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SOLVENT MOLECULES OF CRYSTALLIZATION --
CHALLENGES IN X-RAY CRYSTALLOGRAPHY

Christoph Janiak

Institut fiir Anorganische und Analytische Chemie, Universitdt Freiburg, Albertstr. 21, D-
79104 Freiburg, Germany;
janiak@uni-freiburg.de

We will present examples from our recent work where the solvent molecules of
crystallization have played a prominent rule — in terms of separate solvent substructure,
special effects and in terms of crystallographic problems associated with disorder.

These examples include:

1) Two-dimensional water and ice layers — (neutron) diffraction studies at 278 K, 263 K,
and 20 K [1].
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2) 3D coordination and supramolecular networks with water-filled channels and crystal-to-
crystal transformation upon dehydration [2,3].

Mixed-ligand coordination polymer/MOF

crystal
to crystal
transformation

—

crystal water removal
through freeze drying

volume
reductionto 60%

antiferromagnetic Nis-SBU

water-filled networks [2,3]:



(3) Dimeric palladacycle pseudo-polymorphs and a vanishing polymorph.

toluene _

O O — > 1-15CH; P17
toluene + ?

? _

—> 1, 05C;Hg P1

N
e pd CeH

6/ 16 _
N o. o N —> 1:-15CgHs P11

M62 \( M82 CH20|2/

hexane
1 —> 1-1 CGH14 P21/C

1-1.5 toluene: 1,-~0.5 toluene:

[1] C. Janiak, T. G. Scharmann, S. Mason, J. Am. Chem. Soc., 124 (2002), 14010-14011.
[2] H. A. Habib, J. Sanchiz, C. Janiak, Dalton Trans., (2008), p.p. 1734-1744.

[3] B. Wisser, A.-C. Chamayou, R. Miller, W. Scherer, C. Janiak, CrystEngComm, 10
(2008), p.p. 461-464.



CHARGES AND FORCES IN MOLECULES

Nouzha Bouhmaida ® & Nour Eddine Ghermani®

* Laboratoire des Sciences des Matériaux, LSM, Université Cadi Ayyad, Faculté des
Sciences Semlalia, Boulevard Prince Moulay Abdallah, BP 2390, 40000 Marrakech,
Maroc. ” Laboratoire de Physique Pharmaceutique, UMR CNRS 8612, Université Paris-Sud
11, Faculté de Pharmacie, 5 rue Jean-Baptiste Clément, 92296 Chatenay-Malabry, France.
e-mail : nouzha@ucam.ac.ma

Molecular reactivity indicators correlate with the atomic and bonding properties in
molecules. Atomic bonding structures described in the theory of R. F. W. Bader (QT-AIM)
gain more and more acceptance and success in the field of the molecular design [1]. In a
chemical system, atoms or fragments possess intrinsic characteristics. Bader and co-
workers have indeed shown that the electronic properties of atoms or fragments did not
change significantly in the immediate environment [2] and therefore become transferable.
These properties are fundamental for the understanding and prediction of further molecular
reactivity. This also gives a sense to the molecular tailoring approach for large molecules
having common fragments like polypeptides, macromolecules and proteins.

The QT-IAM Bader theory is based on a particular molecular partitioning of the
electron density leading to individual atomic basins. The gradient of the electron density is
used for this purpose and atomic basins are encompassed by gradient zero-flux surfaces.
Properties are, in general, analytically integrated over the volumes of such basins and
bonding features are highlighted by the topological analysis of the electron density.

In this lecture, we will present an original and entirely numerical approach to
rationalize the molecular and atomic interactions. Atomic and molecular surfaces are
defined as a cloud of points and integrated properties like charges and forces are estimated
by the Gauss’s theorem. Rigorous Voronoi triangulation method is used for this purpose.
Instead of the electron density, we will focus on the electrostatic potential, electric field and
derived properties. The experimental approach of high resolution X-ray diffraction,
nowadays highly competitive to the quantum calculations, is here used to derive these
properties. The computations of the electrostatic potential and field [3] are based on the
Hansen-Coppens model of the electron density [4].

The features of the electrostatic potential projected on the molecular surface are used to
locate the nucleophilic and electrophilic regions of a chemical system, which are essential
in the molecular reactivity prediction. The electrostatic potential /" is a scalar property
derived from the total electron density as

V(F):fmdr

The electric field assists in predicting the path of reactants in the vicinity of a molecule.
Being a gradient of the electrostatic potential [5], the electric field permits to accurately
analyze the topology of 7 and reveals novel atomic basins where the total charge is zero
(neutralization of the nuclear charge).

From the electric field £ and using the divergence theorem, atomic charges can be



accurately determined by the flux of £ across the atomic surface. Furthermore, the
general continuity equation can also be used to derive the total electrostatic force
acting on a part (atoms or fragments) or the whole chemical system. The electrostatic
force contains the contribution of both Feynman force acting on the nuclei and
Ehrenfest force acting on the electrons. This latter can be derived from the quantum
mechanics equation of motion of the momentum operator p. Using the divergence
th rem, this force can be estimated by the flux across the molecular or atomic surface
F =[0,,dS where oy is the Maxwell stress tensor [6]

| E.E, E.E, E.E. 1 E* 0 0
ou =3 | E~E, E,E, E,E.|-—| 0 E?
E.E. E/E, E.E, 0 0 E?

In order to show the efficiency of such a method, we will give the results obtained
form different types of molecules of different size and nature in the solid state.
Advantages and pitfalls of the present approach will be discussed as well as future
perspectives.
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Among inorganic compounds with a large variety of structures based on
tetrahedral [TO,] building units, silicates are by far the most thoroughly investigated
materials. However, a similar structural complexity can be found also in alkaline earth
aluminates and gallates with formula AO-B,05 (A: Ca, Sr, Ba; B: Al, Ga) where the [TO4]
groups (T: Al, Ga) are the principal building units. So far, compounds with isolated
tetrahedra, T30~ and T¢O1o- groups, rings (T¢O;s, T12,036), chains, layers, as well as three-
dimensional framework have been reported.

Furthermore, compared to Si*, which adopts a coordination number larger than
four mainly at high pressure, AI’" and Ga®" generally occur in four-, five- and six-fold
coordination, even under ambient conditions. In case of AI’*, the structural variability
strongly increases if two or all three types of coordination polyhedra are present in the same
structure.

Investigation on the chemistry of alkaline-earth aluminates and gallates with
special emphasis on phase transitions at non-ambient conditions was triggered from the
need to: (i) obtain reliable phase diagrams: concerning a number of existing phases, melting
points, melting behaviour; (ii) investigate changes of the coordination numbers of Al*',
depending on pressure and temperature, (iii) study the influence of cation radii in observed
structure types using (Ca, Sr, Ba) O - Al,Oj; as a system model.

The corresponding high-pressure and high-temperature experiments have been
performed at the Institute of Mineralogy and Petrography (University of Innsbruck) using a
Boyd and England type piston cylinder, a Walker type multi-anvil device, and a diamond
anvil cell. Structural characterisation of the samples was based on laboratory single crystal /
powder X-ray diffraction and micro-Raman spectroscopy.

Starting from polycrystalline material three new high pressure/high temperature
modifications have been obtained for monocalcium aluminate. At ambient conditions
CaAl,O4 has a structure based on a three-dimensional corner-linked network of [AlO4]
tetrahedra (Figure 1a). This form is stable also at 2 GPa and 600 °C. At the same pressure
but higher temperature (800 °C) the first quenchable polymorph was synthesized with a
similar framework structure but with different arrangements of the tetrahedra. Its structure
was refined from X-ray powder data using the isotypic, ambient-pressure modification of
CaGa,0O4 [1] as a starting model. With increasing pressure and temperature a novel
polymorph of CaAl,O, formed at 3.5 GPa and 1000 °C [2]. This polymorph has a layer-
type structure with Ca atoms linking the sheets of double-layers of edge sharing [AlOg]
octahedra (Figure 1b). At even higher pressure and temperature (10 GPa and 1000 °C)



CaAlL,O4 adopts a tunnel structure [2]. The main building blocks of this form are double
rutile-type chains of [AlOg]-octahedra with Ca atoms located inside the tunnels (Figure 1c).
This third high pressure/high temperature modification is isotypic to the ambient pressure
polymorph of CaFe,0,.

Fig.1  Crystal structures of the three polymorphic forms of CaAl,O4: a) ambient pressure
form, b) HT/HP form with a layer-type structure, ¢) HT/HP form with tunnel-type
structure.

In the course of a similar high-pressure study on corresponding CaGa,O,, in
contrast to the aluminate, only one high pressure form was observed at 4.0 GPa and 700 °C,
isostructural with monocalcium ferrite CaFe,O4 [3].

High-pressure experiments on the calcium aluminates were completed by an
exploratory study on Ca,Al,Os. Single crystals of this compound were prepared at 2.5 GPa
and 1000 °C. In-situ diffraction studies at high temperature revealed an incommensurately
modulated polymorph. The structure of this modulated form (/mma(00y)s00) is isotypic to
the HT form of Ca,Fe,Os[4] and arises from an aperiodic sequence of two different
configurations of tetrahedral chains with a modulation wave-vector parallel to ¢* (q =y c*,
v =0.595 na 825 °C).

The crystal structure of Ba;AlL,Os was re-investigated because the existence of
pseudo-symmetry created considerable problems in previous structure determinations.
Basic building units are highly puckered 12-membered rings of [AlOg4]-tetrahedra, cross-
linked via the Ba cations. The Al, O and most of the Ba-atoms fulfill the symmetry

requirements of the cubic space group Pa3 within a few standard uncertainties. There is
only one Ba atom without a centro-symmetrically related partner lowering the true

symmetry from space group Pa3 to P2,3.
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Medu neorganskim jedinjenjima koja imaju razli¢ite vrste struktura izgradene od
[TO4] jedinica silikati prestavljaju najistrazivanije materijale. Slicna kompleksnost
strukturnih tipova, medutim, moze se na¢i u zemno-alkalnim aluminatima i galatima sa
formulom AO-B,0; (A: Ca, Sr, Ba; B: Al, Ga), gde su [TO,] grupe (T: Al,Ga) osnovne
izgradivacke jedinice. Do sada su objavljene kristalne strukture jedinjenja sa izolovanim
tetraedrima, T301¢- 1 T¢O19- grupama, prstenovima (T¢O,g, T1,034), kao i lancane, slojevite
i trodimenzionalne mrezaste strukture.

U poredenju sa Si**, koji se pojavljuje u koordinaciji vecoj od &etiri uglavnom
samo pod visokim pritiscima, A’ i Ga’* se pojavljuju u koordinaciji Cetiri, pet i $est Gak i u
ambijentalnim uslovima. U slucaju aluminijuma, verovatnoca pojavljivanja razlicitih vrsta
struktura je jo§ veca ako se uzme u obzir da A’ moZe da se pojavi u dve ili sve tri razliite
koordinacije u okviru iste kristalne strukture.

Kristalohemijsko istrazivanje zemnoalkalnih aluminata sa posebnim osvrtom na
fazne prelaze u neambijentalnim uslovima proizasla je iz potrebe da se: (i) dobiju pouzdani
dijagrami faza: tacan broj faza, temperature topljenja i vrste topljenja; (ii) istrazi kako
promena koordinacije AI’* zavisi od pritiska i temperature; (iii) utvrdi uticaj radijusa
katjona na razli¢ite strukturne tipove koristec¢i sistem (Ca, Sr, Ba)O - Al,O; kao model.

Eksperimenti na visokim pritiscima i temperaturama izvedeni su na Institutu za
mineralogiju i petrografiju (Univerzitet u Insbruku) koriste¢i Boyd and England piston
cilindar, Walker tip multianvil prese, i diamond-anvil éeliju. Karakterizacija struktura je
uradena na osnovu podataka dobijenih rendgenskom difrakcijom na prahu ili monokristalu
kao i mikroramanskom spektroskopijom.

Polaze¢i od polikristalnog monokalcijum aluminata na visokim pritiscima i
temperaturama su dobijene tri nove modifikacije. U ambijentalnim uslovima CaAl,O, ima
strukturu izgradenu od trodimenzionalne mreze [AlO,] tetraedara, medusosobno povezanih
preko rogljeva (Slika 1a). Ovaj struktura je stabilna i na 2 GPa i 600 °C. Na istom pritisku
ali na malo viSoj temperaturi (800 °C) sintetisan je prvi polimorf sa slicnom mrezastom
strukturom ali razliCitom orjentacijom tetraedara. Ova struktura je utacnjena iz dijagrama
na prahu, koriste¢i izotipicnu modifikaciju CaGa,0, stabilnu na ambijentalnim uslovima
[1] kao polazni model. Sa povecavanjem pritiska i temperature novi polimorf CaAl,O, je
formiran na 3.5 GPa i 1000 °C [2]. Ovaj polimorf ima slojevitu strukturu gde Ca atomi
povezuju slojeve dvoredo poredanih [AlOg] oktaedara povezanih preko ivica (Slika 1b). Na
jos visim temperaturama i pritiscima (10 GPa i 1000 °C) CaAl,O, dobija tunelski tip
strukture [2]. Osnovne jedinice koje izgraduju ovu strukturnu formu su dvostruki lanci
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rutilskog tipa izgradeni od [AlO¢] oktaedara sa Ca atomima rasporedenim unutar tunela
(Slika 1c). Ova treca modifikacija sintetisana na visokim pritiscima i temeraturama je
izotipi¢na sa polimorfom CaFe,04 stabilnim u ambijentalnim uslovima.

Fig.1  Kristalne strukture tri polimorfne modifikacije CaAl,Oy4: a) struktura stabilna na
ambijentalnim uslovima, b) VP/VT forma sa slojevitom strukturom, c) VP/VT
forma sa tunelskom strukturom.

U sli¢nom israzivanju na visokim pritiscima sa odgovaraju¢im CaGa,0y, za razliku
od aluminata, dobijen je samo jedan polimorf na pritisku od 4.0 GPa i temperaturi od 700
°C. On je izostrukturan sa CaFe,O, [3].

Eksperimenti na visokim pritiscima sa kalcijum aluminatom su zaokruzeni
istrazivanjem na Ca,Al,0s. Monokristali su pripremljeni na 2.5 GPa i 1000 °C. In-situ
visokotemperaturna difrakcija na monokristalu je pokazala neproporcionalno modulisani
polimorf. Struktura ovog modulisanog polimorfa (/mma(00y)s00) je izotipiCna sa
visokotemperaturnom formom CayFe,Os [4], koja proizilazi iz aperiodicne sekvence dve
razli¢ite konfiguracije tetraedarskih lanaca sa vektorom modulacije paralelnim sa c*
(q=vc*, v=0.595na 825 °C).

Usled problema u ranijim pokuSajima sa se odredi, ponovo je istrazena kristalna
struktura Ba;AL,Os zbog uocenog postojanja pseudosimetrije. Osnovne jedinice koje
izgraduju su izuzetno nabrani prstenovi sastavljeni od 12 [AlO4] tetraedara, ukrstenih preko

Ba-katjona. Svi Al, O i veéina Ba-atoma simetrijski odgovara prostornoj grupi Pa3. Samo

jedan Ba atom bez centrosimetricnog para snizava simetriju od prostorne grupe Pa3 do
prostorne grupe P2,3.
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The brownmillerite solid solution series Cay(Fe,_,Al,),Os has been studied frequently since
the members with x =~ 0.5 are one of the main phases in Portland cement clinkers.
Structurally, brownmillerite-type compounds consist of two main building units: layers of
perovskite-like corner-sharing [(Fe,Al)O¢]-octahedra and zweier single chains of
[(Fe,Al)O4]-tetrahedra. Alternating stacks of perovskite-type layers and sheets of
tetrahedral chains form a three-dimensional network interconnected by Ca cations. The
iron-rich compositions up to x = 0.235 adopt space group Pnma, whereas the more Al-rich
members crystallise in space group 2mb [1]. For Ca,Fe,Os, a transformation to an Imma
structure was reported to occur at about 700°C [2]. However, a more detailed study showed
[3], that the HT-phase actually exhibits an incommensurately modulated structure where
the modulation is caused by an ordering process between two orientation states (L,R) of the
tetrahedral chains. The Al-endmember Ca,Al,Os can be prepared only at high pressures and
temperatures, but can be quenched to ambient conditions [4]. We investigated its high-
temperature behaviour and detected a phase transition to a modulated structure, which is
isotypic to the HT-phase of Ca,Fe,Os. The temperature as well as the character of the
transition was studied by micro-Raman spectroscopy and single crystal X-ray diffraction.

In situ high-temperature Raman experiments were performed in a ceramic crucible of a
heating stage through a quartz window, mounted to a Raman micro-spectrometer. Spectra
were recorded between 100-800 in steps of 100°C. Temperature precision and accuracy,
checked by measuring the thermal shift of the TO-LO phonon of a (100) polished single
crystal silicon wafer, was around + 5 °C. A prismatic transparent crystal with good optical
quality was excited by the 514.5 nm emission line of an Ar -laser through a 50x objective.
Accuracy of the determined Raman shifts was around 0.5 cm™. For the high-temperature
single-crystal diffraction experiments, a hot nitrogen gas Heatstream furnace mounted on
an [PDS-2 diffractometer was used. Data for the structure determination of the modulated
phase were collected at 817(10) °C. Furthermore, a series of 28 single crystal diffraction
experiments covering a temperature range from 657 to 812°C were performed, in order to
narrow down the temperature of the phase transition.

In the unmodulated room temperature structure of Ca,Al,Os, 15 Raman bands with relative
intensities > 1 (normalized to the most intense band at 506 cm™) could be detected. Two
intense bands with Raman shifts of 772 and 739 cm™ were assigned to stretching modes of
AlO,-tetrahedra and AlOg-octahedra. The most intense band at 506 cm™ is related to
bending modes of the AlO,-tetrahedra. Bands with Raman shifts below 500 cm™ result
from Ca- and Al-O translations.

With some exceptions the temperature dependence Ov/0T of most of the vibrational modes
are approximately linear and within a narrow interval: (1) ov/0T of the AlO4-octahedra
stretching modes is significantly lower compared to the AlO, tetrahedra (Figure la).
Furthermore, the ov/0T of the AlO, bending mode at 476 cm™ is low (Figure 1b). This is
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consistent with higher bond forces and shorter bond lengths within the tetrahedra and is
confirmed by the X-ray diffraction study. (2) At 400 and 700°C disappearance of modes
can be observed (Figure 1b), which may be an indication for symmetry change from the
I2mb room temperature structure to the modulated phase [(3+1)-dimensional superspace
group Imma(00y)s00], detected in the high-temperature diffraction patterns of Ca,Al,Os.
The changes are related to tetrahedral distortions and ordering of L- and R-oriented
tetrahedral chains [3]. However, the influence of the structural modulations of crystals to
their vibrational spectra needs further theoretical and experimental investigations.

In summary, a phase transition and the incommensurate high-temperature ordering of
tetrahedral chains in brownmillerite-type Ca,Al,05 could be confirmed. Both, Ca,Al,Os
and Ca,Fe,O5 show a phase transition to isotypic high-temperature structures and are end-
members of the solid solution series Ca,(Fei,Al),Os, thus we assume intermediate
compositions to behave similar[1;5]. The exact nature of the phase boundary for x > 0.325
is still unknown and requires further studies.
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Figure 1: a) 6v/dT of Raman bands of Ca,AL,Os in the range 570-810 cm™; b) in the range
330-510 cm™.
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Cobalt, nickel and copper can be regarded as representatives of the first row
transition elements and are known for constructing numerous complexes. Accordingly, they
are of great interest for the coordination chemists and crystallographers. A considerable
number of described mixed-ligand structures belongs to phthalate (dianion of 1,2-
benzenedicarboxylic acid) [1] and terephthalate (dianion of 1,4-benzenedicarboxylic acid)
complexes [2] and their intensive research has begun in the 1970s of the 20" century.
Pyromellitate (tetraanion of 1,2,4,5-benzenetetracarboxylic acid) [3] and especially
isophthalate (dianion of 1,3-benzenedicarboxylic acid) compounds [4] are less considered.
It is known that a large number of ternary complexes with polycarboxylate ligands are
Cu(Il) compounds, whereas the number of the structures with other transition elements is
smaller. To date, researches have shown that the anions of polycarboxylic acids mostly
behave as bridging polydentate ligands producing binuclear or polymeric complexes: one-
dimensional (linear, zig-zag or spiral chains), two-dimensional (layers, ribbons, ”ladders”)
and three-dimensional networks. The fact that from 2000 about twenty articles on this type
of structures are published each year validates that the subject is very advanced. Regardless
of the numerous investigations, the possibilities for formation of structurally diverse
compounds with different coordination of polycarboxylate ions are still unlimited.

In this study, the results of the synthesis of series of ternary Co(II), Ni(Il) and Cu(II)
complexes with anions of isophthalic, terephthalic and pyromellitic acid and some aromatic
diamine ligands such as 2,2'-dipyridylamine, 2,2'-bipyridine and 1,10-phenanthroline are
presented in detail [5]. The structural properties of compounds determined by X-ray
analysis are discussed and compared. Based on these data, the complexes are systematized.

The geometry of molecules (bond distances and angles), the geometry of hydrogen
bonds and packing arrangements were also considered. The coordination modes of different
polycarboxylate ligands and factors determining their coordination modes are discussed.
Common structural properties were noticed and the main structural properties are:
centrosymmetry of structures, bridging role of polycarboxylate ions, presence of hydrogen
bonds and 77 interactions, as well as three-dimensional networks. A correlation between
synthesis, structure and properties of the compounds is established.

Beside common structural properties, a large number of specific structural
characteristics related to the donor possibilities of aromatic polycarboxylate ions were
found, such as: presence of polycarboxylate ligands coordinated in different modes in the
same structure, simultaneous existence of a binuclear complex cation and a binuclear
complex anion, different degree of distortion of coordination polyhedra around Cu(Il),
presence of hydrophobic and hydrophilic parts of the layers in the packing arrangements
and channels filled with solvent molecules, etc.

14



The number of donor O atoms, the number of O-M bonds, the angles in
coordination polyhedron and COO™ groups, efc. in synthesized compounds are very
versatile.

It was determined that the packing arrangements of molecules and chains in the
crystals were very different. Three-dimensional networks are defined and contributed by
network systems of hydrogen bonds and 77 interactions, as well as by the type of N-donor
ligand present therein, i.e. by its bulkiness and rigidness. In the polymeric compounds, the
spiral chains are held together by 7 interactions forming two-dimensional layers, which
construct three-dimensional framework via system of hydrogen bonds. In the complexes
where zig-zag chains exist, three-dimensional network is formed by hydrogen bonds and
7 interactions between the chains. Similar non-covalent interactions exist in the crystal
arrangements of binuclear units, where hydrogen bonds exist within layers and 7=
interactions exist between layers, or hydrogen bonds and 77 interactions are formed at the
same time within layers. It was concluded that factors influencing the packing arrangements
of molecules are numerous and complex and that they are often specific for each structure.

The complexes with pyromellitate ligands were additionally subjected to the TG and
DSC analysis. The dehydration process and thermal decomposition of anhydrous
compounds were investigated. Results of the thermal analysis were in accordance with the
results determined by X-ray structure analysis and could be used as the basis for potential
investigation of the kinetic of thermal decomposition in the systems
metal — polycarboxylate — diamine.
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Crystallogr., C58 (2002), m275-m279; J. Rogan, D. Poleti, Lj. Karanovi¢, J. Serb. Chem.
Soc., 69 (2004), 353-362; D. Poleti, Lj. Karanovi¢, A. Kremenovié, J. Rogan, J. Serb.
Chem. Soc., 72 (2007), 767-771; J. Rogan, D. Poleti, Lj. Karanovi¢, Z. Anorg. Allg.
Chem., 632 (2006), 133-139.
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STRUKTURNE KARAKTERISTIKE KOORDINACIONIH
JEDINJENJA KOBALTA(II), NIKLA(IT) I BAKRA(II) SA
ANJONIMA POLIKARBOKSILNIH KISELINA

Jelena Rogan

Tehnolosko-metalurski fakultet, Karnegijeva 4, Beograd, Srbija
e-mail: rogan@tmf.bg.ac.yu

Kobalt, nikal i bakar mogu se smatrati reprezentativnim predstavnicima prvog
prelaznog niza elemenata i poznati su kao graditelji izuzetno velikog broja kompleksnih
jedinjenja, pa se kao takvi nalaze u sredi$tu interesovanja koordinacionih hemicara i
kristalografa. Najvec¢i broj do sada opisanih meSovito-ligandnih struktura odnosi se na
ftalat- (dianjon 1,2-benzendikarboksilne kiseline) [1] i tereftalat- (dianjon 1,4-
-benzendikarboksilne kiseline) komplekse [2], ¢ije intenzivno proucavanje pocinje
sedamdesetih  godina XX veka, dok su piromelitat- (tetraanjon 1,2,4,5-
-benzentetrakarboksilne kiseline) [3], a narocito izoftalat- (dianjon 1,3-benzendikarboksilne
kiseline) jedinjenja [4] zastupljena u znatno manjoj meri. Takode je poznato da se najveci
broj ternernih kompleksa sa pomenutim polikarboksilat-ligandima odnosi na Cu(Il)-
-jedinjenja, dok je broj poznatih struktura ostalih prelaznih elemenata manji. Dosadasnja
istrazivanja pokazuju da se anjoni polikarboksilnih kiselina najéeS¢e ponasaju kao
polidentatni ligandi mostovnog tipa i da su nastali kompleksi binuklearni ili polimerni, i to:
jednodimenzionalni (linearni, cik-cak ili spiralni lanci), dvodimenzionalni (slojevi, trake,
,merdevine”) i trodimenzionalno umrezene strukture. Aktuelnost problematike najbolje
ilustruje Cinjenica da se u periodu od 2000. godine svake godine objavljuje po dvadesetak
radova u kojima su opisani kompleksi sa ligandima koji su predmet ovog rada, kao i da
uprkos brojnim istrazivanjima jo§ uvek nisu iscrpljene mogucnosti stvaranja strukturno
razlicitih jedinjenja sa drugacijom koordinacijom polikarboksilat-jona.

U ovom radu detaljno su prikazani rezultati sinteze serije ternernih kompleksa
prelaznih metala Co(II), Ni(Il), Cu(II) sa anjonima izoftalne, tereftalne i piromelitne
kiseline i nekim aromati¢nim diaminskim ligandima, kao $to su 2,2'-dipiridilamin, 2,2'-
-bipiridin i1 1,10-fenantrolin [5]. Diskutovane su i poredene strukturne karakteristike
jedinjenja dobijene rendgenskom strukturnom analizom, na osnovu ¢ega su kompleksi
sistematizovani.

Razmatrana je geometrija (duzine veza i uglovi) molekula, geometrija vodoni¢nih
veza 1 pakovanje molekula. Diskutovani su nacini koordinacije razli¢itih polikarboksilat-
-liganada i1 faktori koji odreduju njihove nacine koordinacije. Uocene su zajednicke
strukturne karakteristike, od kojih su glavne sledece: centrosimetri¢nost, mostovna uloga
polikarboksilat-jona, prisustvo vodoni¢nih veza i 7z interakcija, trodimenzionalna
umrezenost. Utvrdena je korelacija izmedu sinteze, strukture i osobina jedinjenja.

Pored navedenih zajednickih svojstava, naden je i veci broj specificnih strukturnih
karakteristika, koje su u neposrednoj vezi sa donorskim moguénostima aromati¢nih
polikarboksilat-jona, kao $to su: prisustvo razli¢ito koordiniranih polikarboksilat-liganada u
istoj strukturi, istovremeno postojanje binuklearnog kompleksnog katjona i binuklearnog
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kompleksnog anjona, razlicit stepen deformisanosti koordinacionog poliedra oko Cu(Il),
postojanje slojeva pri pakovanju molekula koji se odlikuju hidrofobnim i hidrofilnim
delovima, postojanje kanala ispunjenih molekulima rastvaraca i dr.

Broj donorskih atoma O, broj O-M veza, vrednosti uglova u koordinacionom
poliedru i COO -grupama i dr. u sintetisanim jedinjenjima vrlo su raznovrsne.

Utvrdeno je da su pakovanja molekula i lanaca u kristalu vrlo razlicita.
Trodimenzionalno umrezavanje odreduju i umnogome mu doprinose razgranati sistemi
vodoni¢nih veza i 77 interakcija, kao i vrsta prisutnog N-donorskog liganda, tj. njegova
veli¢ina 1 krutost. Kod polimernih jedinjenja, spiralni lanci se medusobno drze 7rx
interakcijama i formiraju dvodimenzionalne slojeve, koji preko sistema vodoni¢nih veza
grade trodimenzionalnu strukturu. Umrezavanje kod kompleksa koji sadrze cik-cak lance
nastaje preko vodoni¢nih veza i 7 interakcija koje se javljaju izmedu lanaca. Slicne
nekovalentne interakcije postoje i pri pakovanju binuklearnih jedinki, gde vodoni¢ne veze
postoje unutar slojeva i 7 interakcije izmedu slojeva, ili se unutar slojeva istovremeno
javljaju i vodonicne veze, i 7 interakcije. Tako je zakljueno da su faktori koji odreduju
pakovanje molekula mnogobrojni i sloZeni, kao i da su Cesto specifi¢ni za svaku strukturu.

Kompleksi koji sadrze piromelitat-ligande dodatno su podvrgnuti TG- i DSC-
-analizi. Pracen je tok termicke dehidratacije i razlaganja anhidrovanih jedinjenja. Dobijeno
je da su rezultati termijskih analiza u saglasnosti sa rezultatima strukturne analize i da bi
mogli da posluze kao osnov za potencijalna istrazivanja kinetike termicke dekompozicije u
sistemima metal — polikarboksilat — diamin.

[1] S. G. Baca, I. G. Filippova, O. A. Gherco, M. Gdaniec, Y. A. Simonov, N. V. Gerbeleu,
P. Franz, R. Basler, S. Decurtins, Inorg. Chim. Acta, 357 (2004), 3419-3429.

[2] Ch.-B. Ma, M.-Q. Hu, Ch.-X. Zhang, F. Chen, Ch.-N. Chen, Q.-T. Liu, Acta
Crystallogr., C60 (2004), m288-m290; J. Rogan, D. Poleti, Lj. Karanovi¢, G. Bogdanovi¢,
A. Spasojevi¢-de Biré, D. M. Petrovi¢, Polyhedron, 19 (2000), 1415-1421.

[3] L.-J. Zhang, J.-Q. Xu, Zh. Shi, X.-L. Zhao, T.-G. Wang, J. Solid State Chem., 32
(2003), 32-39; C. Ruiz-Perez, P. Lorenzo-Luis, M. Hernandez-Molina, M. M. Laz, F. S.
Delgado, P. Gili, M. Julve, Eur. J. Inorg. Chem., (2004), 3873-3879.

[4] H.-X. Zhang, B.-Sh. Kang, A.-W. Xu, Zh.-N. Chen, Zh.-Y. Zhou, A. S. C. Chan, K.-B.
Yu, Ch. Ren, J. Chem. Soc., Dalton Trans., (2001), 2559-2566.

[51L;j. Karanovi¢, D. Poleti, J. Rogan, G. A. Bogdanovi¢, A. Spasojevi¢-de Biré, Acta
Crystallogr., C58 (2002), m275-m279; J. Rogan, D. Poleti, Lj. Karanovi¢, J. Serb. Chem.
Soc., 69 (2004), 353-362; D. Poleti, Lj. Karanovi¢, A. Kremenovié, J. Rogan, J. Serb.
Chem. Soc., 72 (2007), 767-771; J. Rogan, D. Poleti, Lj. Karanovi¢, Z. Anorg. Allg.
Chem., 632 (2006), 133-139.
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STRUCTURAL, MAGNETIC AND DIELECTRIC PROPERTIES OF
PEROVSKITES AFe;;3B303.5
(A =Pb, Sr, Ca, Ba; B=W, Te)

S. Ivanov *, P. Nordblad *, R. Tellgren ¢, H. Rundléf ¢, S. Eriksson ¢

* Karpov' Institute of Physical Chemistry, Moscow, Russia; ° Department of Engineering
Sciences, University of Uppsala, Sweden; © Department of Materials Chemistry, Uppsala
University, Sweden; ¢ Department of Inorganic Chemistry, University of Gothenburg,
Sweden

Materials known as magnetoelectrics, which are simultaneously ferroelectric and
ferromagnetic (or at least show some type of magnetic ordering), have recently become the
focus of much research. These compounds present opportunities for a wide range of
potential applications. Aside from device design, the fundamental physics of
magnetoelectrics is rich and fascinating. However, ferroelectricity and magnetism hardly
coexist and very few magnetoelectrics exist in nature, or have been synthesized in the
laboratory. In general the existence of transition metal d electrons, which are essential for
magnetism, reduces the tendency for polar ferroelectric distortions. Thus, an additional
electronic and structural driving force must be present for ferroelectricity and
ferromagnetism to occur simultaneously. The present contribution is a survey of our recent
results on experimental structural, dielectric and magnetic investigations of new
magnetoelectric perovskites AFe,;3B1305.4e1a (A= Pb, Sr, Ca, Ba; B= W, Te; delta= 0-0.2),
prepared by convential solid state synthesis and using magnetic, dielectric and neutron
powder diffraction (NPD) measurements. It was shown that this class of the ferroelectric
magnets exhibits both electric-dipole and magnetic ordering in definite temperature range.
NPD patterns have been collected at the Swedish Research Reactor R2 (Studsvik) at
different temperatures (10-1000 K). The data was analysed with the FULLPROF software
in order to characterize the temperature-induced phase transformations and determine the
nuclear and magnetic structures. The size of the A and B-type cations is directly related to
different structural distortions. The structural peculiarities of distorted perovskite phases
are discussed in details and possible mechanisms of phase transitions are presented.
Structural studies have shown that the room temperature structures of the A= Pb, Sr and Ca
phases are cubic (Pm-3m), tetragonal (I14/m) and monoclinic (P2,/n), respectively, whilst
the A= Ba compound is hexagonal (P6;/mmc). In the Pb compound the Fe and W (Te)
cations are randomly distributed over the B sites while in the case of Sr and Ca compounds
a partial crystallographic order was established. The dependence of the magnetic phase
transition temperature Ty on the type and concentration of nonmagnetic A, O and magnetic
B sublattices are outlined. It was found that Ty values appear to depend mainly on the
nature of the A-cation (ion size and electronic configuration), the degree of cation ordering
of Fe/W (Te) and on the oxygen content. Magnetic moment orderings of Fe’" cations,
distributed between two different crystallographic sites in these systems are analysed. All
compounds have the antiferromagnetic G-type structure. The introduction of Te®" into the
B-site has a strong negative effect on the magnetic properties. In the Ba compound the
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oxygen concentration has a significant effect on structural and magnetic properties. The
correlation between the structural polar distortions, B-site ordering, oxygen stoichiometry
and a ferrimagnetic orbital ordering is also briefly discussed and may possibly provide
additional insight into the magnetoelectric coupling in these perovskites.

Financial support of this research from the Royal Swedish Academy of Sciences and the
Russian Foundation for Basic Research is gratefully acknowledged.
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SYNTHESIS AND CRYSTAL STRUCTURE OF
2(8)-(-2-OXOTETRAHYDRO-1,3-OXAZIN-3-YL)-
-PROPIONIC ACID

Dejana P. Dimitrijevi¢’, Srecko R. Trifunovi¢®, Rastko D. Vukiéevi¢®, Frank W. Heinemann”

"Deparment of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovica 12,

P. O. Box 60, 34 000, Kragujevac, Serbia; ®Institut fiir Anorganishe Chemie 11, Egerlandstrasse 1,
D-91058 Erlangen, Deutchland

e-mail: srecko@kg.ac.yu

In reaction of S-alanine and 1,3-dibrom-propane (1:1), in presence of NaOH and
Na,CO;, with adjusting pH to 3,5 a new compound 2(S)-(2-oxotetrahydro-1,3-oxazin-3-yl-)-
propionic acid was obtained. After recrystalization from water solution the white crystals suitable
for X-ray analysis were prepared. Anal. Calc. for C;H;{NO4 (FW = 173.17): C, 48.54; H, 6.41; N,
8.09 %. Found: C, 47.98; H, 6.40; N, 8.13 %.

Crystallographic data: C;H;NO,, orthorhombic system, space group P2,2,2y, a =
5.3622(2), b = 9.5723 (9), ¢ = 15.1906 (14) A, a = B = y=90°, V = 779.71(11) A®, Z = 4,
D.=1.475 Mg/m®, py(MoKa) = 0.122 mm™', F(000)=368, crystal size 0.23 x 0.21 x 0.14 mm, no. of
parameters: 142,
R1=10,0263 and wR2 = 0,0645 (for 1172 reflections with [>2c (I)).

In the crystal there exist very strong intermolecular hydrogen bond between O(4)-H(4A)-
-OQQ)#1 (H--A=2,6122 A)
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SINTEZA I KRISTALNA STRUKTURA
2(S)-(-2-OKSOTETRAHIDRO-1,3-OKSAZIN-3-IL)-
-PROPANSKE KISELINE

Dejana P. Dimitrijevi¢®, Sre¢ko R. Trifunovi¢®, Rastko D. Vukiéevi¢®, Frank W. Heinemann”

*Institut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujeveu, R. Domanovi¢a 12,
P.O. Fah 60, 34 000, Kragujevac, Srbija; Institut fiir Anorganishe Chemie II, Egerlandstrasse 1,
D-91058 Erlangen, Deutchland

e-mail: srecko@kg.ac.yu

U reakciji S-alanina i 1,3-dibrom-propana (1:1), u prisustvu NaOH i Na,COs, sa
podesavanjem pH na 3,5 dobijeno je novo jedinjenje 2(S)-(2-oksotetrahidro-1,3-oksazin-3-il-)-
propanska kiselina. Posle prekristalisavanja iz vodenog rastvora dobijeni su beli kristali pogodni
za rendgensku strukturnu analizu. Anal. Izrac. za C;H;1NO4 (Mr = 173,17): C, 48,54; H, 6,41; N,
8,09 %. Nadjeno.: C, 47,98; H, 6,40; N, 8,13 %.

Kristalografski podaci: C;H;;NO,, ortorombicni sistem, prostorna grupa P2,2,2,, a =
5,3622(2), b = 9,5723 (9), ¢ = 15,1906 (14) A, a = B = y= 90°, V = 779,71(11) A®, Z = 4,
D~=1.475 Mg/m3, w(MoKa) = 0.122 mm™ , F(000)=368, veli¢ina kristala 0,23 x 0,21 x 0,14 mm,
br. parametara: 142, R1 =0,0263 i wR2 = 0,0645 (za 1172 refleksije u opsegu [>2c (I)).

U kristalu postoji veoma jaka intermolekularna vodoni¢na veza izmedu O(4)-H(4A)---
OQ)#1 (H---A=2,6122A).

23



CRYSTAL STRUCTURE OF uns-cis-DIBROMO-
(ETYLENEDIAMINE-N, N -DI-S,S-2-PROPIONATO)-
PLATINUM(IV) COMPLEX, uns-cis-[Pt(S,S-eddp)Br]

Srecko R. Trifunovi¢®, Verica V. Glodovi¢*, Gordana P. Vasi¢*, Vesna M. Dinovi¢®,
Tibor J. Sabo®, Olivera Klisuri¢® and Slobodanka Stankovi¢®

"Department of Chemistry, University of Kragujevac, Radoja Domanovi¢a 12, 34000
Kragujevac, Serbia; °Faculty of Chemistry, University of Belgrade, Studentski trg 16,
11000 Belgrade, Serbia; ‘Deparment of Physics Faculty of Sciences, University of Novi
Sad, Trg Dositeja Obradoviéa 4, 21000 Novi Sad, Serbia;

e-mail: srecko@kg.ac.yu

The title compound was obtained in reaction of potassium
hexabromoplatinate(IV), ethylenediamine-N, N -di-S,S-2-propionic acid dichlorhydrate
(H,-S,S-eddp-2HCI) and lithium hydroxide in molar ratio 1:1:4 at 50 °C. The yellow
prismatic compound was crystallized from mother solution at room temperature.

Crystallographic data: CgH4Br,N,O4Pt, [Pt(S,S-eddp)Br,], M, = 557.12,
orthorhombic system, space group P2,2,2,, py = 2.755 g cm™, u(Mo Ka) = 16.40 mm™,
Appax = 0.67 € A” and Apmin = —0.96 € AZ. The diffraction data for this complex were
collected at room temperature on a Gemini S diffractometer using grafite-monochromated
Mo Ko radiation (A = 0.71073 A) and /260 scans. Crystal size: 0.35x0.11x0.14 mm. Unit
cell dimensions: a = 7.221(5), b = 13.378(5), ¢ = 13.905(5) A, V= 1343.3(12) A°.

The structure was solved by direct methods on the basis of 3073 independent
reflections and refined using full-matrix least-squares [1]. All calculations were performed
using SHELXL97, PARST and PLATON, as implemented in the WinGX system of
programs. The final R factor is 0.025 for 2769 reflections with /> 2a(J).

Figure 1. A view of the molecular structure of uns-cis-[Pt(S,S-eddp)Br,] complex

[1] Sheldrick, G. M. (1997). SHELX97. University of Gottingen, Germany
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KRISTALNA STRUKTURA uns-cis-DIBROMO-
(ETILENDIAMIN-N,N'-DI-S,S-2-PROPIONATO)PLATINA(IV)
KOMPLEKSA, uns-cis-[Pt(S,S-eddp)Br]

Sreéko R. Trifunovié?, Verica V. Glodovi¢®, Gordana P. Vasi¢*, Vesna M. Dinovic®,
Tibor J. Sabo®, Olivera Klisuri¢® i Slobodanka Stankovi¢*
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Domanovi¢a 12, 34000 Kragujevac, Srbija; "Hemijski fakultet, Univerzitet u Beogradu,
Studentski trg 16, 11000 Belgrade, Srbija; ‘Departman za fiziku, Prirodno-matematicki
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Kompleks  uns-cis-[Pt(S,S-eddp)Br,] dobijen je u reakciji  kalijum-
-heksabromoplatinata(IV), etilendiamin-N,N -di-S,S-2-propionske kiseline dihlorhidrata i
litijum-hidroksida u molskom odnosu 1:1:4 na 50 °C. Postepenim uparavanjem mati¢nog
rastvora na sobnoj temperaturi dobijeni su zuti, prizmati¢ni kristali.

Kristalografski podaci za dobijeni kompleks: CgH;4Br,N,O4Pt, [Pt(S,S-eddp)Br,],
M, = 557,12, rombi¢ni sistem, prostorna grupa P2,22;, p. = 2,755 g cm’3,
w(Mo Ka) =16,40 mm™ sa Appax = 0,67 € A i Appmin = -0,96 e A~. Difrakcioni podaci za
ovaj kompleks sakupljeni su na sobnoj temperaturi na Gemini S difraktometru koriste¢i
monohromatsko Mo Ka zragenje (A = 0,71073 A). Dimenzije kristala su 0,35x0,11x0,14
mm, dok su parametri jedini¢ne éelije a = 7.221(5), b = 13.378(5), ¢ = 13.905(5) A,
V=1343.3(12) A°.

Struktura kristala reSena je primenom direktnih metoda na bazi 3073 nezavisnih
refleksija i utacnjena metodom najmanjih kvadrata sa potpunom matricom [1]. Sva
izraCunavanja vrSena su koriste¢i SHELXL97, PARST i PLATON, kao delove WinGX
programa. Konacna vrednost R-faktora je 0,025 za 2769 refleksija sa I > 2a([).

Slika 1. Prikaz molekulske strukture uns-cis-[Pt(S,S-eddp)Br,]| kompleksa

[1] Sheldrick, G. M. (1997). SHELX97. University of Gottingen, Germany

25



ELECTRONIC PROPERTIES OF THE SULFUR ATOM IN THE
4-METHYL-3-THIOSEMICARBAZIDE
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e-mail: bodraskovic@yvin.bg.ac.yu

The high-resolution single-crystal X-ray diffraction experiment was performed at
100.0(1) K. The 115688 reflections collected in this experiment have been sorted and
averaged, giving a total of 10361 unique reflections with final Ry, = 2.31 %. The
experimental electron density distribution in the titled compound has been determined
from a multipole refinement based on the Hansen-Coppens formalism. Here we report the
final results of the multipole refinement, which outcomes in R = 1.78 % for 7503
reflections and 437 refined parameters.

This work represents the continuation of our systematic study on the electronic
properties of the thiosemicarbazide based compounds [1]. The previous investigation of
thiosemicarbazide derivate, salicylaldehyde thiosemicarbazone [1], established that the
valence electrons of the S atom which are not engaged in covalent bonds have
inhomogeneous distribution of the electron density within the sulfur’s torus. The static
deformation density maps of the S atom in the title compound (Fig. 1.) indicate that the
deformation density of the sulfur’s free electron pairs is more polarized than in the case of
salicylaldehyde thiosemicarbazone [1]. The accumulation of deformation electron density
is particularly emphasized in the directions of the strongest N—H...S intermolecular
interactions.

The analysis showed significant differences in magnitude and disposition of the
electrostatic potential around the sulfur atoms of the two independent molecules. It also
indicates that the most negative regions of the electrostatic potential on the molecular
surfaces are directed toward the H atoms which form interactions with sulfur atoms.

H2a

Fig. 1. Intermolecular interactions of X—H...S types for the both independent molecules of
4-methyl-3-thiosemicarbazide with static electron deformation density around the sulfurs
in the plane perpendicular to the molecule and C—S bond.

[1] S. B. Novakovi¢, B. Fraisse, G. A. Bogdanovi¢, A. Spasojevi¢-de Biré, Crystal Growth
Design, 7 (2007), 191-195.
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EJIEKTPOHCKA CBOJCTBA ATOMA CYMIIOPA 'Y
4-METHUJI-3-TUOCEMUKAPBA3UY

B. M. [ipamkosuh *, C. b. Hoakosuh *, I'. A. Bornanosuh *

*MHcTUTYT 3a HyKiIeapHe Hayke “Bunua”, JlaGoparopuja 3a TeopujcKy GusuKy u GU3UKY
KOHJICH30BaHe Matepuje, m.i1. 522, 11001 beorpaa, Cpouja.
e-mail: bodraskovic@yvin.bg.ac.yu

ExcniepuMeHTanHH TOJanyd BHUCOKE pPe30dyIdje MoOWjeHn Cy IuQpaKIiijoM
PEHITSHCKOT 3pademka ca MOHOKpHcTana mpu panHoj remneparypu ox 100,0(1) K. V oBom
eKCIIePUMEHTY je cakyrubeHo 115688 nudpakinoHuX MakcuMyma, KOju COPTHPAmEM U
ycpeamaBameM Jajy ykynHo 10361 He3aBucHux peduexcuja ca kpajibuMm Ry = 2,31 %.
Pacriosiena  ekcriepUMEHTaJIHE E€JIEKTPOHCKE TYCTHHE Yy  MOJIeKyly — 4-MeTwi-3-
THOCeMuKapOa3uaa ojpeheHa je MeToAoM MyJITHNON-yTaumhaBara 3aCHOBAaHOM Ha
Xancen-KonencoBom ¢(opmanusmy. ¥ oBoM paly NpeAcTaBbaMoO (UHATHE pe3yirare
MYJITHNON-yTaumbaBama, Tae je 437 mapamerapa yTaumeHO JO KOHAdyHOT R-(akropa o1
1,78 % 3a 7503 pednekcuja.

OBaj pax mpezacTaB/ba HACTaBaK MCTPaKMBama KOja Cce OJHOCE Ha EJEeKTPOHCKA
CBOjcTaBa jennmerma THoceMukapbasuma [1]. IlpeTxomHUM HCIUTHBamHMa JIepUBATa
THOCEeMUKapOa3uaa, THoceMrukapba3zoHa canuiunangexuaa [1], yrepheHo je ga BaleHTHH
CIIEKTPOHH aTOMa S KOjU HE YYeCTBYjy yV KOBaJICHTHHM Be3aMa WMajy HEXOMOTCHY
pacrmozienny  €IeKTPOHCKE TyCTHHE YHyTap Topyca cymmopa. Marme craTudke
JnedopmainmoHe TycTHHE Haller jeiumera (cnuka 1.) ykasyjy jAa je mnosiapusaimja
nedopManroHe TYCTHHE CIO0O0IHHMX €JEKTPOHCKUX IMapoBa aToMa CyMIOpa M3pa)keHHja,
HEr0 KOja THOCeMuKapOa3oHa camunmiangexuna. Haheno je nma je akymynaimmja
nedopmanmoHe €JIeKTPOHCKE TYCTHHE HApOYMTO HarjiallieHa Yy NpaBlUMa Hajjauux
N-H...S mehymonexynckux HHTEpaKIyja.

Ananuza Takol)e OTKpuBa 3Ha4yajHE pasiMKe y BpPEJAHOCTHMA W pPacropemy
€JIEKTPOCTAaTHYKOT MOTEHIMjaja y OKOJMHM aroMa CyMIopa JBa HE3aBHCHA MOJIEKYIa.
HajueratuBHMja 007acT €NEKTPOCTATHUYKOr IIOTEHIMjajla Ha TMOBPIIMHU MOJIEKYJIa
ycMepeHa je ka H atomuMa Koju rpajie HHTepakIyje ca aToMIMa CyMITopa.

N,

H2a

Cmuka 1. Mebhymonekyncke wuHrepakiuje X—H...S Tuma He3aBUCHHMX MoJeKyJa
4-metui-3-THoceMuKap6asuga ca 1eOpMaIiOHOM EJIEKTPOHCKOM I'yCTHHOM OKO aToMa
CyMIIOpa Y paBHH HOPMaJIHOj Ha MoJieKys u Ha C—S Besy.

[1] S. B. Novakovi¢, B. Fraisse, G. A. Bogdanovié¢, A. Spasojevic¢-de Biré, Crystal Growth
Design, 7 (2007), 191-195.
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Tibor J. Sabo”, Olivera Klisuri¢ and Slobodanka Stankovi¢*

"Department of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovica
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In reaction of K,[PtCls] and tetradentate H,-S,S-eddp ligand (H,-S,S-eddp =
ethylenediamine-N, N'-di-S,S-2-propionic acid) (1:1 molar ratio) the octacdral complex,
s-cis-[Pt(S,S-eddp)Cl,]-2H,0, was prepared. The yelow crystals of the comlex suitable for
X-ray analysis were obtained during crystallization from the mother solution.

Ligand S,S-eddp is coordinated as a tetradentate ligand forming three five-
membered chelate rings to platinum(IV) central metal ion. The results of X-ray analysis
indicate that the complex crystallizes as dyhidrate. This compound crystallizes in the
bipyramidal crystal form. In the crystal packing numerous hydrogen bonds of the N-H:--O,
C-H--+O and C-H---Cl type exist.

Crystallographic data: formula CgH,,CL,N,OgPt, M; = 270.13, tetragonal, space
group P42,2, a = b = 6.878(5), ¢ = 35.699(5) A, ¥V = 1688.8(18) A’, Z = 8,
D, =2.125Mg m>, p=8.66 mm ", Tyin = 0.638, Tax = 0.383, S = 1.17, R, = 0.046 for
1810 reflections with 7 > 2o(/), wR, = 0.086 for 1934 independent reflections and 113
refined parameters. All calculations were performed using SIR92, SHELXL.97, PARST and
PLATON, as implemented in the WinGX system of programs.
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Oktaedraski kompleks s-cis-[Pt(S,S-eddp)Cl,]-2H,0 sintetisan je u reakciji izmedu
K,[PtClg] i tetradentatnog liganda S,S-eddp (eddp = anjon etilendiamin-N,N'-di-S,S-2-
-propionske kiseline) u molskom odnosu 1:1. Zuti kristali kompleksa pogodni za
rendgensku analizu dobijeni su kristalizacijom iz mati¢nog rastvora.

Ligand S§,S-eddp je koordinovan za Pt(IV) centralni metalni jon kao tetradentatni
ligand formirajuéi tri petoclana helatna prstena. Rezultati rendenske strukturne analize
ukazuju na to da ovaj kompleks kristaliSe kao dihidrat. Kristali ovog jedinjenja su
bipiramidalne kristalne forme. U kristalnom pakovanju postoje brojne vodoni¢ne veze tipa
N-H:-0O, C-H--O i C-H--CL

Kristalografski podaci: formula CgH»,CI,N,OgPt, M, = 270,13, tetragonalni sistem
prostorna grupa P4,2,2, a = b = 6,878(5), ¢ = 35.699(5) A, V = 1688.8(18) A°, Z = 8,
Dy=2,125Mgm>, g=8,66 mm "', Tpin= 0,638, Tpox = 0,383, S = 1,17, R, = 0,046 za
1810 refleksija sa I > 20([), wR, = 0,086 za 1934 nezavisnih refleksija i 113 utaénjavanih
parametara. Sva izracunavanja su vrSena koriS¢enjem programa SIR92, SHELXL97,
PARST i PLATON kao delovima WinGX sistema.
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Recently, it was shown that chelate rings with delocalized n-bonds can be involved in
noncovalent interactions in ways similar to aromatic organic molecules. Chelate rings can be
involved in CH/n interactions as hydrogen acceptors with organic moieties' and in stacking
interactions with aryl rings.”* Our previous results show that there are stacking interactions
between chelate and aryl rings containg six carbon atoms (Cg-aryl) in crystal structures of
square-planar transition-metal complexes.” These observations could be connected with an
assumption that planar chelate rings with delocaliyed m-bonds can have aromatic character. In
order to find out whether metal type influences the stacking interactions of phenyl rings in
square-planar complexes, geometrical parameters for Cu, Ni, Pd and Pt complexes, with and
without chelate rings, were analyzed and compared.’ By searching the Cambridge Structural
Database, 220 structures with Cu complexes, 211 with Ni complexes, 285 with Pd complexes,
and 220 with Pt complexes were found. The results show that the chelate ring has a tendency to
make the stacking interaction with the phenyl ring independent of metal type in the chelate ring.
However, there are some differences among metals for complexes without a chelate ring. There
are a number of structures containing Pd and Pt complexes, without chelate rings, that have
short carbon-metal distances and parallel orientations of the phenyl ring with respect to the
coordination plane. It was found that some of these complexes have a common fragment, CN,
as a part of the ligands. This indicates that the CN supports stacking interactions of square
planar complexes with the phenyl ring.

[1] G. A. Bogdanovié, A. Spasojevic¢-de Bire, S. D. Zari¢, Eur. J. Inorg. Chem. (2002), 1599
[2] Z. D. Tomié, D. N. Sredojevié, S. D. Zari¢, Crystal Growth & Design, (2005), 6, 29-31

[3] D. N. Sredojevi¢, Z. D. Tomié, S. D. Zari¢, Cent. Eur. Journal of Cemistry, (2007), 5, 1-11
[4] D. N. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zari¢, CrystEngComm, (2007), 9,
1-7
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HenaBHo je moka3aHO Ja XeNaTHH IPCTEHOBH ca AENOKAIN30BaHUM T-Be3aMa MOTY
OWTH yKJbYYEHHM y HEKOBAJICHTHE HMHTEpakllMje Ha HAa4YMH KOjU je OCOOEH 3a apoMaTHyHe
OpraHcke MoJieKyJie. XellaTHU MPCTEHOBH MOTY OUTH yKJbyueHH y rpahere CH/m nnTepakimja
KA0 AKIENTOPH BOJOHMKA Ca OPraHCKHM JIMraHauMa'’ M y CTEKHHT HHTEpAKIMje ca apui
npcreHoBuMa.”’ Halm TpeIXOJHM pesyiTaTH IOKa3yjy Ja TOCTOje CTEKHHI HHTEPaKIHje
n3Mel)y XemaTHMX ¥ apui IIpCTEHOBa KOjU cajpxke miecT aroma yribeHuka (Cg-aryl) y
KPHCTAHAM CTPYKTypaMa KBaJpaTHO-TIIAHAPHMX KOMIUIEKCA TpenasHuX Mertana.” Osa
omakama MOTY OHTH IIOBE3aHA Ca IPEANOCTaBKOM Ja IUIAHAPHM XEJATHU IIPCTCHOBH Ca
JIeJIOKaJIM30BaHUM TT-Be3aMa MOT'Y Jia TIOCeyjy apOMaTHYHH KapakTep. Y HUJby UCIIUTHUBAKkA 1a
JM THI MeTala MMa yTHIlaja Ha CTEKMHI HMHTepakuuje m3Mely (eHwmn rpyne m KBaapaTHoO-
IUTAHAPHUX KOMILIeKca Ipelia3HuX Mertana, reomerpujcku napamerpu 3a Cu, Ni, Pd u Pt
KOMIUIEKCE, KOjH CafpKe M KOjH He Caapike XelaTHe IPCTEHOBE, Cy aHATW3MPAHM U ropehenn.’
[perpaxyjyhu KemOpuuky kpucranorpadeky O6anky mnoxparaka (CSD) , mponaheno je 220
cTpykTypa komiuiekca Cu, 211 crpykrypa Ni komruiekca, 285 crpykrypa Pd xomruiekca, u 220
cTpykrypa Pt komrutekca. Pesynrary nokasyjy Ja XenaTHH PCTEHOBH MOCEY]y TEHACHIN]Y 32
rpaljeme CTEKMHI WMHTEpaknuja ca (hEeHWJI TPYIOM HE3aBHUCHO OJ THUIA METaja Yy XelIaTHOM
npcreny. MehyrtuM, mocroje ozxpeleHe pasimke JyK MeTana 3a KOMIUIEKCE KOjU HE cajipiKe
xenarHe npcreHose. [locroju onpehen 6poj crpykrypa Pd m Pt kommiekca, koju He caxpike
XelaTHe TPCTCHOBE, a KOJ KOjUX CE jaBJbajy ONMCKM KOHTAaKTH m3Mely Mmerana M yribeHHKa
(deHun Tpyne W KOJ KOjUX Cy paBHU (eHWI Tpyle HapajlelHO OpHjeHTHCaHe Yy OJHOCY Ha
cpeamy KoopauHanroHy paBaH. [IponaleHo je 1a BehnHa 0BUX KOMIUIEKCA CallpKH 3ajeTHUYKH
¢parment, CN, kao geo nuranga. OBo ykasyje Ha To qa CN ¢parmenT ponpunocu rpaheny
CTEKHHT MHTEPAKIHja KBaJPaTHO [UIAHAPHUX KOMILIEKCa KOjU He caJipiKe XeIaTHE IPCTECHOBE.

[1] G. A. Bogdanovi¢, A. Spasojevic¢-de Bire, S. D. Zari¢, Eur. J. Inorg. Chem. (2002), 1599

[2] Z. D. Tomi¢, D. N. Sredojevi¢, S. D. Zari¢, Crystal Growth & Design, (2005), 6, 29-31

[3] D. N. Sredojevi¢, Z. D. Tomié, S. D. Zari¢, Cent. Eur. Journal of Cemistry, (2007), 5, 1-11
[4] D. N. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zari¢, CrystEngComm, (2007), 9,
1-7
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Material sciences and the material culture becomes the base of the contemporary
archeology. From the methods of the investigations in the archeology and in material
sciences emphasised: XRF, SEM and EDS[1]. The aims of the investigations are
identification of the structure of the archeological remains and the determination of their
chemical and mineralogical content. On the base of this analysis, without demages of
investigated samples, we can get importanat informations about ages, origin and properties
of archeological remains. In this work there are investigated petrified animal fossils
originated from location of Risovaca and Petrovaradin, also microcristalline structures of
artefacts, potteries and building materials from bricks[2]. The origin of this samples are
from Felix Romuliana and from some of location near Bor the Timok Valey. In this work
are investigated the micro-crystallic structures of bronze objects originated from Celtic and
Roman periods. The archeological locations where the semples originated are the Region
Srem what means western part of Vojvodina. The samples originated from the period of 1*
century BC and 3" century AD trough Migration of Nations. The microcrystallic structures
of artefacts, decorative and rite things and coins are important informations for
archeologists. On the base of this dates they could conclude about technologies of the
materials were used in production of the investigated archeological samples, as well as
about their surface treatment by handycraft. In this work by means of microcrystallography
analysis are determinated the surface structure of romans coins known and unknown
origines.

[1] S. Fitzgerald, The 10 micron innovation —X-ray Fluorecence micro-analysis, 49.
Magyar Spektorkemiai Vandorgyules, Miskolc (2006) str. 65

[2] T. Halasi, S. Kalamkovi¢, J. Adamov, R. Halasi, M. Segedinac, MICROSCOPIC
INVESTIGATION OF ARCHEOLOGICAL SAMPLES OF PETROVARADIN
RISOVACA AND FELIX ROMULIANA, 3rd Serbian Congress for Microscopy, Sept.
25-28, Belgrade, Serbia, p.69-70.

Acknowledgment. This work performed as a part of prject /49009D, 2006-2010 financed
by the Ministry of Science and Environmental protection of the Republic of Serbia
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Materijalne nauke i materijalna kultura postaju osnove savremene arheologije. Od
metoda istrazivanja i u arheologiji i u materijalnim naukama se isticu: XRF, SEM i
EDSJ1]. Ciljevi istrazivanja su identifikacija strukture arheoloskih ostataka i odredivanja
njihovog hemijskog i mineraloSkog sastava. Na osnovu tih analiza, bez znacajnijeg
oSteCenja ispitivanih uzoraka, se mogu dobiti vazne informacije o starosti, poreklu i
osobinama arheoloskih ostataka. U ovom radu su ispitivani okamenjeni zivotinjski fosili
poreklom sa arheoloskih lokacija Risovaca i Petrovaradin, zatim mikrokristalne strukture
artefakta, grncarskih posuda i gradevinskog materijala od opeke[2]. Poreklo tih uzoraka su
Feliks Romuliana i neke druge arheoloske lokacije iz Borskog okruga, odnosno Timocke
Krajine. U ovom radu su ispitivane mikrokristalne strukture bronc¢anih predmeta, poreklom
iz keltskog i rimskog perioda. Arheoloske lokacije, odakle poti¢u ti uzorci su Sremska
regija, odnosno zapadni krajevi Vojvodine. Period nastajanja tih uzoraka je od 1. veka pne
do 3. veka ne i perioda Seobe naroda. Mikrokristalna struktura povrSine artefakta,
dekorativnih i obredskih predmeta kao i1 metalnih novci¢a su vazne informacije
arheolozima. Na osnovu tih podataka zakljuéuju i o tehnologiji proizvodnje materijla od
Cega su izradeni arheoloski uzorci i o nacinu njihove povrsinske obrade raznim zanatskim
vestinama. U ovom radu komparativhom mikrokristalografskom analizom su utvrdivane i
strukture povrsina rimskih nov¢i¢a poznatog i nepoznatog porekla.

[1] S. Fitzgerald, The 10 micron innovation —X-ray Fluorecence micro-analysis, 49.
Magyar Spektorkemiai Vandorgyules, Miskolc (2000) str. 65

[2] T. Halasi, S. Kalamkovi¢, J. Adamov, R. Halasi, M. Segedinac, MICROSCOPIC
INVESTIGATION OF ARCHEOLOGICAL SAMPLES OF PETROVARADIN
RISOVACA AND FELIX ROMULIANA, 3rd Serbian Congress for Microscopy, Sept.
25-28, Belgrade, Serbia, p.69-70.

Zahvala
Ovim se zahvaljujem Ministarstvu nauke i Zivotne sredine Vlade Republike Srbije
radi podrske ovoga rada projektom: Evropske dimenzije reforme sistema obrazovanja i

vaspitanja EVB 149009D, 2006-2010, sa temom: Osavremenjavanje i restruktuiranje
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0,0 -Diisobutyl-(S,S)-ethylenediammonium-N, N -di-2-(4-methyl)-pentanoate
dichloride [(S,S)-H,iBu,eddl]Cl, was prepared by using an esterification reaction earlier
described [1]. X-ray measurments were performed on crystalls obtained from mother
liquor.

The compound is found to crystallize in tetragonal crystal system in the chiral space
group P42. The molecular structure is shown in Figure 1. Emprircal formula
C2,H46CLN,O,, unit cell dimensions a = 15.9534(4), b = 15.9534(4), ¢ =5.2491 A, « =p=
=y=90°,V=1335.957)A*, Z=2, p.=1.177 Mg m">, (Mo K,) = 0.271 mm "', F(000) =
516. Data collection: 2.86 < @ < 30.50 °, no. of parameters: 106, R; = 0.0659,
wR, = 0.1560 for 3889 reflections with /> 2o(]).

The isolated crystalls consist of one dicationic species [(S,S)-H,iBuyeddl]*" and two
ClI' anions. The most significant hydrogen bonds for given way of packing are
N-HIN--Cl, 3.1003) A, 164(3) and N-H2N--Cl, 3.055(3) A, 158(3) ° and these
interactions form an infinite chain.

Figure 1. Crystal structure of [(S,S)-H,/Bu,eddl]Cl, (H-bonds shown by dashed lines)
[1] B. B. Kraj¢inovi¢, G. N. Kaluderovié¢, D. Steinborn, H. Schmidt, Ch. Wagner, Z. Zizak,

Z. D. Jurani¢, S. R. Trifunovi¢ and T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892—
900.
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0,0 ’-Diizobutil-(S,S)-etilendiammonium-A, N -di-2-(4-metil)-pentanoat-dihlorid
[(S,S)-H,iBu,eddl]Cl, dobijen je u reakciji esterifikacije, kao i srodna jedinjenja opisana u
literaturi [1]. Rendgenska strukturna analiza uradena je na monokristalima dobijenim iz
filtrata.

[(S,S)-H,iBuyeddl]Cl, kristaliSe u tetragonalnom kristalnom sistemu u hiralnoj
prostornoj grupi P42. Molekulska struktura prikazana je na Slici 1. Empirijska formula
C»nHyCLN,O,4, dimenzije jedini¢ne Celije a =15,9534(4), b = 15,9534(4), ¢ = 5,2491 A,
a=B=y=90° V=1335957) A, Z=2, p. = 1,177 Mgm™, (Mo K,) = 0,271 mm ',
F(000) = 516. Opseg: 2,86 < 8< 30,50 °, broj parametara: 106, R, = 0,0659, wR, = 0,1560
za 3889 refleksija sa / >20(]).

Dobijeni monokristali sastoje se iz jednog dikatjona [(S,S)-H,iBu,eddl]*" i dva CI°
anjona. Najznacajnije vodoni¢ne veze za dati na¢in pakovanja jesu N-H1---Cl, 3,100(3) A,
164(3) °i N-H2--Cl, 3,055(3) A, 158(3) ® i ove interakcije formiraju beskonacan lanac.

Slika 1. Kristalna struktura [(S,S)-H,iBu,eddl]Cl, (H-veze su prikazane isprekidanim
linijama)
[1] B. B. Krajé¢inovié, G. N. Kaluderovi¢, D. Steinborn, H. Schmidt, Ch. Wagner, Z. Zizak,

Z. D. Jurani¢, S. R. Trifunovi¢ and T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892—
900.
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A-1090 Wien, Austria
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Natural as well as synthetic metal arsenates and vanadates often form tetrahedral-
octahedral framework structures with potentially interesting properties (e.g., ion
conductivity, ion exchange and catalytic activity). In an ongoing comprehensive study of
hydrothermal synthesis, crystallography and properties of arsenate and vanadate
compounds in the insufficiently known system M10-M20-X,05-H,0 (M1 = Sr**, cd*,
Ba®’, Bi*", Hg*"; M2 = Mg®", Mn?"**, Fe*™**, Co*", Ni*", Cu*", Zn*"; X = As*", V") yielded
a large number of new M1*—(H-), M2*'~(H-) and M1-M2—(H-) arsenates and vanadates
that are characterized structurally, and, in part, also by spectroscopic techniques. In general,
the knowledge of compounds belonging to the group of M1-M2—H-arsenates and vanadates
is very poor. There are only 23 compounds belonging to this group (14 arsenates and 9
vanadates) of which 11 have been synthesized within current study. Seven of them are
minerals. Considering the ratio M1:M2, natural and synthetic M1-M2-H-arsenates and
vanadates can be divided into the following subgroups: (i) M1:M2 = 2:1 (count two
minerals belonging to the brakebushite structure type), (ii)) M1:M2 = 1.5:1 (count one
compound related to the class of open-framework materials showing catalytic and ion
exchange properties), (iii) M1:M2 = 1.33:1 (count one compound that adopts new structure
type), (iv) M1:M2 = 1:1 (count eight compounds, seven of which adopt adelite-descloizite
structure type, and one mineral), (v) M1:M2 = 1:2 (count five compounds; two arsenates
belong to the tsumcorite structure type, and other three arsenates adopt new structure types
each), (vi) M1:M2 = 1:3 (count two minerals and one synthetic compound that adopts novel
structure type, one mineral is a rare member of the crandallite group and another is similar
to the bayldonite-leningradite group of compounds), (vii) M1:M2 = 1:4 (count one mineral
adopting cubic pharmacosiderite type-structure, (viii) M1:M2 = 1:6 (count one mineral that
has a micro-porous framework structure with similarities to common zeolites) and (ix)
M1:M2 = 1:9 (count one mineral that has unique crystal structure). These new arsenates and
vanadates represent either novel structure types with a potential for technically interesting
physical and chemical properties, or known structure types with interesting crystal-
chemical properties.

Financial support of the Austrian Science Foundation (FWF) (Grant T300-N19) is
gratefully acknowledged.
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Kako mnpupoaHm, Tako M CHHTETHYKH apceHaTH M BaHAJATH MeTaja dYecTo
KPHCTAIHIIY Y OOJIMKY T€TpaelapcKo-OKTaeqapckux 3D cTpykTypa 3aHUMIBMBHX (PU3HUKO-
XEMHJCKHX CBOjCTaBa, Kao CTO Cy JOHCKa MPOBOJHOCT, MOIYHHOCT HM3MEHE KaTjoHa U
KaTaJlUTU4Ka  aKTUBHOCT. Y  TOKYy  WCTpaXHBama  XHUJIPOTEPMAJHE  CHHTE3E,
KpHUCTaIOrpadCcKuxX W (PU3MIKO-XEeMHjCKHX OCOOMHA apceHaTa W BaHAJaTa W3 HEJOBOJHHO
nosuaror cuctema M10-M20-X,0s-H,0 (M1 = Sr*', Cd**, Ba®", Bi*", Hg*"; M2 = Mg*',
Mn*"*, Fe?™**, Co*", Ni*', Cu*', Zn*"; X = As™, V5+) nobujeHn cy OpojHU M12+—(H—),
M2* <(H-) u M1-M2—(H-) apcenaru u Banagati. OHM Cy MCIIMTAHH METOJOM PEH/ICHCKE
mudpaknyje Ha MOHOKpUCTALy M JAeIUMHYHO KopumhemeMm uH(paunpBene u Paman
cnekrpockonuje. M1-M2-H-apcenatu u BaHagaTH Cy HEJOBOJBHO UCIIUTAHU. Y TOj TPYIH
mocroju camo 23 jenumema (14 apceHara u 9 BaHamaTa), o kKojux je 11 mo0ujeHo y TOKY
oBOT HmcTpaxuBama. CemxaM jennmema cy MuHepaian. Ha ocHOBY omHOoca M1:M?2 katjoHa,
NpUPOIHH U cuHTeTHUkH M1-M2—H-apceHaTtu u BaHagaTH MOTY ce MONENUTH y cienche
rpyne: (1) M1:M2 = 2:1 (1Ba MHHepaja Koja KpUCTAIHUIIY y OpakeOyMIHT CTPYKTypHOM
tuiy), (il) M1:M2 = 1.5:1 (jenHo jeumbemhe CTPYKTYPHO CIIMYHO CyICTaHIlaMa KOje UMajy
3D oTBOpeHe Mpeke W MOKa3yjy KaTaJUuTHIKe 0coOOnHEe Kao MyryhHOCTH M3MEHe KaTjoHa),
(i) M1:M2 = 1.33:1 (jemno jemumeme HOBE CTpPyKType), (iv) M1:M2 = 1:1 (ocam
JeAMbeba, 01 KOJUX Ce/laM MpUMajia aJeuT-IeCKION3UT THITY CTPYKTYpE U jellaH MUHEpa
HOBE cCTpyKType), (V) M1:M2 = 1:2 (mer jenumera; JaBa apceHara KPUCTAIHILY Y
TCYMKYPHUTCKOM THIYy CTPYKTYpe, a OCTalld apCe€HAaTH Cy CBU CTPYKTYPHO Pa3IH4YUTH H
HOBHX THUIIOBa CTPYyKTypa), (vi) M1:M2 = 1:3 (aBa MUHEpana W jeIHO jeIULCHE HOBE
CTPYKTYpe; NpBM MHUHEpall je 4jaH peTKe KpaHIAJIUT Tpyle CYICTaHLHU, a JApyru
KpUCTaNHIIE Y 0ajIIOHATCKO-TICBHHTPAICKO] TPYITH CYNCTaHI), (vil) M1:M2 = 1:4 (jenan
MUHEpa KOj! TpUTaia TeCepaaTHoM (papMaKOCHICPUTCKOM THITY CTPYKType), (viii) M1:M2
= 1:6 (jeman MHMHEpaJl MUKPOIIOPO3HE CTPYKType ciaudHe 3eosmTtnMma) u (ix) M1:M2 = 1:9
(jeman MuHEpan HOBe CTpyKType). HoBH apceHaTn m BaHA/JaTH MeTaja MPEICTaBIbhajy HIH
HOBE THIIOBE CTPYKTypa WM Beh TO3HAaTe CTPYKType ca HMHTEPAcaHTHOM KpPHCTAIO-
XEMH]jOM.

Aymop o06oe pada 3axeamyje Hayunom ®@ondy Penyoauxe Aycmpuje (FWF)
(IIpojexam T300-N19).
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LIZN,sTI1;504 BY IN SITU XRD AND LANDAU THEORY

N. Jovié®, M. Vuéini¢-Vasic®, C. Jovaleki¢®, V. Kahlenberg®, A. Kremenovi¢®, B. Anti¢*

*Institute of Nuclear Sciences ‘Vin¢a’, PO Box 522, 11001 Belgrade, Serbia; bFaculty of
Technical Sciences, University of Novi Sad, Trg D. Obradovica 6, 21000 Novi Sad, Serbia;
‘Faculty of Mining and Geology, University of Belgrade, Pusina 7, 11000 Belgrade,
Serbia; “Institute of Mineralogy and Petrography, University of Innsbruck, Innrain 52, A-
6020 Innsbruck, Austria

e-mail: natasaj@vin.bg.ac.yu

Nanocrystalline spinel LiZn,sTi; 504 has been produced by high energy ball milling.
The crystal structure refinement has been performed using the Rietveld profile method and
Fullprof program. Sample crystallize in disorder spinel structure in space group Fd 3 m,
and has metastable cation distribution. Due to annealing crystal symmetry has changed
from Fd 3 m to P4;32. Annealing and slow cooling to room temperature led to equilibrium
cation 1:3 ordering at octahedral sites O,. The order-disorder transition was investigated by
in situ XRD diffraction and Landau’s theory of phase transition. X-ray powder diffraction
patterns were collected on a STOE STADI MP diffractometer. The phase transition has
occurred at T, = (1030 £ 10) °C. The cation migration of Li" and Zn®*" ions between the
tetrahedral 8c and octahedral 4b sites in ordered spinel, was accounted for beginning of
disordering, but the main mechanism

1.0
was cation disordering inside O,
0.8 sublattice. The linear increase of the
. 25°C lattice  parameter, a, with the
P4,32 / : :
temperature rise was observed, with

0.5-\
~ | 1040,1060
Q} 0.4 and 1100 °C

1020 °C discontinuity around T.. Landau theory
was used to analyze the mechanism of
the phase transition. Analysis of the

Fd-3m topology of the order parameter vector

0.2 space, Figure 1, could indicate
biquadratic coupling between Q; and O,

0.0 . i i i . parameters. In the temperature stability
0.0 0.2 0.4 0.6 0.8 1.0 range of the ordered phase there is a
Q2 linear relationship between Q; and Q,,

therefore linear-quadratic coupling is
Figure 1. Thermodynamically stable states  not excluded.
represented in the vector space of the order
parameters Q; and Q,.
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Nanokristalni spinel LiZn,sTi; 504 dobijen je mehanohemijskim postupkom. Kristalna
struktura uzorka utacnjena je kori$¢enjem Ritveldove profilne metode i programa Fullprof.
Uzorak kristali$e u neuredenoj spinelskoj strukturi opisanoj u prostornoj grupi Fd 3 m i ima
metastabilnu katjonsku raspodelu. Usled odgrevanja doslo je do promene simetrije kristala
iz Fd 3m u P4;32. Zagrevanjem praéenim sporim hladenjem do sobne temperature
uspostavljeno je ravnotezno katjonsko uredenje tipa 1:3 unutar oktacdarske podresetke, O),.
In situ rendgenska difrakcija i Landauova teorija faznih prelaza kori§¢ene su za proucavanje
prelaza red-nered. Difraktogrami su snimljeni na difraktometru STOE STADI MP. Fazni
prelaz je uoc¢en na T, = (1030 + 10) °C. Razuredenje pocinje katjonskom migracijom jona

Li" i Zn®" izmedu tetraedarskih 8¢ i

1.0 oktaedarskih 4b polozaja u uredenoj
spinelskoj fazi, ali osnovni mehanizam

0,81 25°C razuredenja  predstavlja meSanje jona
P4,32 .’:L unutar O, podresetke. Konstanta resetke,

0.6 Niea0c a, linearno raste sa povefenjem

~ 1040, 1060

temperature i ima prekid u okolini T..
(w] 0.4l 11100°C P p ¢

Mehanizam faznog prelaza analiziran je

Fd-3m koris¢enjem Landauove teorije. Analiza

0,2+ topoloskog prostora parametara uredenja
(Slika 1) ukazuje na moguce bikvadratno

0,0 . . . . ,  sprezanje Q; 1 (O, parametara. U
0.0 0.2 0.4 0.8 0.8 1.0 temperaturnom opsegu stabilnosti uredene
Qz spinelne faze postoji linearna zavisnost

izemdu Q; 1 Q,, ¢ime linerno-kvadtarno

Slika 1. Stanja termodinamicke stabilnosti ELLEe T
sprezanje nije iskljuceno.

u vektorskom prostoru parametara
uredenja Q;i Q;
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The spinel group of minerals, with general formula AB,0O,, has been the subject of
investigations using many different experimental techniques. The apparent simplicity of
these cubic structures gives way under close scrutiny to complex relationships among
chemical composition, structural state, etc.

Their structure (Space group Fd3m) can be described as a cubic closest-packed
array of O atoms, with one-eighth of the tetrahedral sites and one-half of the octahedral
sites filled. The formula may be written as (A,,B,)!*(B,.,A,)O, assuming stoichiometric
spinel. The terms “normal” and “inverse” are used to denote spinels for which x =0 and
x =1, respectively.

The present study is focused on structural differences of both bulk and nanosized
ZnFe,0,4 samples. Bulk ZnFe,0, was prepared by ceramic procedure, using ZnO and Fe,04
as a starting compounds. Nanosize ZnFe,O, was obtained by co-precipitation method at low
temperature using aqueous solutions of nitrate precursors [1]. The time of flight neutron
powder diffraction data were collected using special environment powder diffractometer
SEPD [2] at intense pulsed neutron source (IPNS), Argonne National Laboratory, USA at 5
and 295 K. Rietveld refinement was performed using the program FULLPROF [3].

The peak shape was defined as convolution of a pseudo-Voigt function with a pair
of back-to-back exponentials. Preliminary results are indicating increase of the unit cell
parameter a from 8.4396(2) for bulk sample to 8.464(4) A for nanosized sample collected
at room temperature. Besides obvious difference in microstructure, both bulk and nanosized
ZnFe,0, are structurally close to normal spinels with x values 0.04(2) and 0.17(8),
respectively. This is confirmed with no significant difference in A-O and B-O bond
distances of tetrahedraly and octahedraly coordinated cations. Bulk data collected at 5 K are
characterized with the presence of magnetic structure.

[1] M. Maletin, Z. Cvejic, S. Rakic, Lj. M. Nikoliv, V. V. Srdic, Mat. Sci. Forum, 518
(2006) p.p. 91-94.

[2]J. D. Jorgensen et al, J. Appl. Cryst., 22 (1989), p.p. 321-333.

[3] J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter 26
(2001), p.p. 12-19.
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Grupa minerala spinela, opste formule AB,O,4, predmet je istrazivanja razli¢itim
cksperimentalnim tehnikama. Ocigledna jednostavnost ove teseralne strukture omogucava
detaljno proucavanje slozenih odnosa izmedu hemijskog sastava, strukture, itd.

Struktura spinela (prostorna grupa Fd3m) moze se opisati kao najgusce teseralno
pakovanje O atoma gde je popunjena osmina tetraedarskih polozaja i polovina oktaedarskih
polozaja. Formula se moze napisati kao “Y(A,.B,))(B,.A,)Os, ako pretpostavimo
stehiometrijski sastav spinela. Izrazi ,,normalan“ i ,,inverzan“ spinel koriste se u slucaju
kadajex=0ix=1.

Istrazivanje u ovom radu usredsredeno je na strukturne razlike izmedu
voluminoznog i nano ZnFe,0, uzorka. Voluminozan ZnFe,O, je pripremljen keramickom
procedurom, pri ¢emu su ZnO i Fe,O; koris¢eni kao polazne hemijske supstance. Nano
ZnFe,0, je dobijen metodom koprecipitacije vodenih rastvora nitratnih prekursora na
sobnoj temperaturi [1]. Podaci TOF neutronske difrakcije na prahu prikupljeni su na
difraktometru za prah SEPD [2] u okviru intenzivnog pulsnog neutronskog izvora (IPNS)
Nacionalne laboratorije Argonne, SAD. Podaci su prikupljeni na temperaturi od 5 i 295 K.
Za utacnjavanje Ritveldovom metodom koriséen je program FULLPROF [3].

Oblik pika definisan je konvolucijom pseudo-fojktove funkcije sa parom
eksponencijalnih ¢lanova. Pocetna istrazivanja podataka skupljenih na sobnoj temperaturi
ukazuju na povecanje parametra jedinicne ¢elije a od 8,4396(2) za voluminozan uzorak do
8,464(4) A za nano uzorak. I pored ocigledne razlike u mikrostrukturi oba uzorka
(voluminozan i nano), odgovaraju¢ih x vrednosti 0,04(2) i 0,17(8), su strukturno bliska
normalnim spinelima. Ovaj zakljuCak je potvrden osustvom znacajne razlike u duzinama
veza A-O i B-O tetraedarski i oktaedarski koordinisanih katjona. Za podatke prikupljene na
5 K za voluminozan uzorak karakteristicno je postojanje magnetne strukture.

[1] M. Maletin, Z. Cvejic, S. Rakic, Lj. M. Nikoliv, V. V. Srdic, Mat. Sci. Forum, 518
(2006) s.s. 91-94.

[2] J. D. Jorgensen et al, J. Appl. Cryst., 22 (1989), s.s. 321-333.

[3]J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter 26
(2001), s.s. 12-19.
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Human bone tissue contains biominerals dispersed in an organic matrix. The major
inorganic component in the mammalian bones is a poorly crystalline calcium phosphate
(abbreviation CP), ie. hydroxyapatite, Ca;o(PO,)s(OH),, (abbreviation HAp) with a
variable Ca/P mole ratio. Therefore, HAp is of interest for biological application and bone
tissue repair.

The aim of the present work was structural and microstructural characterization of human
alveolar bone and two synthetic composite biomaterials based on calcium phosphate.
Composite biomaterials were prepared from CP coated with bioresorbable polymer
poly(DL-lactide-co-glycolide), (abbreviation DLPLG). CP/DLPLG ratio is 80/20 wt. %.
Inorganic part of sample A corresponds to the CP obtained by precipitation method and
drying at room temperature. CP which is calcined at 1150 °C is ceramic component of the
sample B. Sample C is deproteinized human alveolar bone [1, 2]. The X-ray powder
diffraction patterns showed that sample which was not calcined as well as humane alveolar
bone contained only HAp, while material which was calcined at 1150°C contained both
HAp and p—tricalcium phosphate, Ca;(POy), (abbreviation f~TCP). Based on quantitative
X-ray analysis we obtained HAp/S—TCP ratio 72.68/27.32 wt. %.

Determination of structural and microstructural parameters of mentioned samples was
carried out using Rietveld refinement. The refinement was performed with the FullProf
computing program [3]. Microstructure analysis shows elongated shapes of crystallites of
investigated samples (anisotropic extension along the 00! crystallographic direction). The
obtained crystallite size values are as follow: sample 4 50.57, sample B 63.7, and sample C
17.93 nm. R,,, values were 10.50, 10.00, and 12.1 % for samples 4, B and C, respectively,
which confirm good agreement between theoretical and experimental structural models.

[1] Lj. Kandi¢, M. Mitri¢ and N. Ignjatovi¢, Mat. Sci. Forum 518 (2006), 507-512.

[2] N. Ignjatovi¢, C. Z. Liu, J. T. Czernuszka, D. P. Uskokovi¢, Acta Biomat. 3 (2007) 927-
935.

[3]J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.
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Kostano tkivo coveka predstavlja biomineral dispergovan u organskoj matrici. Osnovna
neorganska komponenta koStanog tkiva sisara je slabo iskristalisao kalcijum fosfat
(skracenica CP) tj. hidroksiapatit, Ca;o(PO4)s(OH), (skrac¢enica HAp) sa promenljivim
molskim odnosom Ca/P. Zbog toga su hidroksiapatiti veoma interesantni za biolosku
primenu i reparaciju kostanog tkiva.

Cilj ovog rada bio je strukturna i mikrostrukturna karakterizacija uzorka vilicne kosti
coveka kao i dva sinteti¢ki dobijena kompozitna biomaterijala koji u osnovi imaju CP.
Kompozitni biomaterijal je dobijen oblaganjem kalcijum fosfata bioresorbilnim polimerom,
poli(DL-laktid-co-glikolidom), (skraéenica DLPLG). Odnos CP/DLPLG je 80/20 mas. %.
Keramicku komponentu u uzorku A4 predstavlja CP dobijen metodom precipitacije na
sobnoj temperaturi. CP kalcinisan na 1150 °C predstavlja kerami¢ku komponentu uzorka B.
Uzorak C je deprotonizovano kostano tkivo coveka (vili¢na kost) [1, 2].

Na osnovu rendgenske difrakcione analize utvrdeno je da nekalcinisani uzorak kao i uzorak
viliéne kosti ¢oveka sadrze samo HAp, dok uzorak koji je kalcinisan na 1150 °C sadrzi i
HAp i p-trikalcijum fosfat, Ca3(POy),, (skracenica f~TCP) i to u odnosu 73/27 mas. %.
Strukturni i mikrostrukturni parametri pomenutih uzoraka dobijeni su na osnovu Ritveldove
analize. U ovu svrhu koriS¢en je kompjuterski program FullProf [3]. Mikrostrukturna
analiza pokazuje Stapicastu formu kristalita hidroksiapatita (anizotropno izduZenje duz
kristalografskog pravca 00/). Dobijene vrednosti za veli¢inu kristalita su sledece: uzorak A
50,57, uzorak B 63,70 i uzorak C 17,93 nm.

Prikazani faktori slaganja R,, = 10.50 (uzorak 4), R,, = 10.00 (uzorak B), R,, = 12.1
(uzorak C) potvrduju dobro slaganje izmedu teorijskog i eksperimentalnog strukturnog
modela.

[[1] L. Kandi¢, M. Mitri¢ and N. Ignjatovi¢, Mat. Sci. Forum 518 (2006), 507-512.

[2] N. Ignjatovi¢, C. Z. Liu, J. T. Czernuszka, D. P. Uskokovi¢, Acta Biomat. 3 (2007) 927-
935.

[3] J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.
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Noncovalent interactions of porphyrin in porphyrin containing proteins are very
important since in the majority of different types of porphyrin containing proteins,
porphyrin is noncovalently bound. In our previous work it was shown that porphyrin in
metal complexes and in proteins can be involved in specific noncovalent interactions, CH/
interactions between CH-groups and the n-system of porphyrin [1,2]. Searching structures
of porphyrin containing proteins from the Protein Data Bank revealed that m-system of
every porphyrin ring is involved in CH/xt interactions, most of the porphyrins are making
several interactions. The amino acids involved in the interactions show high conservation
score indicating that CH/m interactions play an important role in the porphyrin-protein
stability [2].

This study aims to systematically characterize hydrophobic interactions of
porphyrins in porphyrin containing proteins. Structures of porphyrin containing proteins
from the Protein Data Bank (PDB) Select January 2007, the list of non-redundant protein
chains (25% threshold), were searched in order to find out hydrophobic interactions of
porphyrins in proteins. The study has revealed that hydrophobic interactions are commonly
found in porphyrin containing proteins and are widely present in different regions of the
protein chain, such as the backbone or side chain. Examination of the highly cross-linked
hydrophobic network points to a core of several residues with multiple contacts. These
contacts cross-link the porphyrin ring in the proteins, essentially tying them together. Side-
chains hydrophobic interactions are more frequent than those with backbone. The average
conservation score for the amino acids making hydrophobic interactions with the porphyrin
is statistically significantly higher than for the amino acids that are not involved in
noncovalent interactions with porphyrin.

[1] Medakovi¢ V.B., Mil¢i¢ M.K., Bogdanovi¢ G.A., Zari¢ S.D., J. Inorg. Biochem. 98
(2004), 1867-1873.

[2] Stojanovi¢ S.D., Medakovi¢ V.B., Predovi¢ G., Beljanski M., Zari¢ S.D., J. Biol. Inorg.
Chem. 12 (2007), 1063-1071.
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Nekovalentne interakcije porfirina u proteinima koji sadrze porfirin su veoma
znacajne, uglavnom je porfirin nekovalentno vezan u razli¢itim tipovima proteina. U nasem
predhodnom radu je pokazano da porfirini u kompleksu sa metalima i proteinima mogu biti
uljuceni u specifiénim nekovalentnim interakcijama, CH/n interakcijama izmedu CH-grupa
i w-sistema porfirina [1,2]. Pretrazivajuéi strukture proteina koji sadrze porfirin u PDB bazi
otkriveno je da m-sistem svakog porfirinskog prstena ucestvuje u CH/r interakcijama,
mnogi od porfirina grade nekoliko interakcija. Aminokiseline uklju¢ene u interakcije
pokazuju visok stepen konzervativnosti $to ukazuje da CH/z interakcije imaju vaznu ulogu
u stabilnosti proteina u kompleksu sa porfirinima.

Cilj ovih istrazivanja je sistematska karakterizacija hidrofobnih interakcija
porfirina u proteinima koji sadrze porfirin. Za ispitivanje pojave hidrofobnih interakcija
smo koristili proteinsku bazu podataka (PDB Select, januar 2007), ne-redundantna lista
(verzija 25%). Istrazivanja pokazuju da su hidrofobne interakcije u proteinima koji sadrze
porfirin prisutne u razli¢itim regionima proteinskog lanca, kao §to su polipeptidna ki¢ma ili
bocni ostaci. Ispitivanja visoko umrezene hidrofobne mreze pokazuju jezgro nekoliko
aminokiselinskih ostataka sa viSestrukim kontaktima. Ti kontakti povezuju porfirinski
prsten u proteinima, drzeci ih zajedno. Hidrofobne interakcije aminokiselinskih ostataka su
ucestalije od hidrofobnih interakcija peptidne ki¢éme. Konzervacioni skor aminokiselina
koje grade hidrofobne interakcije sa porfirinima je statisticki znacajno ve¢i u odnosu na
aminokiseline koje ne grade hidrofobne interakcije.

[1] Medakovi¢ V.B., Mil¢i¢ M.K., Bogdanovi¢ G.A., Zari¢ S.D., J. Inorg. Biochem. 98
(2004), 1867-1873.

[2] Stojanovi¢ S.D., Medakovi¢ V.B., Predovi¢ G., Beljanski M., Zari¢ S.D., J. Biol. Inorg.
Chem. 12 (2007), 1063-1071.
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Yttrium silicates have been investigated in great detail, since the double oxides of the
system Y,0;-SiO, are interesting materials in the field of applied inorganic chemistry. Up
to now, two different yttrium silicates with composition Y,Si,0; and Y,SiOs are known [1].
Originally, investigations on the technical applications of yttrium disilicate stemmed from
its promising optical characteristics. After doping with rare earth elements (REE) the
samples exhibited interesting optical properties making them potential candidates for the
production of laser materials or high-energy phosphors [2-4]. In the field of advanced
ceramics Y,Si,0; has been studied as a sintering aid for Si;N, based materials or as an
oxidation protective coating for SiC coated carbon/carbon composites [5-7]. On the other
hand, Y,Si,07 has been also investigated due to its complex polymorphism. So far seven
different modifications (a., B, v, 9,y, € and n) have been reported. Ito and Johnson [8]
established the following transition sequence of reconstructive transformations:

1225°C 1445°C 1535°C . .
>B >Y >0. These four modifications can be

synthesized from appropriate reagents by solid state reactions in the respective stability
range. The so-called y-phase corresponds to a “low-temperature” form that can be obtained
by a hydrothermal approach at about 365 °C [9]. The existence of a further polymorph (C-
Y,Si,0,) was proofed as a by-product during attempts of preparing yttrium oxotellurates
[10].

In the course of an excursion into the system Y,0;-SiO, polycrystalline material of -
Y,Si,07 has been obtained from the thermal decomposition of a precursor prepared by a
sol-gel process and subsequently characterized by X-ray powder diffraction and Raman
spectroscopy. The structure belongs to the so-called B-type of rare earth element disilicates
and was refined using the Rietveld method. a-Y,Si,0; is triclinic with @ = 6.58620(3), b =
6.62895(4), ¢ = 12.02723(7) A, o= 94.4706(4)°, B = 89.0681(4)°,y = 88.2347(4)°, V =
523.166(5) A’, space group P1, Z =4 and D, = 4.39 g/cm’. The structure (Ryp=4.7%, Ry
= 2.9%) is built from triple tetrahedral [Si;Oy4]-groups and isolated [SiOy4]-units, i.e. from a
structural point of view it belongs to the group of mixed anion silicates. The silicate anions
are located in layers parallel to (11 1). Linkage between the anionic groups is provided by
Y cations having six and eight oxygen neighbours. The corresponding coordination
polyhedra can be approximately described as distorted octahedra as well as bicapped
trigonal prisms, respectively.

Including high pressure as an additional synthesis parameter experiments performed in the
system Na,O-Y,05-Si0, revealed the existence of a novel polymorph of Y,Si,0; that was
quenched from 6.0 GPa / 1350°C. Single crystal diffraction studies on the so-called n-form
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were performed at ambient conditions. Chemical composition was determined by electron
probe microanalysis. The basic crystallographic data of n-Y,Si,0- are as follows: triclinic
symmetry, space group P-1, a = 6.6290(12)A, b = 6.5840(8)A, ¢ = 35916(5)A, a=
91.096(11)°, p= 94.534(13)°, y = 91.730(13)°, V=1561.6(4)A°, Z=12, D y=4.415 g/cm’.
The structure is closely related to that of the o-modification. As can be seen from the
comparison of Figures la and lb the similarities are not restricted to the simultaneous
occurrence of [Si304¢]- and [SiO4]-units in both polymorphs. Both compounds have the
same layer-like arrangement of sheets with silicate anions. Furthermore, within a single
sheet the same type of ribbons (type 4) can be identified. However, differences occur due to
different arrangements of these ribbons. Whereas a single sheet of the a-form is exclusively
build up from type A4 ribbons, the n-modification shows a more complex sheet structure
involving an alternating sequence of two ribbon types (4 and B).
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Figure 1. Normal view of a single tetrahedral layer for (a) a-Y,Si,0; and (b) n-Y,Si,O-.
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CRYSTAL STRUCTURES OF TWO NOVEL STYRYL LACTONES
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Goniofufurone is a dominant styryl lactone that was isolated from the plant
Goniothalamus giganteus. It shows a significant cytotoxic activity against certain human
tumour cells. As a part of our ongoing project directed to the search for new antitumour
agents, two novel goniofufurone analogues (BS33 and BS33A) were synthesized starting
from D-xylose [1]. In order to clarify the mechanism of the biological activity, crystal and
molecular structure of both derivatives was determined. Recrystallization from CH,Cl,-
hexane gave analytical samples. The X-ray diffraction data were collected on Xcalibur
diffractometer equipped with a CCD area detector using monochromated Mo Ko radiation
on 100,0(1) K for BS33 and 293(2) K for BS33A. The structures were solved by the direct
methods and refined using the program SHELXS97 and SHELXL97.
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Basic crystallographic data and refinement results are the following:
BS33. C3H304Cl, a=5.4188(2), b=13.6934(4), c=16.7257(5) A, V=1241.08(7) A’
D=1.438 Mg m>, Z=4, P2,2,2;, x=0.311 mm', F(000)=560, N=3477, I>2c(I)=1778,
N,=168, R=0.0358, R,;=0.0968, §=0.994, Appa= 0242eA , Appin=— 0347eA ?
BS33A CyoH 504, a=5.185(5), b=9.051(5), c= 9927(5) A, a=63.16(5), p=81.27(5),
y=73.38(5)°, ¥=398.2(5) A’, D,=1.344 Mg m”, Z=1, P1, 4=0.093 mm', F(000)=170,
N=1914, >20(/)=1122, N,=218, R=0.0831, R, 01415 S—l 163, Apmu=0.491 ¢ A,
Apmin=0.441 ¢ A7, Conformatlonal analysis of the molecules confirms the cis-bonding of
H atoms of the condensed five-membered rings and that m-electron system of the phenyl
ring builds an angle of approximately 90° with the rest of the molecule. The biological
activity analaysis has been shown that both compounds exhibit a potent cytotoxicity
towards selected human tumour cell lines.

[1] B. Sreco, G. Benedekovié, V. Koji¢, G. Bogdanovi¢, M. Popsavin, V. Popsavin, 45

Meeting of the Serbian Chemical Society, Novi Sad, 25-26 January 2007. Proceedings, p.
126.
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Goniofufuron je dominantni stiril-lakton izolovan iz biljne vrste Goniothalamus
giganteus, koji pokazuje znacajnu citotoksi¢nu aktivnost prema ¢elijama izvesnih humanih
tumora. U okviru istrazivanja usmerenih na iznalazenje novih antitumorskih agenasa,
sintetizovna su dva nova analoga goniofufurona (BS33 i BS33A), polaze¢i iz D-ksiloze [1].
U cilju rasvetljavanja mehanizma bioloske aktivnosti odredena je kristalna i molekulska
struktura ova dva derivata. Ispitivani uzorci su iskristalisali iz rastvora metilen hlorida i
heksana. Intenziteti difrakcionih refleksa izmereni su na automatskom difraktometru
Xecalibur sa CCD area detektorom, koris¢enjem Mo Ka zrac¢enja na 100,0(1) K za BS33 i na
293(2) K za BS33A. Strukture su reSene direktnim metodama i utanjene koriS¢enjem
programa SHELXS97 i SHELXL97.
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Osnovni kristalografski podaci, kao i rezultati utaénjavanja su slede¢i:

BS33. C;3H;304ClL a=5,4188(2), b=13,6934(4), c=16,7257(5) A, V=1241,08(7) A’,
D,=1,438 Mg m”, Z=4, P2,2,2,, u=0,311 mm', F(000)=560, N=3477, I>20(1)=1778,
Np,=168, R=0,0358, R,,=0,0968, §=0,994, Ap;n.—=0,242 e A2, Appin=0,347 e A7,

BS33A. CyH ;304 a=5,185(5), 5=9,051(5), ¢=9,927(5) A, @=63,16(5), B=81,27(5),
y=73,38(5)°, V=398,2(5) A’, D,=1,344 Mg m”, Z=1, P1, 4=0,093 mm ', F(000)=170,
N=1914, I>20(I)=1122, N,=218, R=0,0831, R,=0,1415, S=1,163, Appn,—0,491 e A~
Apmin=0,441 e A3, Konformaciona analiza molekula potvrduje cis-vezu H-atoma
kondenzovanih petoclanih prstenova, kao i da m-elektronski sistem fenilnog prstena zaklapa
ugao od priblizno 90° sa ostatkom molekula. Analize bioloske aktivnosti pokazala je da oba
jedinjenja ispoljavaju snaznu in vitro citotoksi¢nost prema celijskim linijama odabranih
humanih tumora.

[1] B. Sre¢o, G. Benedekovi¢, V. Koji¢, G. Bogdanovi¢, M. Popsavin, V. Popsavin, XLV

Savetovanje Srpskog hemijskog drustva, Novi Sad, 25-26. januar 2007. I1zvodi radova, str.
126.
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Over the past two decades, substantial effort has been directed toward developing
potent inhibitors of aromatase. Formestane (4-hydroxyandrostenedione) was used widely
during the early 1990's, but it is not used frequently nowadays because of the need to
administer it by intramuscular injection. In view of the above facts, we set as a goal to
prepare some new lactones by combining 4-hydroxy-4-en-3-one system A ring of the
potent aromatase inhibitor formestane and 17-oxa-D-homo ring. Also, we have synthesized
the D-homo lactones with the 1,2-, 4,5-, 5,6-, and 6,7-epoxy function.

Structures of three of these epoxy steroidal compaunds: 4B3,5B3-epoxy-17-oxa-D-
homoandrosta-3,16-dione (1), 60,7a-epoxy-17-oxa-D-homoandrosta-1,4-diene-3,16-dione
(2) and la,2a-epoxy-17-oxa-D-homoandrosta-4,6-diene-3,16-dione (3) were confirmed by
X-ray structural analysis. The crystallograpiic data for compounds 1 and 2 were presented
before [1]. Crystallographic data for compound 3 were collected at 183(2) K on an Oxford
Diffraction Xcalibur system using Mo Ko radiation (A = 0.7107 A). The program suite
CrysAlisP'O [2] was used for data collection, semi-empirical absorption correction and data
reduction. Structure was solved with direct methods using SIR97 [3] and were refined by
full-matrix least-squares methods on F? with SHELXL-97 [4]. The compound 3 (C;yH,,04)
crystallizes in the orthorhombic system, space group P2,2,2,, with the unit cell parameters
a=8.353(2), b=12.214 (2), c=15.566 (3) A, and Z=4, D,=1.315 Mgm~, £=0.09 mm™. The
final R factor is 0.055 for 2626 independent reflections with /> 26(/).

Compound 2 was tested in the denucleated ovarian fraction from PMSG pretreated
female rats [1]. The well-known aromatase inhibitor formestane, with an inhibitory capacity
of 99.2% at 1uM, was used as a reference compound. Other two compounds (1,2) were
evaluated for their cytotoxic activity against MCF-7, human breast adenocarcinoma
ER+,MDA-MB-231, human breast adenocarcinoma ER-, PC3, prostate cancer, and MRC-
5, normal fetal lung fibroblasts [1].

[1] E. Purendi¢, M. Saka&, M. Zavi§, A. Gakovié, J. Canadi, S. Andri¢, O. Klisurié, V. Koji¢, G.
Bogdanovi¢, K.P. Gasi, Steroids 73 (2008), 681-688.

[2] CrysAlisPro Software system; Oxford Diffraction Ltd., vers. 171.32 Oxford, UK, 2007.

[3] A. Altomare, M.C. Burla, M. Camalli, G.L. Cascarano, C. Giacovazzo, A. Guagliardi, A.G.G.
Moliterni, G. Polidori, R. Spagna, J. Appl. Cryst. 1999, 32, 115-119.

[4] G.M. Sheldrick, (1997). SHELX97. University of Gottingrn, Germany
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Tokom protekle dve decenije istrazivanja na polju razvoja inhibitora aromataze su
intezivirana. U ranim devedesetim godinama proslog veka formestan (4-
hidroksiandrostendion), druga generacija inhibitora aromataze, je Siroko upotrebljavan, dok
danas to nije slucaj zbog toga $to se on administrira isklju¢ivo intramisi¢no. Imajuci u vidu
sve ove probleme, sintetizovan je niz laktona sa kombinacijom 4-hidroksi-4-en-3-onskog
sistema A prstena potentnog inhibitora aromataze formestana i 17-onskog-D-homo prstena.
Takode su sintetisati laktoni sa 1,2- 4,5- 5,6 1 6,7- epoksi funkcijom.

Strukture tri od ovih epoksi steroidnih jedinjenja: 4f,5B-epoksi-17-oksa-D-homoandrosta-
3,16-dion (1), 6a,70-epoksi-17-oksa-D-homoandrosta-1,4-dien-3,16-dion (2) and lo,20-
epoksy-17-oksa-D-homoandrosta-4,6-dien-3,16-dion  (3) su potvrdene rendgenskom
strukturnom analizom. Kristalografski podaci za jedinjenja 1 i 2 predhodno su objavljeni
[1]. Kristalografski podaci za jedinjenje 3 su prikupljeni na temperaturi od 182(2) K na
Oxford Diffraction Xcalibur difraktometru uz upotrebu Mo Ka zradenja (A = 0.7107 A).
Programski paket CrysAlis"™ [2] upotrebljen je za prikupljanje, semi-empirijsku korekciju
na apsorpciju i redukciju podataka. Struktura je reSena uz pomoc¢ direktnih metoda
upotrebom SIR97 [3] programa i utaénjena upotrebom SHELXIL-97 programa [4].
Jedinjenje 3 kristaliSe u ortorombi¢nom kristalografskom sistemu, prostorna grupa P2,2,2,,
sa parametrima elementarne éelije: a=8,353(2), b=12,214 (2), c=15,566 (3) A, and Z=4,
D~=17315 Mgm’3, 10,09 mm’’. Konacna vrednost R faktora je 0,055 za 2626 nezavisnih
refleksija sa /> 2o(/).

Jedinjenje 2 je testirano na potentnost inhibicije aromataze, a kao referenca je
upotrebljen poznati inhibitor aromataze formestan sa inhibitornim kapacitetom od 99,2% na
1 uM. Ostala dva jedinjenja (1,2) testirana su na mogucu citotoksicnu aktivnost na MCF-7,
humani adenoma karcinom dojke, ER+, MDA-MB-231, humani adenoma karcinom dojke,
PC3, kancer prostate i MRC-5, normalni fetalni pluéni fibroblast [1].

[1] E. Durendié, M. Saka&, M. Zavi§, A. Gakovié, J. Canadi, S. Andri¢, O. Klisurié, V. Koji¢, G.
Bogdanovi¢, K.P. Gasi, Steroids 73 (2008), 681-688.

[2] CrysAlisPro Software system; Oxford Diffraction Ltd., vers. 171.32 Oxford, UK, 2007.

[3] A. Altomare, M.C. Burla, M. Camalli, G.L. Cascarano, C. Giacovazzo, A. Guagliardi, A.G.G.
Moliterni, G. Polidori, R. Spagna, J. Appl. Cryst. 1999, 32, 115-119.

[4] G.M. Sheldrick, (1997). SHELX97. University of Gottingrn, Germany
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The nanoparticle samples of TiO, and TiFe 1O, (x = 0.075, 0.95 and 0.90) solid
solutions of rutile structure type were investigated from the structural, microstructural and
magnetic point of view. TEM microscopy and x-ray powder diffraction (synchrotron
radiation, wavelength A, = 0.12 A) were used for determination of nanocrystal morphology,
structure and microstructure.

The TEM analysis showed that particles adopt needle-like or arrow shape with the
thickness of 4-5 nm, while the x-ray diffraction confirmed that the samples were of rutile
structure type, without visible presence of other structure forms or impurities. This was also
confirmed by Raman scattering.

Based on results of the x-ray powder analysis from synchrotron data (FullProf
program), it was found that Rietveld method does not provide proper determination of
microstructural parameters, which is ascribed to the issues originating from specific particle
morphology (shape). In the different approach, using profile matching mode (LeBail
fitting), by the analysis of peak broadening and profiles it was possible to obtain the mean
values of microstrain, particle size and the direction of their preferential growth, which are
in good overall agreement with TEM observations.
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Uzorci nanocesti¢nih TiO, i €vrstih rastvora TisFe;.0, (x = 0,075, 0,95 i 0,90) sa
strukturom rutila ispitivani su sa stanovista strukturnih, mikrostrukturnih i magnetnih
osobina. U ispitivanju morfologije, kristalne strukture i mikrostrukture koris¢eni su TEM
mikroskopija i rendgenska difrakcija na polikristalnom materijalu (sinhrotronsko zracenje
talasne duzine 0,12 A).

Mikroskopska analiza pokazala je anizotropni rast Cestica koje poprimaju oblik tankih
Stapi¢a ili strelica debljine 4-5 nm, dok je na osnovu rendgenske difrakcije na
polikristalnom materijalu potvrdeno da je u uzorcima prisutan samo rutil, bez vidljivog
prisustva drugih kristalnih faza ili necisto¢a. Ovo je potvrdeno i analizom Ramanovog
rasejanja.

Na osnovu rendgenoske analize polikristalnog uzorka (program FullProf), utvrdeno je
da primena Ritveldove metode ne omogucéava korektno odredivanje svih mikrostrukturnih
parametara, $to je pripisano problemima koji nastaju usled specifi¢ne morfologije Cestica. U
drugacijem pristupu, koris¢éenjem LeBail-ovog (profilnog) uta¢njavanja, analizom
polusirina i profila refleksija odredene su srednje vrednosti veliCine cCestica, koje se u
velikoj meri slazu sa rezultatima TEM mikroskopske analize i pravci njihovog preferentnog
rasta, kao i srednje vrednosti parametara mikronaprezanja.
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A new structural variety of nepheline with composition Na;gsAl; ¢sSig 1503, was
obtained by single crystal growth experiments using a cryolite flux. The crystal structure
(Fig. 1) has been solved from X-ray single crystal diffraction data (Mo Ka radiation, Stoe
IPDS-2 diffractometer, 7 = 302 K) and refined in S. G. P112;, R; = 0.0294 [1]
(a=9.9897(6) A, b =9.9622(6) A, c =24.979(2) A, y = 119.788(4)°, V" =2157.4(2) A?). A
monoclinic “trinepheline” has c-lattice constant three times the corresponding unit cell
parameter observed in natural nepheline [2]. The crystal structure of monoclinic
trinepheline can be explained as a stacking sequence of a conventional nepheline unit cell
(composed of two layers) and one additional layer containing exclusively elliptical rings,
similar to those observed in a related structure reported by [3].

Figure 1. Crystal structure of monoclinic trinepheline in a projection parallel to ¢. Sodium
ions are represented by thermal ellipsoids (50% probability level).

Upon heating to 373(5) K, monoclinic trinepheline transforms to hexagonal
symmetry (S. G. P6;, a = 9.969(1) A, ¢ = 25.056(2) A, V' =2156.4(4) A*). The tripling of
the ¢ unit cell parameter is retained with very weak superlattice reflections, while the
average structure of this phase corresponds to conventional pure sodium nepheline with
P65;-symmetry [4]. Superstructure reflections are due to disorder phenomena of one apical
oxygen and one sodium ion situated in a ditrigonal ring. Upon further heating the disorder
is averaged and at 473(5) K the crystal structure corresponds to that of conventional
nepheline (S. G. P63, a =9.977(2) A, ¢ = 8.354(2) A, V'=720.2(2) A%).

P. Vuli¢, V. Kahlenberg and J. Konzett, Am. Min., 93 (2008), accepted for publication.
T. Hahn & M. J. Buerger, Z. Kristall., 106 (1955), 308-338.

V. Kahlenberg & H. Bohm, Am. Min., 83 (1998), 631-637.

B. Hippler & H. Bohm, Z. Kristall., 187 (1989), 39-53.
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MOHOKJIMHUYHU TPUHE®EJINH: KPUCTAJIHA CTPYKTYPA
N ITIOHAITABE HA TTIOBUIIEHUM TEMIIEPATYPAMA.
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*Institute of Mineralogy and Petrography, Leopold—Franzens University Innsbruck, Innrain
52, 6020 Innsbruck, Austria
e-mail: Predrag.Vulic@uibk.ac.at

HoBu Bapumjerer Hedenmua cactaBa NajgsAlygsSig sOs, je noOujeH pactom
KpucTana y kpuoiutckoMm (paykcy. Kpucranna crpykrypa (Cin. 1) je permena u3 momataka
moOujeHnx  audpakmujoM Ha MoHOKpucTamy (Mo Ko 3paudeme, Stoe IPDS-2
mudppakromerap, 7= 302 K) u yraumena y I1. IT'. P112,, R; = 0,0294 [1] (a = 9,9897(6) A,
b = 9,9622(6) A, ¢ = 24,9792) A, y = 119,788(4)°, V = 2157,4(2) A%). Tlapamerap
jennuuyHe henuje ¢ MOHOKIMHUYHOT TpHHedeInHa je TpocTpyko Behu Hero oarosapajyhu
napameTap npupogHor HedenunHa [2]. KpucramHa CTpyKTypa  MOHOKJIMHHYHOT
TpuHe(deIMHA MOXKE Ce JOOUTH y3aCTOITHHUM ClIaralkeM jequHUYHE henuje Hedenuna (Koja
Ce cacToju W3 JBa CJI0ja) W JOAATHOT CJioja M3rpaljeHOr HMCKJBYYHMBO O] CIUNTHYHHUX
IECTOWJIAaHUX TEeTpaelapCKuX MPCTeHoBa [3] y mpaBIily HOPMAJIHO Ha ¢ OCYy.

Cauxa 1. Kpucranza cTpyKTypa MOHOKJIMHUYHOT TPUHE(EITHHA TOCMaTpaHa y MPaBILy C.
JoHu HaTpUjyMa Cy PEACTaB/bCHH TCPMAIHUM CIIUIICOUTUMA.

3arpeBamem 10 373(5) K MOHOKIMHWYHM TpHHEEIHH ce TpaHchOpMHIIE Yy
xekcaronanny cumerpujy (IL T. P6,, a = 9,969(1) A, ¢ = 25,056(2) A, V' =2156,4(4) AY).
Tpoctpyko Behm ¢ mapamerap je odyBaH, aimu cy oxarosapajyhe pedurexcuje
CyTmepcTpyKType BeoMa ciabe. Cpenma CTPYKTypa ciIndHa je cTpykTypu Na HedennHa P6;
cumerpuje [4]. Pedmekcuje cymepcTpykType TOCIeAniia Ccy HeypeheHOCTH jemHor of
aNMKaTHAX KUCEOHHKAa M HATPHjyMa KOjH C€ Halla3W y JUTPUTOHAIHOM IpcTeHy. Jlasbum
sarpeBameM 10 473(5) K crpykrypa npenasu y Hedenun (II. T. P6s, a = 9,977(2) A,
c=8354Q2) A, V'=720,2(2) A*).

[1] P. Vuli¢, V. Kahlenberg and J. Konzett, Am. Min., 93 (2008), mpuxsahen pa.
[2] T. Hahn & M. J. Buerger, Z. Kristall., 106 (1955), 308-338.

[3] V. Kahlenberg & H. Bohm, Am. Min., 83 (1998), 631-637.

[4] B. Hippler & H. B6hm, Z. Kristall., 187 (1989), 39-53.
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Using hydrothermal method (Teflon-lined steel autoclave, T = 473 K, 192 hours)
title compound crystallised as blue prismatic crystals up to 100 um in length from an
aqueous mixture of Cd(OH),, (NH4),HPO, and CuCl,*2H,0. Green prismatic crystals of
Cu,(PO4)OH and colourless NH,CI crystallised in a similar amount. The qualitative EDX
analysis confirmed the presence of Cd, Cu and P. The crystal structure was refined using
single-crystal X-ray diffraction data (CCD detector, Mo Ka radiation, 298 K, 2,,.x = 60°).
The refinement on F* (62 free parameters) yielded R, = 0.0206, wR, = 0.0434 using 803
unique reflections; for 745 observed reflections with 7 > 20([), R; = 0.0176. Crystal data:
space group P 1, a = 4.7982(3), b = 5.5801(3), ¢ = 6.7217(3) A, a = 74.266(3),
S =186.330(3), y = 69.924(3) °, ¥ = 162.62(2) A, Z= 1. The crystal structure is very similar
to several published phosphates Cu;3(POy),, Co3(POy4), [1], (Mg0.21,Cug.79)3(POy), [2], and
arsenate Zn,Cu(AsO,), — mineral stranskiite [3], but not with monoclinic
Cd, 35Cuy ¢5(POy),, which has very similar chemical composition [4].

The crystal structure of the Cd,Cu(POy), is built up of CdOs CuO,4, and PO,
coordination polyhedra. The cadmium atom is surrounded by six O atoms forming a 5+1
(the sixth atom is at a longer distance of 2.716 A) coordination polyhedron, which can be
described as an extremely distorted octahedron (<Cd—O> = 2336 A). Two CdOq
polyhedra, sharing the 04—04' (i = -x,-y,-z) edge, form Cd,0;, dimmers, which are further
polymerized in a double chains along a-axis. The copper atom, located on an inversion
centre, is coordinated by four O atoms with an average Cu—O bond distance of 1.941 A
forming slightly distorted square-planar coordination (O2—Cu—O3 bond angles are
91.6(1) and 88.4(2) °). The phosphorus atom exhibits an usual tetrahedral coordination by
four O (<P-O> = 1.541 A). The PO, tetrahedra are connected to both, CdOs and CuQ,
polyhedra, and with CuO, polyhedra generate Cu(PO,), chains extending along the same
[100] direction.

The second author gratefully acknowledges the financial support of the Austrian
Science Foundation (FWF) (Grant T300-N19).

[1] J.B. Forsyth, C. Wilkinson, S. Paster, and H. Effenberger, J. Phys.-Condens. Mat., 2
(1990) 1609-1617;

[2] A. Moqine, A. Boukhari, E.M. Holt, J. Solid State Chem., 108 (1994) 193-197;

[3] P. Keller, H. Hess, P.J. Dunn, TMPM, 26 (1979) 167-174;

[4] H. Mueller-Buschbaum, S. Muenchau, Z. Naturforsch., 51 (1996) 229-232.
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[TnaBu mpusmatudnu kpuctanu BenuunHe 10 0,10 mm moOujeHn cy Kao Mpou3BOJI
peakunje m3mehy kommonenara Cd(OH),, (NH4),HPO, n CuCl,*2H,0 y3 nomarax
JeCTHIOBaHe Boje. KpucTanu cy CHHTETHCAHH XHAPOTEPMATHOM METOJIOM Y Te(hIOHCKUM
cymoBuMa y aytokmaBuMa MopejeBor tuma (473 K, 192 h). Ksanmurarusaa SEM (EDX)
ananmu3a notepamia je npucyctBo Cd, Cu u P. Ilpukymbenu cy audpakyoHu moaany Ha
Morokpuctary (Mo Ka penarercko 3pademe, CCD paBau netexrop, 298 K, 20,,.x = 60 ©)
U yTaumbeHa je CTpyKTypa. YTaumaBameM 62 mnapamerpa jgobujenu cy cienehu R-
napametpu: R; = 0,0206, wR, = 0,0434 3a yxynuo 803 pedaekcuje u R; = 0,0176 3a 745
pedmnekcuja ca I > 20(1). Kpucranorpadckn momamm: npocropHa rpyma P 1, a = 4,7982(3),
b = 5,5801(3), ¢ = 6,7217(3) A, a = 74,266(3), B = 86,330(3), vy = 69,924(3) °,
V = 162,62(2) A, Z = 1. Cpykrypa je Beoma cimana crpykrypama docdara Cus(POy),,
Co3(POy), [11, (Mgo21,Cug.79)3(POy), [2], 1 apcenara Zn,Cu(AsOy), — MEUHEpAT CTPAHCKUUT
[3], anmu He m MonoxMHUYHOM Cd,;35Cu, 65(PO,), jenumemy Koje MMa BpJIO CIMYAH
XCMH]jCKH cacTaB [4].

Crpykrypa Cd,Cu(PO,), je m3rpahena ox CdOg, CuO4, 1 PO, KOOpAMHAIIMOHUX
nonuenapa. Kaamujym je okpysker ca mrect O aroma xoju ¢popmupajy 5+1 (mmectn atom O
je Ha myxeM pacTojamy of 2.716 A) koopaMHALMOHM HONHENap, KOjU Ce MOJKE OMHCATH
Kao eKCTpeMHO Jedopmucann okraeaap (<Cd—O0> = 2.336 A). Isa CdO, monuenpa, Koju
nere 3ajenanaky uuity 04—O04' (i = -x,-y,-z), hopmupajy Cd,0y mumepe, Koju ce maabe
MOJIMMEpPHU3Yjy Y ABOCTPYKE JaHIe TyXk a-oce. bakap jexu y LeHTpy CUMeTpuje U OKPYKEH
je ca 4 O ma mpoceunoM pactojamy Cu—O ox 1.941 A, xoju dopmupajy mano
nedopmucany KBaaparHo-TiaHapHy koopiaunaiujy (0O2—Cu—O3 yrnosu cy 91.6(1) u
88.4(2) ©). dochop je y yobuuajeHoj TeTpaemapckoj xkoopauHauujun (<P-O> = 1.541 A).
PO,-tetpacnpu cy mose3anu ca CdOg u CuO,4 momuenpuma, a ca CuO, mosmeapuma rpaje
Cu(POy), nanre koju ce Takohe npysxajy ayx mpasma [ 100].

Hpyeonomnucanu aymop 0oz paoda 3axsamyje Hayunom @ondy Penybiuxe
Aycmpuje (FWF) (Ilpojexam T300-N19).
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Conformational preferences of amino acids are very important for understanding
conformational interactions in proteins. Moreover, when used as propensities they can be
helpful in predicting secondary and tertiary structures of proteins. There are many methods
that consider protein folding and many of them use some information about the protein
secondary structure. Preferences of amino acids were introduced and calculated long time
ago and it is known that different amino acids have distinct preferences for the adoption of
helical, strand, and random coil conformation. Levitt observed [1] that 19 of 20 naturally
occurring amino acids have preferences for only one of the several types of secondary
structure, leading to a very clear classification of amino acids by their preferences. It was
shown that the preferences and classification correlate with the chemical structure of amino
acids.

The correlations of primary and secondary structures of proteins were analyzed
using large data set from the Protein Data Bank [2]. Clear preferences of amino acids
towards certain secondary structures classify amino acids into four groups: a-helix
preferrers, strand preferrers, turn and bend preferrers, and His and Cys (the latter two amino
acids do not show clear preference for any secondary structure). Amino acids in the same
group have similar structural characteristics at their Cf and Cy atoms that predicts their
preference for a particular secondary structure. All a-helix preferrers have neither polar
heteroatoms on CP and Cy atoms nor, branching nor aromatic group on the CP atom. All
strand preferrers have aromatic groups or branching on the C atom. All turn and bend
preferrers have polar heteroatom on Cj3 or Cy atoms or do not have a C[3 atom at all. These
new rules can be helpful in making predictions about non-natural amino acids.

[1] Levitt M (1978) Biochemistry 17:4277-4285

[2] S. N. Malkov, M. V. Zivkovi¢, M.V. Beljanski, M. B. Hall, S. D. Zari¢, Journal of
Molecular Modeling, in press
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TeHneHUMje aMHHO KHCEIMHA Jia Tpaje pasiiMduTe CEeKyHAapHe CTPYKTYpe cy
BEOMa BaKHE 3a pa3yMeBame NPOCTOPHUX HMHTEpakiuja y nporenHuMma. llltaBuiie, oHe
Mory OWMTH O IoMOhHM IpH MpeABUhamy CEKyHAApHE W TEepLHjaHe CTPYKTYpe IMPOTCHHA.
[Tocroju BHIe MeTOIa KOjU pa3MaTpajy YBHjame MIPOTEHHA U MHOTH OJ FbUX KOPHCTE HEKe
nHpoOpManHje O CEeKyHIApHO] CTPYKTypH mporenHa. CKIOHOCTH aMHHO KHCEIHHA CY
yOueHE W W3padyHaBaHE PEJIATUBHO JIABHO M IO3HATO j€ Ja Pa3IMYUTe aMHHO KHCEIHHE
MMajy pa3iInuuTe CKIOHOCTH IpeMa oApel)eHnM THUIOBUMA CEKyHAApHHUX CTpyKTypa. Levitt
je youno [1] na 19 o 20 aMHHO KHCENHMHA UMajy jaCHE CKJIOHOCTH IIpeMa camo I10 jeIHOM
TUITy CEKYHJApPHUX CTPYKTypa, IITO je BOJAWIO BeOMa jacHO] KiacH(UKaIMju aMHHO
kucenuHa. [loka3aHo je na Cy CKJIOHOCTM M Kiacu(HKaluja MOBE3aHH Ca XEMHjCKOM
ctpyktypom AK.

Kopenauuje wusmel)y mnpumapHe M CeKyHAAapHE CTPYKType TIpPOTEHHA CYy
aHaJM3MpaHe Ha MIUpPEeM CKyIy nportenHa u3 [Iporenncke Ganke monaraka [2]. Ha ocHoBy
JACHHUX CKJIOHOCTH aMHMHO KHCeJHHa TpemMa rpahemy oapeheHux CeKyHIapHUX CTPYKTypa,
OHEe ce KJIACH(HKY]y y YSTHUPH TpyIle: aMHHO KHCEIHMHE CKJIOHE O-XCIUKCHMa, aMHHO
KUCEJIMHE CKIIOHE B-CTpyKTypama, aMHHO KHCEIMHE CKIOHE 3aBOjHMa W aMHHO KHCEIHHE
6e3 jacaux ckioHocTH (His n Cys). AMMHO KHCENMHE KOje YMHE HCTY TPYIy MMajy HcCTe
CTpPYKTypHe Kapakrtepuctuke Ha atommma CB u Cy, xoje oapelyjy EBHXOBY CKIOHOCT
npema oxrosapajyhoj cexynmapHoj cTpykrypu. CBe aMHHO KHCEJIMHE CKIOHE rpahemy o-
XeJIMKca HeMajy HH mojapHe xerepo-atome Ha CP u Cy, HU rpaHambe HUTH apoOMaTHYHY
rpyny Ha atomy CB. CBe amMHMHO KHcelnMHEe CKIOHe rpahemy B-CTpykTypa HMajy
apoMaTH4He Tpyne wiu rpaHame Ha aromy CB. CBe AK ckiione rpahemy 3aBoja mmajy
nosapHe xerepoarome Ha aroMy Cf mim atomy Cy, unu yommre Hemajy atom Cf.

[1] Levitt M (1978) Biochemistry 17:4277-4285

[2] S. N. Malkov, M. V. Zivkovié, M.V. Beljanski, M. B. Hall, S. D. Zari¢, Journal of
Molecular Modeling, y mrammu
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CRYSTAL STRUCTURE OF POLYMERIC
(2,2’-BIPYRIDINE)(n-ISOPHTHALATO)COBALT(II),
[CO(C3H4O4)(C10H3N2)]°0

D. Poleti®, J. Rogan®, Lj. Karanovi¢®

“Faculty of Technology and Metallurgy, Karnegijeva 4, 11000 Belgrade, Serbia; Faculty of
Mining and Geology, Laboratory for Crystallography, Pusina 7, 11000 Belgrade, Serbia.
e-mail: dejan@tmf.bg.ac.yu

In the title compound, the formula of asymmetric unit is [Coy(bipy),(ipht),], where
bipy = 2,2’-bipyridine and ipht = isophthalate ion. The structure can be described as built of
two different Co(bipy)*" ions bridged by two ipht anions in a complex manner. One ipht ion
bridges two Co atoms acting as bis-chelate ligand. Another ipht ion bridges three Co atoms
with one bridging and one chelating COO group. In this way centrosymmetric double
chains extending along b-axis are formed (Fig. 1). Both Co atoms are in highly distorted
octahedral environment. The shortest intrachain Co—Co distance is 4.31 A. There are n-nt
and numerous C—H---O interactions in the structure.

The compound was prepared by hydrothermal method (a Teflon-lined steel autoclave,
heating temperature: 140 °C, heating time: 3 days) starting from an aqueous solution
containing Co(NOs),, 2,2’-bipyridine and sodium isophthalate. The structure was refined
using single-crystal X-ray diffraction data (Oxford diffractometer, CCD detector, MoKa
radiation, G, = 25.7 °, 13024 measured reflections, Ry, = 0.023, 7'= 293 K).

Crystal data: space group P1, a = 9.3376(5), b = 11.2636(5), ¢ = 16.7560(8) A,
o =98.701(4), f = 94.538(4), y = 112.325(4) °, V= 1593.4(1) A’, Z=2, p, = 1.581 gcm °,
u=1.10 mm". The refinement on F* (451 parameters) yielded R, = 0.051, wR, = 0.067,
S§'=1.01 for all data, and R, = 0.031 for 4471 observed reflections with 7> 2c(/).

Fig. 1. Centrosymmetric double chains extending along b-axis (c-axis down).

64
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Asimetri¢na jedinica jedinjenja opisanog u ovom radu ima formulu [Co,(bipy),(ipht),],
gde je bipy = 2,2’-bipiridin, a ipht = izoftalat-jon. Strukturu je najlakSe zamisliti kao da je
sastavljena od dva nezavisna Co(bipy)*'-jona, koji su premosceni slozenom mrezom dva
razli¢ita ipht-anjona (slika 1). Jedan ipht-jon premosc¢ava dva atoma Co i ponasa se kao bis-
helatni ligand. Drugi ipht-jon sadrzi jednu mostovnu i jednu helathu COO-grupu i
premoséava tri atoma Co. Na taj nain nastaju centrosimetriéni dvostruki lanci koji se
protezu duz b-ose. Oba atoma Co nalaze se u veoma deformisanom oktaecdarskom
okruZenju. Najkraée Co—Co rastojanje unutar lanaca iznosi 4,31 A. U strukturi postoje nt-m i
brojne C—H---O interakcije.

Jedinjenje je dobijeno hidrotermalnim postupkom (&eli¢ni autoklav oblozen teflonom,
temperatura zagrevanja: 140 °C, vreme zagrevanja: 3 dana) polaze¢i od vodenog rastvora
Co(NOs),, 2,2’-bipiridina i natrijum-izoftalata. Struktura je reSena i utacnjenja na osnovu
podataka dobijenih rendgenskom difrakcijom na monokristalu (Oxford difraktometar, CCD
detektor, MoKa zracenje, Gn.x = 25,7 ©, 13024 izmerene refleksije, Ry, = 0,023, 7= 293 K).

Kristalografski  podaci: prostorna grupa Pl, a=9,3376(5), b=11,2636(5),
c=16,7560(8) A, a=98,701(4), f=94,538(4), y=112,325(4) °, V'=1593,4(1) A’, Z=2,
p=1581g cm >, u=1,10 mm L. Utacnjavanje sa F? (451 parametar) dalo je R; = 0,051,
wR, =0,067, S = 1,01 za sve podatke, i R; = 0,031 za 4471 refleksiju sa / > 2o(/).

Slika 1. Naéin koordinacije izoftalat-jona.
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0,0 -dicyclopentyl-(S,S)-ethylenediammonium-N, N -di-2-propanoate chloride
dichloroform solvate, [(S,S)-H,Cp,eddp]Cl,:2CHCl; (Cp = CsHy) was synthesized by
analog method described for similar compounds [1]. A small quantity of the product was
disolved in a cyclopentyl alcohol containing small volume of CHCI; and from this solution
after a few days crystals suitable for X-ray analysis were obtained.

Crystallographic data: CyyH;3¢CIsN,Oy4, orthorhombic system, chiral space group P2,2,2,
a=14.5059(5) A , b =20.0906(1) A, ¢ = 5.2876(2) A, o= = y=90°, V= 1540.98(1) A®,
Z=2,D,= 1405 Mg/m®, (MoK,) = 0.759 mm', F(000) = 676. Data collection: 2.81 < @
< 25.68°, no. of parameters: 174, R = 0.056, wR2 = 0.1108 for 2929 reflections with / >
20(1).

In the measured crystals there are one dicationic specie [(S,S)-H,Cp,eddp]*, two CI”
anions and two chloroform molecules. The most significant hydrogen bonds for the way of
packing are N-HIN--Cl, 3.120(4) A, 168(5)° and N-H2N--Cl, 3.095(4) A, 159(4)° as
shown in Figure 1.

Cl4

ci3
Figure 1. Crystal structure of [(S,S)-H,Cp,eddp]Cl,,2CHCI; (H-bonds shown by dashed
lines)

[1] B. B. Kraj¢inovié, G. N. Kaluderovi¢, D. Steinborn, H. Schmidt, Ch. Wagner, Z. Zizak,
Z. D. Jurani¢, S. R. Trifunovi¢ and T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892-900.
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(0,0 -diciklopentil-(S,S)-etilendiammonium-N, N -di-2-propanoat)-hlorid ~ dihloroform
solvat, [(S,S)-H,Cp,eddp]Cl,-2CHCI; (Cp = CsHy) sintetisan je na slican nacin kao i srodna
jedinjenja opisana u literaturi [1]. Deo proizvoda rastvoren je u ciklopentanolu i maloj
koli¢ini hloroforma i iz tog rastvora dobijeni su kristali pogodni za rendgensku strukturnu
analizu.

Kristalografski podaci: C,oH3¢CIsN,O,4, ortorombican sistem, prostorna grupa
P212:2, a = 14,5059(5) A , b = 20,0906(1) A, ¢ = 5,2876(2) A, a = = y=90°, V =
1540,98(1) A°, Z =2, D, = 1.405 Mg/m’, (MoK @) = 0.759 mm™, F(000) = 676. Opseg:
2,81 < 8<25,68°, broj parametara: 174, R = 0,056, wR2 = 0,1108 za 2929 refleksija sa I >
20(]).

Dobijeni monokristali se sastoje iz dikatjona [(S,S)-H,Cp.eddp]**, dva anjona CI” i dva
molekula hloroforma. Najznacajnije vodoni¢ne veze za nacin pakovanja su N-H1---Cl,
3,120(4) A, 168(5)° i N-H2---Cl, 3,095(4) A, 159(4)°, kao $to je prikazano na Slici 1.

H2
cé@—

c2 & ‘m
c10 ci
ci3 Cl4
Slika 1. Kristalna struktura [(S,S)-H,Cp,eddp]Cl,-2CHCI; (prikazane H-veze)

[1] B. B. Kraj¢inovié¢, G. N. Kaluderovi¢, D. Steinborn, H. Schmidt, Ch. Wagner, Z. Zizak,
Z. D. Jurani¢, S. R. Trifunovi¢ and T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892—
900.
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The conformations and functions of crystal structures depend importantly on the
interactions with the surrounding solvent, in particular with water molecules. The
interactions of water molecule with the m-electrons of aromatic groups play important roles
[1]. The investigation of OH/n interactions between water molecule and the aromatic
groups of amino acids in crystal structures of proteins confirmed relatively frequent
occurence of aromatic interactions [2].

In this paper an analysis of crystal structures from the Cambridge Structural
Database (CSD) involving aryl rings and water molecules is presented. The crystal
structures satisfying the geometric criteria were selected and screened for short
intermolecular contacts between the water molecule and the aryl group. Three regions of
the Cg¢-aromatic ring are inspected [3,4]: the ring centar, the C-atom, and the C-C bond. The
analysis of data shows that there is substantial number of interactions with short distances
(around 3.0 A). We found in total 308 contacts where the hydrogen atom of the water
molecule is donor and the Cs—aromatic ring is acceptor. Ab initio calculations on selected
geometries of water-benzene dimers are performed and the interaction energies are obtained
using different methods and basis sets. The obtained results are compared with the
observations from the CSD search.

Figure 1. The examples of the aryl containing compounds where OH/zn interactions with
water molecule are observed.

[1] M.Mil¢i¢, S.D.Zarié, Eur. J. Inorg.Chem., (2001) 2143-2150

[2] T. Steiner, Biophys.Chem., 95, (2002), 195-201

[3] J.F.Malone, C.M.Murray, M.H.Charlton, R.Docherty, A.J.Lavery, J.Chem.Soc.,Farad.
Trans., 93, (1997), 3429-3436

[4] S.Tsuzuki, K.Honda, T.Uchimaru, M.Mikami, K. Tanabe, J.Am.Chem.Soc., 122,
(2000), 11450-11458
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Kondpopmanuje u ¢yHKOHje KPUCTATHUX CTPYKTypa 3aBUCE MHOTO O
HHTEepaKIyja ca pacTBapayeM, IO0CeOHO ca MOJIeKyJIMMa BoJie. MIHTepakuuje MoJieKyia BoJie
ca T eNEKTPOHMMA apOMATHYHHX TPyIa Urpajy 3HadajHy yiory [1]. UcrpaxxuBama OH/n
UHTepaknyja u3Mehy MolieKyla BOAE€ M apOMAaTHYHHMX TIpylla aMHHO KHCCNMHA Y
KPHCTAJIHUM CTPYKTypama IPOTEMHUMa I0Ka3aja Cy Ja Ce apoMaTh4He HHTEepaKIiHje
jaBJbajy penaTuBHO Yecto [2].

Y oBOM pajy mpeicTaB/bCHA j& aHaIM3a KPUCTATHUX CTPYKTypa KemOpuuke 0ase
nogaraka (Cambridge Structural Database (CSD)) koje ykipyuyjy aryl mpcreHoBe
MOJIEKYl Boje. I3aBojeHe cy KpucralHe CTpPyKType Koje 3aJoBoJbaBajy ozapehene
TeOMETPHUjCKEe KPUTEPHjyMe U JIONMpaHa Cy KpaTka MHTEPMOJIEKYJICKa pacTojama u3mehy
MoJieKysa Boje u apwi rpyme. Ilocmatpane cy Tpu obmactu Cg-apOMaTHIHOT HpPCTEHA
[3,4]: mentap npcrena, C-arom u C-C Be3a. AHanmM3a mojaraka 1okasyje a IoCTOju 3HaTaH
6poj MHTepaKIHja Ha KpaTKuM pacTojamuMa (oko 3 A). Iponaheno je 308 unTepaximja y
KOjuMa y4YecTBYje MOJIEKyNl BoAe kao MoHOp W Cg-apOMaTHYHH TIPCTEH Kao aKIENTop.
VYpahena cy ab initio n3padyHaBama Ha oga0paHUM reoMeTpHjamMa AuMepa OeH3eH-BOJa U
JIOOMjeHe Cy BPEIHOCTH €Hepruja MHTepaKIlfje pa3HUM MeTojgama W Oa3MCHUM CETOBHMA.
Jlobujenn momai Ccy yropehjeHu ca pesynratuma mperpare kpucramorpadcke 0ase
nojaTaka.

Cnuka 1. Ilpumepu KpHUCTaIHUX CTPYKTypa y Kojuma cy mnpumehene OH/m
uHTepakiyje u3mely MoleKkysa Bojie M apoMaTHYHUX MpcTeHoBa aryl rpyna

[1] M.Mil¢i¢, S.D.Zari¢, Eur. J. Inorg.Chem., (2001) 2143-2150

[2] T. Steiner, Biophys.Chem., 95, (2002), 195-201

[3] J.F.Malone, C.M.Murray, M.H.Charlton, R.Docherty, A.J.Lavery, J.Chem.Soc.,Farad.
Trans., 93, (1997), 3429-3436

[4] S.Tsuzuki, K.Honda, T.Uchimaru, M.Mikami, K. Tanabe, J.Am.Chem.Soc., 122,
(2000), 11450-11458
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Stacking interactions are important noncovalent forces occurring between organic
aromatic rings. In some transition metal complexes there are planar chelate rings with
delocalized bonds that can be also involved in specific types of stacking interactions.
Bipyridyl ligand has two organic aromatic rings, and by coordinating to a metal forms
planar chelate ring, therefore coordinated bipyridyl ligand forms large planar delocalized
system suitable for staking interactions.

We studied stacking interactions between bipyridyl ligands in crystal structures of
square-planar, tetrahedral and octahedral metal complexes. By searching Cambridge
Structural Database (CSD), all crystal structures of square-planar, tetrahedral, and
octahedral metal complexes with bipyrydil ligand were found (Figure). Analyzing
geometrical parameters in these crystal structures indicate stacking interactions between
bipyridyl ligands and showed mutual orientation of bipyridyl ligands and whole complexes.
The stacking interactions can orient square-planar, tetrahedral and octahedral metal
complexes in a few different ways.
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"CrexuHT" MHTEpaKIHje Cy BaKHE HEKOBAJICHTHE CHJIE KOje Cce jaBJhajy m3Mmehy
OPTraHCKHX apOMATHYHHX IIPCTEHOBA. Y KOMIUIEKCHMA MpENa3sHUX MeTaja, KOjUu caapike
IJTaHapHE XellaTHEe ITPCTEHOBE Ca JCIOKAIM30BAaHMM Be3aMa, jaBJbajy C€ CIEHU(UIHU
TUMOBH "CTEKUHI" WHTEpaKiyja. DBUNUPUIUHCKK JIMTaHi CajgpXXH JiBa OpraHcka
apoMaTHYHa MPCTEHA KOjU KOOPJMHOBAKEM Ca METAJIOM IpaJie MJIaHApHH XelIaTHU TPCTEH,
nmpy 4emy joia3d 70 moBehama JeioKaau3aluje CHCTeMa IOrOAHOI 3a "CTCKHHT"
HMHTEpaKIHje.

Mu cMo npoyuaBaiy "CTEKHHT" MHTEepaKiyje u3Mel)y OMITUpUANHCKHX JUTaHaa y
KPHUCTAaJIHUM CTPYKTypama KBaJpaTHO-TUIAaHAPHUX, TETpaeJapCKUuX W OKTaelapCKUX
komIuiekca Metana. [perpaxyjyhu KemOpnuky 6anky nonaraka (CSD) nzasojuiu cmo cBe
CTPYKTYpE KBaJ[paTHO-IUIAHAPHUX, TETPACAAPCKUX M OKTAeIapCKUX KOMILIEKCA IPeTa3sHuxX
MeTana ca OMnmupuaAnHCKAM JiuranjoM (Civka). AHAJIM30M F€OMETPHjCKUX TapaMerapa y
M3[IBOJCHUM KPHUCTAIHUM CTpyKTypama mpuMeheHe cy '"cTekwHr" wHTEpakimje m3mely
OWIMMPHUIMHCKUX JIMTaHala W TIOKazaHe cy MelycoOHe opujeHTanuje OWMUPHUIMHCKAX
JUraHaza ¥ 4NTaBUX KoMIulekca. OBe HMHTEpakiWje OpPHjCHTHINY KBaJIpaTHO-TUIAHAPHE,
TeTpaeJapcKe U OKTAeAapCKe KOMIUIEKCE Ha HEKOJIMKO PA3IMYUTUX HAYKHA.
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Studies of noncovalent interactions, including m systems, in many areas of
chemistry, biochemistry and molecular biology indicate importance of these interactions.
Ligands with aromatic rings coordinated to a metal can be involved in stacking interactions.
1,10-phenanthroline molecule consists of three organic aromatic rings, and by coordination
to a metal forms the chelate ring that also can be involved in stacking interactions.

Crystal structures of all metal complexes with coordination number four (square-
planar and tetrahedral complexes), containing 1,10-phenanthroline ligand, were found in
Cambridge Structural Database (CSD). Geometrical criteria were used to study
intermolecular interaction in crystal structures. In most of the crystal structures of square-
planar complexes 1,10-phenanthroline ligands are completely overlapped, while in most of
the crystal structures of tetrahedral complexes there is a partial overlapping of 1,10-
phenanthroline ligands (Figure).
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[IpoyuaBame HEKOBAJICHTHUX WHTEPAKIUja, YKIbYUYjYUH U T CUCTEME, Y MHOTHM
obiactuma Xxemuje, OHOXeMHje M MOJEKyJapHe OWoJIoTHje IOoKa3yje 3Hauaj OBHUX
uHTepakuuja. Jluranam ca apoMaTHMYHUM INPCTEHOBMMAa KOOPAMHOBAHMM 32 METall MOTY
yuecTBOBaTH y "crTekuHI" wuHTepakuujama. 1,10-deHaHTposMH caap>ku TpH OpraHcKa
apoMaTH4Ha IIPCTEHA, a HeTOBUM KOOPANHOBAEM 33 METal ()OPMHUpA CEe XEJIATHU MPCTECH
KOjH Takohe yuecTByje y "CTeKHHI" MHTEpaKIijama.

YV Kem0Opnukoj 6annu nmonataka (CSD) mponal)eHe cy KprucTanHe CTPYKTYpe CBUX
KOMIUIEKCa MeTajla ca KOOPOWHAMOHUM OpojeM deTHpHW (KBaJpaTHO-IUTAHAPHU U
TeTpaemapcku), koju campxke 1,10-dbeHanTponmH. 3a TpoydyaBame WHTEpAKNOHja Y
KPHUCTAJIHUM CTPYKTypama KOpUIIheH! cy reoMeTpHjCKH mapaMeTpu. Y BehuHHU cTpyKTypa
KBaJIpaTHO-TUIAaHAPHUX Komulekca, 1,10-()eHaHTPOJIMHCKK JIMraHau ce TpeKianajy y
HOTITYHOCTH, IOK C€ KOJ TeTpaeAapCKux Komiiekca (DeHaHTPOIMHCKH JIMTAaHIM MIPEKIIanajy
camo jemuum aeiiom (Cruka).
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Lead-free solder alloys, which supstituted classic lead-based solders from July
2006 due to the ecological reasons, present the subject of wide interest of experts in
materials science recently. Silver and gold-based alloys are specially interesting for the
application in electronics, and therefore the results of structural investigations of some lead-
free solder alloys in Ag-In-Sb, Ag-In-Sn, Au-In-Sb and Au-Bi-Sb systems are presented in
this paper. Mentioned alloys were experimentally analyzed using DTA, DSC, XRD, SEM-
EDX and LOM, and phase equilibria in these systems have been determined based on the
obtained results.
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LEGURA NA BAZI SREBRA 1 ZLATA
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Bezolovne lemne legure koje su iz ekoloskih razloga od jula 2006. godine
zamenile klasicne lemove na bazi olova, predstavljaju predmet Sirokog interesovanja
struénjaka u oblasti materijala poslednjih godina. Za primenu u elektronici, posebno su
interesantne legure na bazi srebra i zlata, te su iz tog razloga u ovom radu predstavljeni
rezultati strukturnih ispitivanja nekih bezolovnih lemnih legura ovog tipa u sistemima Ag-
In-Sb, Ag-In-Sn, Au-In-Sb i Au-Bi-Sb. Navedene legure su eksperimentalno analizirane
koris¢enjem metoda DTA, DSC, XRD, SEM-EDX i LOM i na osnovu dobijenih rezultata
odredene su fazne ravnoteze u datim sistemima.
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Copper concentrates contain numerous sulphide minerals, about 80-92% of the total
concentrate mass. The most importants among them are: Cu,S, CuS, CuFeS,, FeS,, FeS,
then NiS, ZnS, PbS, as well as Cu3zAsS,, As;S;, Sb,S; in certain quantities, and rare and
noble metals.

In our copper concentrates As content varies between 0,01-0,5%. In the pyrometallurgical
process of copper concentrate processing, As behaves differently, depending on applied
technological process. During roasting process, great part of As content (even more then
50%) goes to the gaseous phase, and the rest goes to the melting with the roasted material.
Therefore, during processing of the copper concentrate with higher As content, it is
necessary to remove As from copper concentrate during roasting.

The results of experimental investigation of roasting process of copper concentrate with
higher As content are presented in this paper. The chemism of the process has been
determined based on the data of XRD, ICP-OES, EDXRF and SEM analysis, as well as
previous thermodynamic and kinetic analysis.

[1] P. Balaz, M. Achmovicova, Z. Bastl, T. Ohtani, M. Sanches, , Influence of mechanical
activation on the alkaline leaching of enargite concentrate, Hydrometallurgy, 54 (2000),
205-216.

[2] J. Vinals, A. Roca, M.C. Hernandez, O. Benevente, Topochemical transformation of
copper oxide by hypochlorite leaching. Hydrometallurgy 68 (2003), 183-193.

[3] V.I. Smirnov, A.L. Tihonov, Roasting of copper ores and concentrates (In Russian),
Metallurgy, Moscow, 1966.
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FIZICKO-HEMIJSKE PROMENE KOD PRERADE
KONCENTRATA BAKRA SA POVISENIM SADRZAJEM ARSENA

Nada Strbac?, Ivan Mihajlovi¢®, Dragana Zivkovi¢* , Miroslav Soki¢"

*Tehnicki fakultet u Boru, Univerzitet u Beogradu, VJ 12, 19210 Bor, Srbija; ®Institut za
nuklearne i druge mineralne sirovine, Franse Depere 86, Beograd, Srbija

Koncentrati bakra se sastoje od veceg broja sulfidnih minerala, koji ¢ine 80-92% od mase
koncentrata. Najvazniji od njih su: Cu,S, CuS, CuFeS,, FeS,, FeS, zatim NiS, ZnS, PbSiu
odredenim koli¢inama Cu;AsS,, As,Ss, Sb,S;, kao i retki i plemeniti metali.

U doma¢im koncentratima bakra sadrzaj arsena varira od 0,01-0,5%. U procesu
pirometalurske prerade koncentrata bakra, arsen se razlic¢ito ponasa, Sto pre svega zavisi od
primenjenog tehnoloskog procesa. U procesu przenja veliki deo arsena (Cesto i vise od
50%) prelazi u gasnu fazu, a ostatak prelazi u przenac i odlazi na topljenje. Iz tih razloga,
pri preradi koncentrata sa visokim sadrzajem arsena neophodno je da se pre topljenja, izvrsi
detaljno uklanjanje arsena iz koncentrata u procesu przenja.

U radu su prikazani rezultati eksperimentalnih ispitivanja procesa przenja koncentrata bakra
sa poviSenim sadrzajem arsena. Eksperimentima, XRD, ICP-OES, EDXRF i SEM,
potvrdjen je hemizam ispitivanog procesa koji je odredjen prethodnom termodinamic¢kom i
kinetickom analizom.

[1] P. Balaz, M. Achmovicova, Z. Bastl, T. Ohtani, M. Sanches, , Influence of mechanical
activation on the alkaline leaching of enargite concentrate, Hydrometallurgy, 54 (2000),
205-216.

[2] J. Vinals, A. Roca, M.C. Hernandez, O. Benevente, Topochemical transformation of
copper oxide by hypochlorite leaching. Hydrometallurgy 68 (2003), 183-193.

[3] V.I. Smirnov, A.L. Tihonov, Roasting of copper ores and concentrates (In Russian),
Metallurgy, Moscow, 1966.
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“University of Belgrade, Technical Faculty Bor, Serbia; University of Belgrade, Mining and
Geology Faculty, Serbia; “South Danube Metals, Bor, Serbia; YVinca Institute, Belgrade,
Serbia
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Roasting process of sulphide copper concentrates in fluo-solid reactor is an oxidation
process and presents the first stage in a chain of copper concentrate treatment in Bor, so the
importance of accurate and quality process control is understandable precondition for
correct treatment in the following stages, and at least also for quality cathode copper. Pyrite
and a part of chalcopyrite from charge dissociate during the roasting process to more stable
copper and iron sulphides: bornite, pyrrhotite and magnetite, while a part of chalcopyrite
stays unchanged. RDA and chemical analysis are usually used for the reliable monitoring of
the process, so the measures of minerals stechiometric composition accordance determined
by RDA and chemical analysis using statistical method “variance analysis” are presented in
this paper.

[1] M. Coci¢, Quantitative determination of transformation products in the copper
concentrate roasting process in fluo-solid reactor, Ms. Thesis, Bor 2004, pp. 34-45.

[2] M.M.Cirkovi¢, “The study of roasting process sulphide concentrate in a reactor with
fluidized layer by air enriched on oxygen”, Ms. Thesis, Bor, 1998, pp. 3-88.

[3] Janji¢ S., Crystallographic and Mineralogical Investigation of Copper Sulphides
Minerals and Products of Pirometallurgic Processing in Bor Copper Smelter, Doctoral
thesis, Belgrade, 1978, pp. 101-110.
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°South danube metals, Bor; “Institut Vin¢a - Beograd
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Proces przenja sulfidnih koncetrata bakra u reaktoru sa fluidizacionim slojem je oksidacioni
proces i predstavlja prvu fazu u lancu prerade koncetrata bakra u Boru, te je i razumljiv
znacaj pravilnog i kvalitetnog vodenja procesa kao preduslov za korektnu preradu u fazama
koje slede, a u krajnjem i za kvalitetan katodni bakar. U procesu przenja prisutni pirit i deo
halkopirita disusosuju i prelaze u stabilnije sulfide bakra i gvozda: bornit, pirotin i magnetit,
a deo halkopirita ostaje nepromenjen. Za pouzdano pracenje ovog procesa najcesce se
koriste rendgensko-difrakciona i hemijska analiza, te su u ovom radu predstavljene mere
saglasnosti stehiometrijskog sastava minerala odredenih rendgenskom difrakcionom i
hemijskom analizom primenom statisticke metode "analiza varijanse".

[1] M. Coci¢, Mineralne transformacije pri przenju koncentrata bakra u fluo-solid reaktoru,
Magistarska teza, Bor, 2004, 34-45.

[2] MM. Cirkovié, Teorijska i eksperimentalna proudavanja procesa przenja sulfidnih
bakarnih koncetrata u reaktoru sa fluidizacionim slojem primenom vazduha obogaéenog
kiseonikom, Magistarska teza Bor, (1999)3-88.

[3] S. Janji¢, Kristalografska i mineralo{ka prouSavanja sulfidnih minerala rudnika bakra u
Boru i produkata pirometalur {ke prerade bakra borske topionice, Beograd, (1978),101-110.
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STRUCTURE AND SIZE-STRAIN MICROSTRUCTURE ANALYSIS
OF PARTIAL EXCHANGE HEXACELSIAN AND ITS FELDSPAR
PHASE

A. Radosavljevic-Mihajlovic®, P. Vulic”, R.Dimitrijevic, Lj. Karanovic, B. Matovic®

*Institute of Nuclear Sciences "Vinca", Laboratory for Materials, P. O. Box 522, 11001
Belgrade, Serbia; "Institut fiir Mineralogie und Petrographie, Leopold-Franzens-Universiti
Innsbruck, Innrain 52, 6020 Innsbruck, (Austria); “Faculty of Mining and Geology,
University of Belgrade, Pusina 7, 11000 Belgrade, Serbia.

mihajlovic@vin.bg.ac.yu

The hexacelsian (BaAl,Si,0g), prepared from Bajts zeolite in the process of thermally
induced transformation, has been partially exchange with Ca®* cation. The partial Ca®* for
Ba®'cation substitution process has been performed in the 0.21M solution of CaCl, in
autoclave and constant temperature of 180°C/7 days. The partially ion exchanged
hexagonal diphyllosilicate has a composition of (Bay¢,Cag4)Al,Si,05. During prolonged
heating it transformed to Ba,Ca celsian feldspar. Crystal structure of these two compounds
and the X-ray line-broadenings was analyzed by using the FULLPROF software. The
background intensity of each pattern was refined using linear interpolation between selected
points. Initially, the position of the peaks was corrected by successive refinements of
zero-shift. The obtained profiles were fitted by the TCH-pV (Thompson Cox
Hastings—pseudo Voight) function. Hexagonal unit-cell parameters of hexacelsian yielded
the best refinement agreement factors (R,=13.0, R,=9.73, Rz=5.54, R~=4.93) and for
monoclinic celsian unit-cell parameters factors was (R,=12.1, R,=9.15, Rz=3.20, R~=3.95).
From the X-ray line broadening analysis, the apparent crystallite sizes and strains were
calculated for the all reflections. Both f;,. and i, 1s obtained from the size parameters
contributing to the FWHM parameters.
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Xekcaren3ujad J00HjeH METOIOM HHIYKOBAaHOT TEPMUHYKOr TpeTMaHa Bajr, 3comura,
m3memuBan je Ca’’ jomuma, y 0,21M pactsopy CaCl, y ayToKmaBiMa HpH KOHCTAHTHO]
temneparpu ox 170°C/7nana. Kpucramoxemujcka (opMyia HEIUMHYHO H3MEHEHOT
xekcarensujan je (Bagg,Cag4)ALS1,05. Y NpoaykeHOM TEPMHYKOM TPETMaHy 100OHjeHa je
¢dasa Ba,Ca-enncnara. Kpucranna crpykrypa oBe aBe (ase, ka0 M aHajiu3a MIHPUHA
IudpakIMOHUX MaKcHMMyMa, HWCIHMTHBaHa je momohy kpucranorpadcekor mporpama
FULLPROF. TIlocmarpann mnpodunu yraumaBanu cy mnomohy ¢yukuuje TCH-pV
(Thompson Cox Hastings—pseudo Voight). Keanurer yraumaBama (asza naje cieaehe
BPEIHOCTH 3a KOHBeHIMOHanHe (axrope; xekcamemsujan (R,=13,0; R,=9,73; Rz=5,54;
R=4,93) u nemmujan (R,~=12,1; R,=9,15; Rz=3,20; R=3,95). U3 mocmarpanux mnpoduna,
oxmHocHO BpeaHoct FWHM, oapeljuBanu Cy MUKPOCTPYKTYPHH HapaMeTpH Sz B Psain-
Crnuke yraumeHUX (pas3a mpeacTaBibeHe ¢y Ha ciauiy la u 16.

a. HC-Ca b. MC-Ca

Crnuka 1. Yraumenu peHIreHCKH qHjarpaMu rocMarpannx dasa:(a)xekcanensujad (6) nensujan
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SYNTHESIS AND HIGH-TEMPERATURE CHARACTERIZATION
OF CERIA NANOPOWDERS

Branko Matovic °, Jelena Dukic °, Zorana Dohcevic-Mitrovic °, Biljana Babic ?,
Snezana Boskovic *, Zoran V. Popovic”, Udo Walcel ¢

Nanometric size ceria powder particles with fluorite-type structure were obtained by
applying self-propagating room temperature methods. Powder properties such as specific
surface area, crystallite and particle size and lattice parameters have been studied. High
temperature behaviour was studied using a Theta-Theta diffractometer "X-Pert MPD" from
PANALYTICAL with a heating chamber "HTK-1200" from ANTON PAAR. The
instrument is built in Bragg-Brentano geometry, the Anode was Co under 40 kV and 40
mA. Prim. Soller-slit: 0,04 rad. Divergence-slit: 0,5°, Antiscatter-slit: 1°, Sek. Soller-slit:
0,04 rad, Recieving-slit: 0,4mm in hight. Secundary monochromator: Graphite, Detector:
Gas filled proportional counter. For the measurements from RT up to 600 °C we used a step
width of 0.08° in 2 0 and a time per step of 90 s, for 800° and the final RT-measurement we
switched to 0.04° in 2 6 and 45 s/step. After the heating with a temperature slope of
20°C/min we held the sample for 20 min at the desired temperature and then started
measurements. Regular interval was 200° C, in static air. Particle size is determined using
the Scherrer equation d = 0.9A/B cos 0p, where A is the wavelength, B is the FWHM of the
Bragg peak corrected using the corresponding peak in micron-sized powder, and 05 is the
Brgg angle. It was found that the peaks are broad, suggesting presence of small crystalline
size. However, these peaks gradually sharpen with increasing heat temperature, indicating
an increasing of crystalline size. For all heated samples small shifts of XRD peaks position
toward lower angle side were observed. This behaviour can be explained by a thermal
expansion property of lattice parameters with elevating temperature. Fig 1. shows an
evolution of the (hkl) peak of the ceria.
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Fig. 1. High-temperature XRD measurement of ceria (1: 25°C, 2: 200°C, 3:
400°C, 4: 600°C).
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CHUHTE3A U BUCOKOTEMIIEPATYPHA KAPAKTEPU3ALINJA
HAHOYECTHUYHE HEPUJE

B. Marosuh?®, J. lykuh®, 3. loxuesuh-Murpopuh’, b. Bauh®, C. Bomkosuh?, 3. B.
Ionosuh®, Y. Beauen®

“MHH Bunua, “UucTUTyT 32 BusuKy, "Max-Ilnank LlTyTrapt

Peakmjom camomnponarupajyhe cuHTe3e 100HjeH je HAaHOUSCTHYHH Ipax Iepuje: Hherose
0cOOMHE Kao BEJIMYMHA KPUCTAJIHWTA, IapaMeTrap pelleTke, crelu(UyYHa IOBpIUMHA CY
npoydaBane y ¢ykuuju Ttemmeparype. Takohe je BHCOKOTEMIEPAaTYpHOM KOMOPOM
HCIUTHBAHO MOHamame npaxosa 10 800 cremenu ca kopakom o 2000 crermenu. yTBpleHo
je /Ja KpHUCTAJMTH pacT ca TeMIIepaTypoM JOK CE ce HUXOB crelu(uuHa MOBPIINHA
JpacTHYHO OMaja.
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STRUCTURAL PROPERTIES OF Ba,.,Sr,TiO; POWDER
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Barium titanate (BaTiO;) and its related compounds have been used in the preparation of
high dielectric capacitors, PTC resistors, ferroelectric memories, etc. Solid solution, ternary
Ba,Sr,TiO;, is ferroelectric, with tetragonal structure at room temperature for x < 0.3.
Curie temperature could be easily adjusted by changing of SrTiO; content in solid solution.
The traditional method of preparation of barium strontium titanate (BST) by solid state
reaction, from BaCO; or BaO, SrO, and TiO,, is not suitable for preparation of ceramics for
high performance application because the material shows large particle size,
nonhomogeneity and presence of impurities.

In our work spray pyrolysis has been applied for the production of the BST powders. It is
very difficult to prepare stoichiometric compounds of titanium because titanium salts are
mainly unstable; for example TiCly, that is unstable at room temperature and could be
already decomposed in atomizer before atomization, or Ti-isopropoxide, that hydrolyzes in
air atmosphere. For that reason we prepared Ti-citrate as the precursor for the Ti ions. Other
precursors were strontium acetate and barium acetate. The processing parameters, such as
flux of aerosol and temperature profile inside the furnace, were optimized to obtain single
phase BST. The powders were characterized by the methods of X-ray diffraction analysis,
SEM, EDS and HRTEM.

The obtained powders were submicronic, consisting of spherical, polycrystalline
particles, with internal nanocrystalline structure. Crystallite size of 10 nm, calculated using
Rietveld refinement, is in a good agreement with results of HRTEM. Based on all results it
is possible to conclude that the obtained powder is consisted of polycrystalline particles,
with hollow structure, and with significant amount of amorphous phase. This is a
consequence of high heating rate, which was inevitable to suppress formation of
carbonates. According to XRD analysis with internal standard the obtained powder contains
Ba 3Sr,TiO; phase (space group P4mm) and small quantity (~1.5 wt. %) of BaCOj; (space
group Pmcn). Also, it contains approximately 42 wt. % of amorphous phase. Final values of
lattice parameters, volume and density of BST powder, calculated by Rietveld refinement
were the following: a = b = 3.9897(3) A, ¢ = 4.0282(7) A, o. = 90% V = 64.12(1) A*; d =
5.783 g/em’. Crystallites size of BST were <t>/ais.c = 9.8 nm and <t> 4ic.c = 10.8 nm. EDS
analysis was performed at different points of the TEM figure to compare dark and bright
parts at figure, parts with and without crystal planes, as well as particle boundaries. The
spectra were almost identical at all observed points. This means that both, crystalline and
amorphous parts, contain the same, single phase BST.
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STRUKTURNA SVOJSTVA PRAHA Ba, 7Sr3;TiO; DOBIJENOG
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Materijali na bazi BaTiO; se koriste za proizvodnju dielektricnih kondenzatora
visoke kapacitivnosti, PTC rezistora, feroelektricnih memorija, i drugih elektronskih
komponenti. Cvrsti rastvor Ba;Sr,TiO5 (za x < 0,3) je na sobnoj temperaturi feroelektrik
tetragonalne strukture. Promenom udela SrTiO; u Cvrstom rastvoru lako se podesava
vrednost Kiri temperature materijala. Tradicionalna metoda sinteze Ba;.Sr,TiO; (BST)
reakcijom u ¢vrstoj fazi polazeéi od smeSe BaCO; ili BaO, SrO i TiO,, nije pogodna za
dobijanje visokokvalitetne keramike zbog prisustva aglomerata, nehomogenosti, ne¢istoca i
drugih defekata.

U nasem radu metoda ultrazvu¢nog rasprsivanja je primenjena kao moguce resenje
za dobijanje kvalitetnih prahova BST-a. Treba napomenuti da u sintezi BST-a iz rastvora
postoji ozbiljan problem izbora odgovarajuceg prekursora titana i da je vrlo tesko
pripremiti stehiometrijska jedinjenja titana zbog nestabilnosti njegovih soli. Na primer,
TiCly je nestabilan na sobnoj temperaturi i moglo bi da dodje do njegovog raspadanja i pre
atomizacije, a Ti-izopropoksid hidrolizuje na vazduhu. Zbog toga je pripremljen rastvor Ti-
citrata, a kao drugi prekursori koriS¢eni su acetati stroncijuma i barijuma. Parametri
procesiranja, kao §to su protok aerosola i temperaturni profil peéi, optimizirani su tako da
se dobije jednofazni BST. Prahovi su karakterisani slede¢im metodama: rendgenska
difrakcciona analiza, SEM, EDS i HRTEM.

Pod optimalnim uslovima sinteze dobijeni su submikronski prahovi koji su se
sastojali od sfernih polikristalnih Cestica. Veli¢ina kristalita izracunata Rietveld-ovom
metodom iznosila je 10 nm i u saglasnosti je sa razultatima dobijenim metodom HRTEM.
Na osnovu svih izvrSenih analiza moze se zakljuciti da su dobijene polikristalne Cestice
Suplje i1 da sadrze visok procenat amorfne faze. To je posledica velike brzine zagrevanja,
koja je s druge strane bila neophodna da bi se izbeglo formiranje karbonata. Prema
rezultatima XRD analize sa unutrasnjim standardom dobijeni prah sadrzi BST fazu
(prostorna grupa P4mm) i malu koli¢inu (~1.5 wt. %) BaCO; (prostorna grupa Pmcn).
Takode, prah sadrzi priblizno 42 wt. % amorfne faze. Vrednosti parametara resetke,
zapremine 1 gustine, izracunate Rietveld-ovom metodom bile su sledece: a =b = 3,9897(3)
A, ¢ =4,0282(7) A, 0. =90% V = 64,12(1) A*; d = 5,783 g/em’. Veli¢ina kristalita bila je
<t>/xise = 9,8 nm 1 <>,y = 10,8 nm. EDS analiza je uradena u razli¢itim tackama na
TEM mikrografiji, da bi se uporedio sastav svetlih i tamnih delova na slici, delova sa i bez
uocljivih kristalnih ravni, kao i na granicama zrna. Spektar je bio skoro identi¢an u svim
posmatranim tackama. To znaci da su kristalna i amorfna faza istog hemijskog sastava,
odnosno da sadrze jednofazni BST.
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X-RAY LINE BROADENING ANALYSIS IN NANOSIZE SAMPLES
USING FULLPROF PROGRAM

M. Vucinic-Vasic?, B. Antic’, A. Kremenovic™ , V. Kahlenberg®

* Faculty of Technical Sciences, University of Novi Sad, Trg D. Obradovica 6, 21000 Novi
Sad, Republic of Serbia; ® Institute of Nuclear Sciences ”Vinca”, Solid State Physics
Laboratory, P. O. Box 522, 11001 Belgrade, Republic of Serbia;* Faculty of Mining and
Geology, Laboratory for Crystallography, University of Belgrade, Djusina 7, 11000
Belgrade, Republic of Serbia; ° Institute of Mineralogy and Petrography, University of
Innsbruck, Innrain 52, A-6020 Innsbruck, Austria

e-mail: milicavv(@uns.ns.ac.yu

Microstructure parameters, crystallite size and microstrain, in nanosize oxides, were
obtained from X-ray powder diffraction data with the Fullprof program. Nanoparticle
Yb,0; and Y,0;/Gd,O; were synthesised by thermal decomposition of acetylacetonato
complexes. X-ray powder diffraction data were collected on a Stoe STADI MP
diffractometer (CuKal), Ge monochromator and PSD detector. Sample Y,05/Gd,O; was
annealed on different temperatures and XRPD were collected on PANalytical Xpert PRO
MD diffractometer.

X-ray line broadening analysis was used to obtain information on XRPD line broadening
due to crystallite size and strain effects. The X-ray line broadening was analyzed through
the refinement of regular TCH-pV function parameters (isotropic effects) and the
refinement of multipolar functions, i.e. symmetrised cubic harmonics (anisotropic effects)
[1, 2]. An average apparent size and average maximum strains of Yb,O3; were found to be
13(2) nm and 5.7(1)-10*. Microstructure analysis of XRPD for Yb,0; sample was also
performed with MargX computer program.

Cation distribution for all Y,0;/Gd,0O3 samples was found to be metastable. Crystallite size
decreases while microstrain increases with the annealing temperature increase for
Y,05/Gd,0;. The particle size and morphology of Y,05/Gd,O; were characterized by
transmission electron microscopy (HRTEM). The mean particle size is approximately same
as crystallite size, (5 nm), indicating that the most grains are composed of one crystallite.

[1] Honkimiki V.; Surotti P. Effects of instrument function, crystallite size and strain on
reflection profiles in: Snyder R. L.; Fiala J.; Bunge H. J. (Eds) Defect and Microstructure
Analysis by Diffraction; IUCR book series; Oxford Univer. Press Inc.: New York, 1999.

[2] Stephens P. W. J. Appl. Crystallog.. 1999, 32,281.
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Mikrostrukurni parametri, velic¢ina kristalita i mikronaprezanja, kod nanocesti¢nih oksida
odredeni su koriste¢i podatke difrakcije x-zraka i Fullprof program. Nanocesti¢ni Yb,0O; i
Y,05/Gd,05 sintetisani  su termiC¢kom dekompozicijom acetilacetonato kompleksa.
Difrakcioni podaci za Yb,05 dobijeni su koriste¢i Stoe STADI MP difraktometar (CuKal),
Ge monohromator i PSD brojac. Uzorak Y,0;/Gd,O; je odgrejan na razliCitim
temperaturama i sniman na difraktometru PANalytical Xpert PRO MD.

Analiza Sirenja difrakcionih linija radena je u cilju dobijanja podataka o veli¢ini kristalita i
mikronaprezanju. Sirenje difrakcionih linija analizirano je uta¢njavanjem parametara TCH-
pV profilne funkcije (izotropan efekat) kao i utacnjavanjem multipolarnih funkcija
(anizotropni efekat) [1, 2]. Na ovaj nacin dobijena, srednja vidljiva veli¢ina kristalita i
srednje maksimalno naprezanje za Yb,0; iznose 13(2) nm i 5.7(1)-10™*. Mikrostruckurna
analaliza difrakcionih podataka za Yb,0O; uzorak je uradena i pomocu programa MarqX.
Raspodela katjona u meSovitom oksidu Y,05/Gd,0; je metastabilna i ostaje takva nakon
odgrevanja uzorka. Veli¢ina kristalita Y,03/Gd,O; opada a mikronaprezanje raste sa
odgrevanjem. Veli¢ina kao i morfologija cesica Y,03/Gd,O; odredena je pomocu
transmisionog elektronskog mikroskopa (HRTEM). Srednja veli¢ina Cestica je oko 5 nm
kao i vrednosti kristalita, Sto ukazuje da je najveci broj zrna monokristalitan.

[1] Honkimiki V.; Surotti P. Effects of instrument function, crystallite size and strain on
reflection profiles in: Snyder R. L.; Fiala J.; Bunge H. J. (Eds) Defect and Microstructure
Analysis by Diffraction; TUCR book series; Oxford Univer. Press Inc.: New York, 1999.

[2] Stephens P. W. J. Appl. Crystallog.. 1999, 32,281.
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Following the method of Chantrell et al [1] , for the weakly-interacting systems
(the method, firstly, has been applied to ferofluids), the average crystallite size of the
powdered samples of In,Zn, Fe,O4, x<0.3, were determined from the hysteresis curve at
room temperature. Also, using the Scherrer formula relating the crystallite size to the
FWHM, the average crystallite size were determined from the obtained diffraction profiles.
The investigated powders were scanned by difractometer described in [2].
Hysteresis loops were measured at 300 K after zero-field-cooling using an SQUID
magnetometer with accuracy of 10”7 emu. The measurements were made from -60 up to 60
kOe, and vice versa.
The obtained values of the crystallite size by using the equation:
1
. 3
D, {18 LI 7 L}
My, \[3-M, H,

SB

where: Mgp the value of saturation magnetisation of the balk sample at ambient
temperature [3], y; initial susceptibility, My saturation magnetisation of the sample, //H, the
value obtained by intersection of the curve M(1/H) on M=0 and the values of the crystallite
size obtained by the analyzing diffraction date are given in Table 1.

Sastav Dy [nm] Dy [nm]
ZnFe,0y 2.17 2.10 (Scherr.eq.)
Ing 15Zng gsFe,04 3.60 3.00 (Scherr.eq.)
IHOA2ZH0A3F6204 3.86 2.40 (Scherr.eq.)
Ing3Zny ,Fe,O, 2.86 2.00 (Scherr.eq.)
Table 1.

The observed values of the crystallite size are in the good agreement and indicate
that in the investigated samples the interparticle intaraction can be ignored.

[11 R.W. Chanttrell, J. Popplewell, S. W. Charles, IEEE trans. Magn. MAG-14, 975 (1978)
[2] Z. Cvejié, S. Raki¢, S. Jankov, S. Skuban, A. Kapor, V. Srdi¢, XIV Conf. of the Serbian
Crystallographic Society, Book of Abstracts, p.48 (2007)

[3] E. P. Wohlfarth (Ed.) Handbook of Ferromagnetic Materials Vol. 2, p.285 1982 (1962)
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Koriste¢i metod razvijen od strane Santrela i drugih [1], za slabointeragujuée
sisteme (prvobitno razvijen za ferofluide), iz histerezisne petlje na sobnoj temperaturi,
izraCunata je usrednjena veliCina kristalita za praskaste uzorke sastava InZn;_Fe,0,, x<0.3.
Usrednjena veli¢ina kristalita ispitivanih uzoraka izracunata je i iz Sirine difrakcionih linija
koriéenjem Sererove jednagine.

Ispitivani prahovi su snimani pomocu difraktometra opisanog u [2]. Merenje
magnetne susceptibilnosti izvrSeno je na SQUID magnetometru ¢ija je preciznost merenja
107 emu.

Izracunate vrednosti veli¢ine kristalita koris¢enjem jednacine:

1

18- kT o)
D, = N
M, \[3-M, H,

SB
gde su: Mgz vrednost saturacione magnetizacije balk uzorka na sobnoj temperaturi
[3], x vrednost pocetne susceptibilnosti, Mg vrednost saturacione magnetizacije uzorka,
1/H, vrednost dobijena presekom krive M(1/H) pri vrednosti M=0 i veli¢ine kristalite
dobijene analizom podataka iz difrakcije X-zraka date su u Tabeli 1.

Sastav Dy [nm] Dy [nm]
ZnFe,0, 2.17 2.10 (Serer.jedn.)
Ing 5709 5sFe,04 3.60 3.00 (Serer.jedn.)
Ing,Zny sFe,0, 3.86 2.40 (Serer jedn.)
Ing;Zny7Fe,0, 2.86 2.00 (Serer jedn.)
Tabela 1.

Uoceno dobro slaganje izracunatih veli¢ina kristalita, implicira da se meducesti¢na
interakcija moze zanemariti kod ispitivanih uzoraka.

[1] R.W. Chanttrell, J. Popplewell, S. W. Charles, IEEE trans. Magn. MAG-14, 975 (1978)
[2] Z. Cvejié, S. Rakié, S. Jankov, S. Skuban, A. Kapor, V. Srdi¢, XIV Conf. of the Serbian
Crystallographic Society, Book of Abstracts, p.48 (2007)

[3] E. P. Wohlfarth (Ed.) Handbook of Ferromagnetic Materials Vol. 2, p.285 1982 (1962)

89



90



