge/discharge and differential scanning calorimetry
under hydrogen pressure. A number of experimental conditions are varied, incl.
temperature, pressure, charge/discharge current density etc. The parameters, which
have the most significant influence on the hydriding process are defined and
confirmed. The gas phase analysis reveals very low temperatures of the composites
hydrogenation. The results obtained allow us to make some essential conclusions for
the hydriding processes of this type of composites.

*E-mail: nhtzz@chem.uni-sofia.bg
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SYNTHESIS OF BISMUTH BORATES FROM GLASSES IN THE
SYSTEM M003-Bi203-8203

A. Bachvarova-Nedelcheva®’, R. lordanova’, L. Aleksandrov' and Y. Dimitriev?
! Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
“Acad. G. Bonchev”, bld. 11, 1113 Sofia, Bulgaria

2 University of Chemical Technology and Metallurgy, 8 K. Ohridski blvd., 1756 Sofia,
Bulgaria

Borate glasses and crystals containing heavy bismuth oxide have received increased
attention in the recent years due to their several outstanding properties like high
density, refractive index and very high coefficient for nonlinear phenomena (second
and third harmonic generation). Among several inorganic borate crystals for
applications in non-linear optical devices, bismuth triborate (BiBO3) phase is known to
have the highest coefficient for second harmonic generation (2.5-7). The literature
review revealed that the presence of rare-earth ions can greatly improve the
nonlinear optical properties of bismuth-borate glasses, but leads to increasing in the
melting temperature. In our previous studies it was established that MoOs increases
immiscibility tendency in the systems investigated. On the other hand we found that
MoO3 could be a suitable component to decrease the melting temperatures and
modifying the properties of such type of materials. That is why the ternary system
Mo0O3-Bi,O3-B,03 was chosen as a subject of this study.

The aim of the present work is to synthesize bismuth borates by crystallization of
glasses. Several bismuth boromolybdate glasses were selected and heat treated at
530°C for different exposure times according to the DTA data. Formation of pure
BiBO3, mixture of BisB,Og and Bi,M0oOg has been established by x-ray diffraction
(XRD). By infrared spectrscopy (IR) formation of BiBOs was confirmed. The
microheterogeneity and the size of the crystals were determined by Scanning
Electron Microscopy. The achieved results are directed for the preparation of novel
low melting oxide materials with possible applications in the optics.

* E-mail: albenadb@suvr.igic.bas.bg
Keywords: crystallization, glasses, x-ray diffraction
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Absract

First principles of density function theory is compution method for simulation
effective strucrture of study matirial, based on mathematical codes Abinit that
determine wave equation of Shrodinger for multi-atomic system.These codes use fast
iterative techniges for diagonalization of the DFT Hamiltonian and allow performing
total energy calculations and structural optimization of multi-atom system. The goal
here is to combine actual synthesis with the computational “virtual laboratory” in
order to quickly build a
Properties matrix for the compounds of interest and to reduce costs in the
development of novel substance

Email:tanya_malakova@yahoo.com

Key words:numerical simulation with ab intio,crystallographyc structure and

properties.
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POLYCAPROLACTAM

H.Uzov, B.Bogdanov, Y.Denev, V.Velev!, A.Popov
“Prof. Assen Zlatarov” University-Burgas, 8010 Burgas, Bulgaria

lKonstantin Preslavski” University-Shumen, 9712 Shumen, Bulgaria

ABSTRACT

Using geometrical an power structure—sensitive methods it Is investigated the
polymorphism of polycaprolactam and other flexible chain polymers, as well as
composition on their basis, too. There are applied different methods as high
temperature X-ray, microscopic, spectroscopic, calorimetrical, heat-mechanical etc.
There are mostly studied the deformation and destruction of the elementary cells of
the polycaprolactam basic crystal forms. By change of the intensity distribution of the
powder X-ray diffraction there are controlled as the profile and angle deviation on
different diffraction reflections, as well as the alterations in the packing of the
macromolecular chain segments in the crystal phase. There are defined the critical
deformation values caused the polymorphic transitions. The present results are
connected with the crystal phase perfection and with the quantitative proportion of
the simultaneously existed crystallographic modifications in the studied objects at the
given conditions. There is supposed a mechanism of structural development

connected with the specificity in the H-bonds redistribution at the polycaprolactam.

Keywords: polycaprolactam, thin films, structure, polymorphic transitions, X-ray diffraction.
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