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AZONAPHTHOL TAUTOMERIC SWITCHES — INDIVIDUAL ENOL
STRUCTURES'

V. B. Kurteva'”, L. M. Antonov?, K. M. Fromm?, R. P. Nikolova®, B. L. Shivachev®

! Institute of Organic Chemistry, Bulgarian Academy of Sciences, Acad. G. Boncheuv str., bl.
9, 1113 Sofia, Bulgaria

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

® Institute of Mineralogy and Crystallography “Acad. Ivan Kostov”, Bulgarian Academy of
Sciences, Acad. G. Bonchev str., bl. 107, 1113 Sofia, Bulgaria

Azonaphthol dyes, well known ever since 19" century, are among the most widely
examined coloring and signaling systems due to their optical stability. However, keto
and enol forms coexist in solution and the pure individual tautomers have never been
observed at room temperature.

Our conceptual idea was to fix 4-(phenyldiazenyl)naphthalen-1-ol in enol form by
implementation of a flexible side-chain capable to form a hydrogen bond with the
enol hydroxyl [1,2]. The products possessing cyclic amine substituents distant by a
methylene group were obtained as pure enol tautomers (1), which were fully
converted into keto compounds by protonation or complexation associated with clear
indications. However, the selectivity towards different metals was relatively low due to
the contribution of the side-chain nitrogen in the complexation, as shown by X-ray (2).
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When more rigid amide side-chain was incorporated (3), the X-ray analysis proved
that the neutral product exists in dimeric keto-form and that the proton is delocalized
between the azo-group nitrogen in one and amide carbonyl in the other monomer.

[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.

" The financial support by The Bulgarian Science Found, projects TK-X-1716, UNA-
17/2005, and RNF-09-0032, is gratefully acknowledged.

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

Keywords: azonaphthol tautomeric switches, active side arm, X-ray
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USE OF TIME-RESOLVED X-RAY SCATTERING METHODS FOR
INVESTIGATION OF STRUCTURAL FORMATION IN POLYMER
LIQUID CRYSTALS

G. Exner ", B. Katerska?, E. Perez®

! Department of Experimental Physics, Faculty of Physics, University of Plovdiv, 24
Tzar Assen Street, 4000 Plovdiv, Bulgaria

2 Faculty of Medicine, Medical University of Sofia, Sveti Georgi Sofiiski blvd. 1, 1431 Sofia,
Bulgaria

®|nstituto de Ciencia y Tecnologia de Polimeros (CSIC), Juan de la Cierva 3, 28006
Madrid, Spain

Thermotropic liquid crystals are materials which can form liquid crystal states as well
as real three dimensional states during cooling and/or hearing [1]. To monitor the
process of phase formation the newest techniques are needed, as the processes are
usually very fast and require measurements in a very short time intervals. The
present study demonstrates the usage of X-ray scattering in three different scattering
angles intervals (Small-, Middle- and Wide- angle scattering intervals), which all
together depict the overall structural transformation from isotropic melt via smectic
liquid crystal phase down to real three dimensional crystals in two different materials
from poly(bibenzoate) series, namely P6MB and P7MB [2,3].

[1] Liguid Crystal Polymers: From Structure to Applications, Edited by A.A. Collier,
Elsevier Applied Science, (1992)

[2] B. Katerska, G. Exner, E. Perez, Krasteva M.N. Euro. Pol. J. 46/7 (2010) 1623

[3] G. Todorova, M. N. Krasteva, E. Perez, J. M. Perena, A. Bello, Macromolecules
37/1 (2004) 118

* E-mail : todorova_ginka@yahoo.com

Keywords: polymers, liquid crystals, X-ray scattering
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TEM STUDY OF NANOSIZED Al ;(WQ,)3

D. Nihtianova®?', N. Velichkova?, R. Petroval, V. Nikolov?

! Institute of Mineralogy and Crystallography, Bulgarian
Academy of Sciences, Acad. Georgi Bonchev Str., bl. 107,
1113 Sofia

Z Institute of General and Inorganic Chemistry, Bulgarian
Academy of Sciences, Acad. Georgi Bonchev Str., bl.11, 1113
Sofia

Aluminum tungstate Al,(WQ,); is a promising material for laser applications. It
belongs to the materials with a low coefficient of thermal expansion. Nanosized
aluminum tungstate, Al,(WQ,)s, is prepared by a precipitation reaction between
Na,WO, and AI(NOs)s. The structure of the precipitated composition is determined by
TEM (SAED, HRTEM).

TEM investigations are performed by standard procedure with electron microscope
JEOL 2100 at accelerating voltage 200 kV. Initial product is amorphous and
composes of 20 - 25 nm well defined particles. This amorphous product converts into
crystalline one after 5 hours heating at 630°C. Several crystallographic sections are
obtained by SAED for Alx(WO,); PDF 81-2415: [010], [012], [021], [211] and [112].
Alx(WO,)3 is a main phase for crystalline product, but some impurities of WsO;4 PDF
71-0292 are observed in orientation [001].

Several HRTEM images are obtained to reveal some details of microstructure at unit
cell level: in orientations [010],[012] for Al;(WO4)3; and [001] for W5O1a4.
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DIFFUSION - LIMITED AGGREGATION WITH MODIFIED LOCAL
RULES AND PARTICLE GENERATION

B. Ranguelov?, V.Tonchev!*, R.Yakimova?,

!Institute of Physical Chemistry, Bulgarian Academy of Sciences
2IFM, Linkoping University, Linkoping, Sweden

We report results from models of diffusion controlled growth in which in the well
known local rules and particle generation of the diffusion limited aggregation (DLA)
model [1 and references therein] are introduced various modifications. For the case
of one particle growth the main modification is that the particles are released into the
whole circle not only on the birth circumference. The consequences during the
growth process are morphology transitions from fractal to dense or to linear. This
modification is designed to reproduce situations in which the particle deposition
continues after the beginning of the growth.

When building the aggregate from two particles, the possibilities for modifications
increase. The first one we apply is to generate particles not from a circumference but
from a profile that is roughly similar to the form of the growing aggregate. Another
modification mimics the restrictions coming from a confinement — if a particle is 'killed'
it is returned in the region where is being generated and not on a random site from
the generating profile. The main consequence of these two modifications plus the
use of zero cross-sticking coefficients (a particle aggregates only to a particle from
the same kind) is that one can generate both fractal and spiral structures with
changing the parameter values as shown below.
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[1] V.Tonchev, R.Yakimova, Chemistry 17 1 (2008) 47.

E-mail : rangelov@ipc.bas.bg
Keywords:DLA, fractals, spirals
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EXTINCTION IN TEXTURES: NULLIFYING THE EXTINCTION E FFECT

I. Tomov

“Acad. J. Malinowski” Institute for Optical Materials and Technologies,
Bulgarian Academy of Sciences, Acad. G. Bonchev St., Block 109, Sofia 1113, Bulgaria

Accounting for secondary extinction in a crystallographic direction, a straightforward
approach is devised for characterizations of textures by XRD. Gaining insight into the
relationship (NpoHWKBaKkM B CbLUHOCTTaA Ha Bpb3kaTta mexay) between empirical
extinction coefficient k [1] and the secondary extinction (SE) coefficient g [2], this
approach makes use of the non-linear damping of Bragg peak intensity due to
secondary extinction. It is shown that while g is proportional to the incident-beam
intensity, k is independent of the same intensity. Based on the invariability of the k-
coefficient with respect to the incident-beam intensity, the extinction effect is nullified
by equating two expressions of k. It is shown that by controlled diminishing the
intensity of the incident beam, two scans of the texture peak should be taken to arrive
at a system of independent equations, from which the k coefficient may be deduced
and the measured intensities can be converted into kinematical intensities,
respectively. Variety of techniques representing extended version of this approach
are used for verification of its internal consistency. Actually, the key results that will
be discussed during the problem presentation summarize our changed views on the
nature of SE. Special attention is paid for revealing that the texture factor P accounts
comprehensively for the crystallographic, textural and microstructural anisotropies in
terms of the loading density (the number of atoms per unit area of a network plane).
Further, it is illustrated that the SE correction offers a possibility either existing
methods for texture characterizations to be reconsidered and extended or new ideas
to be developed. At the end, it is concluded that no problem related to using the
integral intensity corresponding to the main texture component can be solved
correctly if the SE is not taken into account.

[1] C. G. Darwin, Phil. Mag. 43, 800 — 824 (1922)
[2] W.L. Bragg, R.W. James & C.H. Bosamquet, Phil. Mag. 42, 1-17 (1921)

E-mail: iv_tomov@yahoo.co.uk

Acknowledgment: This work was patrtially supported by the National Science Fund of
Bulgaria under Contract No. X-1507/2005.

Keywords: texture, extinction.
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ARE THE GLASS-CERAMICS NON-POROUS MATERIALS?

Alexander Karamanov

Institute of Physical Chemistry, Bulgarian Academy of Sciences,
G. Bonchev Str. Block 11, Sofia, 1113, Bulgaria

Until now the glass-ceramics are considered as non-porous materials. This presumes
that the crystallization volume variation, AVcgr, accompanying the transformation of a
disordered amorphous arrangement into more dense crystalline structure, must leads
to crystallization shrinkage, Scg. However, in the present work it is demonstrated that
only a part of AVcg is related to crystallization shrinkage, while another part is
transformed into new induced crystallization porosity, Pcr.

Results with two diopside sintered glass-ceramics, which compositions are
characterized by surface and bulk crystallization, respectively, are discussed. In the
case of surface crystallization 3-4 vol % closed intergranular residual porosity and 8-9
% additional intragranular induced crystallization porosity are formed in the final
material. When bulk crystallization takes place the densification process is inhibited,
resulting in high amount of open porosity and 5-6 % Pcg.

It was highlighted that the formation of crystallization induced porosity starts after the
end of sintering; after that Pck amount increases as a function of percentage of
crystal phase. This behaviour is explained by huge rise of apparent viscosity during
the crystallization. Since similar phenomenon avoids the deformation of glass-
ceramics during their production cycle it is supposed that the formation of nano- and
micro- crystallization induced porosity might be expected in several glass-ceramics
systems.
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INTERPLAY BETWEEN THEORETICAL AND SPECTROSCOPIC
METHODS FOR STRUCTURAL DETERMINATION COMPARED WITH
CRYSTALLOGRAPHIC DATA — A CASE STUDY ON
DITHIOHYDANTOINS

Anife Ahmedova

University of Sofia, Faculty of Chemistry, 1, J. Bourchier av, Sofia 1164, Bulgaria

A combined approach of quantum chemical calculations and **C NMR (in solution
and solid state) and X-ray diffraction data was used to describe the structure of a
series of six substituted spiro-5-2,4-dithiohydantoins and two cycloalkanespiro-5-2-
thiohydantoins. The main focus of this study was the effect of intermolecular
interactions on the spectroscopic (NMR) characteristics. Thereby, NMR chemical
shifts were measured for solution and in solid state. The obtained data reflect the
involvement of the heteroatoms of the hydantoin rings in intermolecular interactions,
namely intermolecular hydrogen bonding. Furthermore, the NMR shielding constants
were computed for the B3LYP/6-31G** optimized geometries employing the GIAO-
B3LYP/6-31G** method. Different models of the starting geometries were used in
order to take into account the intermolecular interaction present in the crystal
structures. Additionally interactions with solvent molecules were also modeled.
Excellent correlations between the calculated (B3LYP/6-31G**) and the experimental
13C CPMAS NMR shifts were obtained (correlation factors of 0.99). Nevertheless,
critical comments on advantages and problems arising from the gas-phase quantum-
chemical description of experimental data obtained in solution or solid state will be
given.
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MOLECULAR MODELING OF HYBRID-SPIN MAGNETICS

Silviya Ninova*, T. Miteva, J. Romanova, A. lvanova, A. Tadjer, M. Baumgarten#

Sofia University “St. Kliment Ohridski”, Faculty of Chemistry, Department of Physical
Chemistry, 1 James Bourchier Blvd, 1164 Sofia. E-mail: sylvia.ninova@gmail.com

*Max Planck Institute for Polymer Research, 10 Ackermannweg, D-55021 Mainz, Germany

In the last two decades there has been an intensive quest for magnetic materials
based on organic substances with the aim of integrating them in electronic devices
and computer technologies. The main objective of the molecular design in this
direction is the obtaining of stable magnetic systems with high Curie temperature.
Magnetism is a cooperative phenomenon and requires the presence of a spin lattice,
l.e., of a crystal structure. A possible classification of the magnetic systems is:
entirely inorganic, purely organic and organic-inorganic (hybrid-spin). The latter form
molecular crystals and are the most promising candidates for novel magnetic
materials, the organic component allowing fine tuning of the desired properties.

The present study comprises two parts. The aim of the first one is to investigate the
building blocks of experimental structures possessing magnetic (ferro- and
antiferromagnetic) properties and to determine the nature of the exchange interaction
and the factors governing it, such as topology, symmetry, geometry, electron and
spin density distribution, type of magnetic orbital of the metal ion. The next step is to
examine model single complexes, subjecting them to geometry optimization and
comparing the results with the experimental crystallographic data. The DFT functional
UB3LYP with different basis sets is used.

In the second part, the investigation addresses a variety of stable organic radicals,
testing their suitability for ligands in Cu(ll) hybrid-spin complexes. The radicals have
as common feature a pyridine ring but they differ in the unpaired-electron-bearing
fragment. Two of the positional isomers of the radicals are examined — meta- and
para-substituted with respect to the N-atom of the pyridine ring. Two approaches for
preliminary screening are followed in the choice of structures: a) geometry
optimization starting from a model initial structure and b) stepwise change of the
dihedral angle between the radical centre and the pyridine ring, which is of
considerable importance for the degree of localization of the magnetically active
electrons [']; next, selected conformers are subject to full geometry optimization. The
DFT functional UB3LYP and 6-31G* basis set are employed in both strategies. The
Mulliken atomic spin density distribution is assessed in order to quantify its value at
the N-atom of the pyridine ring — a key factor [?] for the efficiency of the exchange
interaction with the copper ion: a high value is an important requirement for the
purpose. Based on molecular orbitals analysis, a prediction about the magnetic
properties of model complexes is made derived from the pattern of coupling between
the radicals and the metal ion.

[1] T. Miteva, J. Romanova, A. lvanova, A. Tadjer, M. Baumgarten, European Journal
of Inorg. Chem., 2010, 379-390

[’] J. Romanova, T. Miteva, A. Ivanova, A. Tadjer, M. Baumgarten, Phys. Chem.
Chem. Phys.,11, 2009, 9545-9555
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Ti** COODINATION IN LiMn ,,,Ti,O4 SPINELS

K. Petrov'”, G. Avdeev?

! Institute of General and Inorganic Chemistry, Bulgarian Academy of Scienses, “Acad. G.
Bonchev” street, Bl 11, 1113-Sofia, Bulgaria

Z Institute of Physical Chemistry, Bulgarian Academy of Scienses, “Acad. G. Bonchev” street,
Bl 11, 1113-Sofia, Bulgaria

A compilation of published X-ray and neutron diffraction crystal structure data for
LiMn,.yTiyO4 (0 <y < 1.0) cubic (Fd3m) spinels has been reviewed. The observed
lattice parameters a, oxygen positional parameters u, tetrahedral (La) and octahedral
(Lg) bond lengths have been analyzed as a function of y. It has been found that with
increasing y, a increases, u remains practically constant, while both L, and Lg
increase. The observed parameters have been compared to their corresponding
theoretical values uc, (La) and (Lg), calculated in hard-sphere approximation for two
basic model cation distributions: () - (LiitTi)[Li;Mn,.yTi1.]JO4, allowing occupation of
the tetrahedral (8a) sites by Li* and Ti** [1], and (Il) - (Li1.nMnm)[LimMnz.myTiy]O4,
allowing occupation of the (8a) sites by Li* and Mn*? [2]. Large discrepancies
between calculated and observed data have been detected for the first model: Strong
negative deviation of uc and (La), substantial positive deviations of (Lg), and
anomalous high positive deviation of bond valence sum (BVS) for the tetrahedral site.
The second model yielded oxygen parameters, bond-lengths and BVS values
consistent with the experimental data. Comparative XPS measurements of Ba,TiO,
and TiO, (anatase) - reference samples for Ti** in tetrahedral and octahedral
coordination respectively, gave no evidence for presence of tetrahedral Ti** in
LiMnTiOg4. The structured formula of model (ll) is argued by: (i) the trivial propensity
of Mn*? to disproportionation, (ii) the appropriate tetrahedral ionic radius of Mn?* and
(iif) the much higher octahedral site preference energy (OSPE) of the rest of cations
(Mn*3, Mn**, Ti**), to whom Mn*? readily relinquishes the (16d) sites. In contrast, no
physical or crystal-chemical arguments nave been adduced in favour of model (I)
which tolerates partial occupation of (8a) sites by Mn*? and Tii** Hence model (Il) is
more realistic than model (1).

References

[1] M. A. Arillo, G. Cuello, M. L. Lopez, P. Martin, C. Pico, M. L. Veiga, Solid State
Sciences, 7 (2005) 25.

[2] K. Petrov, R. M. Rojas, P. J. Alonso, J. M. Amarilla, M. G. Lazarraga, J. M. Rojo,
Solid State Sci., 7 (2005) 277.

E-mail : kostak@svr.igic.bas.bg

Keywords: spinels, LiMn,-,Ti O4, cation distribution,

34



IPNCS, October 21-23, Sofia, Bulgaria OP_11

SINGLE-CRYSTALS OF MAGNESIUM SULFITE
HEXAHYDRATE DOPED WITH NICKEL — STRUCTURE, DENSITY
AND OPTICAL PROPERTIES.

Gianluca Giorgi®, Lyudmil Lyutov®, Georgi Lutov

(1) - Universita Degli Studi di Siena - via A. Moro - 53100 Siena, Italy; e-mail:
ciads@unisi.it

(2) - Sofia University “St. KI. Ohridski” J. Bourcher st. 1, Sofia, Bulgaria; e-mail:
nhll@chem.uni-sofia.bg

MgS03;.6H,O is a crystalline compound which possesses notable optical
properties, which make possible its application in modern high technologies. Single-
crystals of the compound can be obtained by method which combines chemical
reaction and polythermic growth from low-temperature water-based solutions. The
chemical reaction is as follows:

MgC|2 + Na,S0O3 — MgSC)3 + NaCl

where, in order to prevent mass crystallization, HSO3™ ions are added. They
apparently widen the metastable zone and hinder the process by increasing solubility
(similarly to calcite). HSO’; ions can be brought into the system by adding Na;S,05
as follows:

Na,S,05 — 2 Na* + S,057
S,05% + H,O — 2 HSO3

The crystallization process can be best conducted at temperature 53-46 °C. At
higher temperatures MgS0O3.6H,0 is prone to turn into MgS03.3H,0. Crystal growth
lasts 20-25 days, where the temperature is gradually lowered by semi-automatic
device.

The apparatus allows growth of crystals with maximum length of the basal
edge of trigonal pyramid 30-40 mm.

For a first time we have started research on single-crystal growth of
MgS03.6H,0 with isomorphic inclusion of Ni?* u Co?" ions. It is supposed that these
ions would influence the main physical and optical properties of the crystals, such as
refractive index, range of optical transparency, magneto-optical properties etc. We
have obtained single crystals of MgS0O3.6H,O with included 2-5% Ni%* ions, where
nickel is added by NiCl.6 H,O. The process starts with mixing the Mg- and Ni-
bearing solution with the one containing SOs* and S,0s> at 50-60 °C, followed by
gradual cooling the joint-solution until it reaches room temperature for a few days.
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USING OF HYDROTALCITE FEATURES IN POWDER X-RAY
DIFFRACTION STUDIES OF NATURAL SAMPLES

Ts. Stanimirova

Sofia University “St. Kliment Ohridski”, Faculty of Geology and Geography, 15 Tzar
Osvoboditel blvd. 1000 Sofia, Bulgaria

Two hydrotalcite specimens from the Snarum deposit (Norway) and the Rudogorsk
deposit (Russia) are investigated. The specific morphological features, thermal phase
transitions and variable chemical composition of mineral hydrotalcite are used in
powder X-ray diffraction investigation to determine the mineral association and to
characterize the hydrotalcite (Mg:Al ratio, anion composition) in the two investigated
specimens.

Morphology features. The plate morphology of hydrotalcite was used to prepare well
ordered and disordered samples. A new created method for checking and specifying
the indexing by means of computer subtraction of powder X-ray diffraction patterns
obtained from samples with different preferred orientation of the particles is used. In
Snarum’s specimen three morphological varieties of hydrotalcite are established
whereupon the 2H, 3R and 6R polytype modifications are obtained. The hydrotalcites
from Rudogorsk’s specimen were determined only as 3R polytype.

Chemical features. Following the linear dependencies of the parameters a and ¢ from
Al content the cation ratio Mg:Al for the investigated hydrotalcite morphological
varieties in both investigated specimens was determined to be 2.3-2.0. On the basis
of influence of anionic species on the c parameter is found that the all polytypic
varieties of hydrotalcite from Snarum and main amount of hydrotalcite from
Rudogorsk contain only COj3 as interlayer anions. Small amounts of hydrotalcites with
SO4 and mixed SO4-CO; interlayer anions are obtained in specimen from
Rudogorsk.

Thermal features. The specific thermal phase transition of hydrotalcites with di- or
trivalent oxo-anions at moderate temperature treatment (200-250°C) characterized by
basal spacing contraction is used for precise determination of the mineral association
of Rudogorsk’s specimen. It is found that in addition to the mineral lizardite
registering through standard X-ray analysis, the presence of minerals chlorite and
appophylite is revealed. Using this phase transition it is proved that the investigated
samples are hydrotalcites with carbonate, sulfate or mixed sulfate-carbonate charge
balancing interlayer anions.

Keywords: hydrotalcite, polytype, thermal behavior
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JOHACHIDOLITE, CaAl[B 30;], A MINERALOGICAL AND
STRUCTURAL PECULIARITY

Milen Kadiyskil*, Thomas Armbruster*, Detlef Guinther?, Eric Reusser® and Adolf
Peretti*

! Mineralogical Crystallography, Institute of Geological Sciences, University of Bern, Freiestr.
3, 3012 Bern, Switzerland

2 Laboratorium fiir Anorganische Chemie, ETH Hénggerberg, HCI, 8093 Ziirich, Switzerland
% Institut fiir Mineralogie und Petrographie, ETH-Zentrum, 8092 Ziirich, Switzerland
4 GRS GemResearch Swisslab AG, P.O. Box 4028, 6002 Lucerne, Switzerland

The crystal structure of johachidolite, CaAl[BsO;], (Cmma, a = 9.767(2), b =
11.723(3), ¢ = 4.3718(5) A, V = 408.3(1) A%, Z = 4) has been refined (R; = 2.5 %)
from a light-green gem-quality crystal from the Mogok gem-mining district in
Myanmar. A fragment from the same gem was measured by electron microprobe and
Laser-Ablation Inductively-Coupled-Plasma Mass-spectrometry (LA-ICP-MS), and is
almost end-member composition with ca. 0.3 wt.% ThO, and ca. 1000 ppm Ln
probably replacing Ca. Johachidolite has a very dense structure with all cations in
maximum oxygen coordination. Boron is tetrahedrally coordinated and the tetrahedra
form four- and six-membered rings that link to give a sheet, the only borate layer-
structure among minerals with only BO, tetrahedra. The interlayer space is filled by
octahedrally coordinated Al and ten-coordinated Ca. Johachidolite, forming in boron-
rich skarn or pegmatite, has never been synthesized. Other ternary compounds,
synthesized from corresponding glass compositions, CaAlBO, and CaAl,B,0;, are
unknown as minerals and have B (three-coordinate), Al (tetrahedral), and Ca
(octahedral) in their lowest known oxygen coordination. Johachidolite displays the
structural characteristics of a mineral with high-pressure stability.

* E-mail : kadiyski@krist.unibe.ch

Key-words: johachidolite, CaO-Al,03—B,03 system, single crystal X-ray diffraction,
LA-ICP-MS, crystal structure, borate.
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SINGLE CRYSTAL STRUCTURE OF PURE AND Zn ION
EXCHANGED CLINOPTILOLITE: COMPARISON OF LOW
TEMPERATURE AND ROOM TEMPERATURE STRUCTURES AND
Cu vs. Mo RADIATION.

Louiza Dimova"!, Rosica Nikolova® and Boris Shivachev!

! Institute of mineralogy and crystallography “Acad. Ivan Kostov” — Bulgarian Academy of
Sciences, Acad. G. Bonchev str., Sofia 1113 Bulgaria

Abstract

We compare the structure of natural and Zn-ion exchanged clinoptilolite determined
at 120K with that determined at 290K by x-rays Cu and Mo radiation. As expected a
slight reduction in the unit cell dimensions in going from room temperature to low
temperature is accompanied by a decrease in molecular surface area and radius of
gyration (of zeolite skeleton). The low temperature overall structure remains similar to
that at room temperature. Both experiments easily locate the aluminosilicate porous
framework atom positions with distances which are equal within normal error limits.
The attainable resolution appears to be improved due to the decrease in the fall off of
intensities with resolution [reduction of the temperature factor]. Normally this
decreases the uncertainty in the atomic positions and allows the localization of more
cations and solvent molecules in the solvent region of the low temperature map. The
largest differences between the two models occur at residues with higher than
average temperature factors.

* E-mail : anien@abv.bg

Keywords: single crystal, clinoptilolite, Fourier map comparison
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THE ICE CRYSTAL MORPHOLOGY — A TOOL TO DECIPHER THE
SNOWFLAKE HIEROGLYPHS SENT FROM THE SKY

V. Stoyanova

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

This study, based on past and recent laboratory experiments, briefly hlghllghts the
progress in the investigation of ice crystal morphology 4. .« sependence

and its relation to the growth of snowflakes. Firstly, it |ofice crystal morphology

concerns the unique temperature dependence of 5
vapor grown ice crystals, well known as Nakaya-
Kobayashi diagram, constructed here as a set of ice
crystal replicas, observed by scanning electron
microscopy (the right side figure). The role of volume : i
diffusion limitations in the formation of ice dendrites ° * S TR
(see the flgure below) is discussed in parallel with the influence of the surface

n

Kl
B
2
©
[
@
a
=
n

structure of ice on its different crystallographic faces, as well as with an old idea for
the facilitating role of a quasi-liquid layer at relatively high temperatures. A short
survey of the numerous experimental, theoretic and model simulations in this field is
also presented, putting an accent on the state of works examining the anisotropic
surface pre-melting of ice and/or its surface roughening on molecular level near
below the melting point. Our past optical microscope experiments on ice crystal
growth under high vacuum confirm the appearance of rounded surfaces around the
flat basal face (see the bottom figure). Such studies help us to understand better the
complicated snow crystals, named “hieroglyphs sent from the sky”, that people want
to decipher.

— — N—

E-mail : valeria@ipc.bas.bg
Keywords : ice and snow crystals, growth morphology, surface structure
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