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Chirality in Crystalsand M olecules

H. D. Flack

Laboratoire de Cristall ographie, University of Geneva, Switzerland
E-mail: Howard.Flack@cryst.unige.ch

The objective of the presentation is to provide a succint and stimulating
introduction for use in teaching and research to problems of chirality and achirdity in
crystals and the molecules composing them. As an example of a chira crysta, the
morphology of quartz provides a useful starting point especialy in relation to the achiral
building units in this compound. It is then useful to study both the classical and modern
definitons of (stereochemical) chirality and the impact of this on the symmetry of chira and
achiral crystals and molecules. We then proceed to an analysis of how chiral, both
enantiopure and racemic, and achiral molecules may or may not form chiral and achiral
crystal structures. This shows two important results: (a) that there are no known achiral
crystal structures formed of enantiopure (chiral) molecules and (b) that, perhaps
surprisingly but rarely, racemates do form chiral crystal structures. Observation () is then
analysed from a mathematica standpoint using 'La Coupe du Roi’ to find that the
underlying cause of (a) is physical and chemical.

The second part of the presentation deals with X-ray diffraction from crystals and
the way that the "absolute structure’ of the crystal and the 'absolute configuration’ of the
molecules may be determined. A most important physical phenomenon to understand is that
of twinning by inversion. This is illustrated by the examples of quartz and hexahelicene.
This leads to a study of the relation between chirality and non-centrosymmetricity in
crystals, and the definition of the three classes of crystal structure: CA centrosymmetric
achiral, NC non-centrosymmetric chiral and NA non-centrosymmetric achiral. The physical
meaning of these three classes will be stressed hopefully clarify some or al of the common
misconceptions for the NA class. After a short presentation of Neumann’s principle and
diffraction by non-centrosymmetric crystals, the modelling of the latter is dealt with in
detail leading to the Flack parameter which quantifies the absol ute-structure determination.
Following an examination of the conditions on the Flack parameter which alow
determination of the absolute structure, and a detailed comparison of the definitions of
absolute structure and absolute configuration, we may see the further restrictions which
apply for the determination of absolute configuration. We terminate this part with some
comments on Friedel’s law and its inappropriate use in the teaching of X-ray diffraction by
crystals.

The final section, time permitting, deals with the characterization of bulk and
crystal by such techniques as optical rotation, circular dichroism, enantioselective
chromatography and differential scanning calorimetry. Practical advice on the best practices
in experimentation and reporting cover such topics as the use of right-handed axes,
intensity data region, use of SHELXL, prior estimates of the standard uncertainty of the
Flack parameter, ways to decrease it, partial polar ambiguities, and use of
checkCIF/PLATON.

A handout of the most important slides used in the presentation is available on the
author’s website. The URL and password to access this file will be displayed during the
presentation.



CRYSTALLOGRAPHY ON A NANOSCALE, THE
NANOSTRUCTURE PROBLEM, AND SOME FIRST STEPSTO
SOLVEIT

Emil S. BoZin

Department of Physics and Astronomy, Michigan State University,
East Lansing, Michigan 48824-2320, USA
e-mail: bozin@pa.msu.edu

A diverse aray of complex materids and structures are driving the
nanotechnology and molecular biology revolutions. To understand and design these
materials, it is essential to perform high precision structural characterization at the
nanoscale. Often, even sub Angstrom changes in inter-atomic bond lengths have profound
consequences for the chemistry and functionality of these structure-sensitive materials.
Crystall ographic methods are the gold standard for atomic structure determination, however
a broad and growing class of materials and/or nanophase morphologies do not yield to a
crystallographic analysis. The scattering is diffuse and Bragg-peaks become broad and
overlapped (see Figure for an example). This is "the nanostructure problem" which
currently has no robust solution. Diffuse scattering contains much less information, while
on the other hand number of degrees of freedom needed to determine the structure model is
increasing (in principle it is of the order of the number of atoms in the nanostructure).
Recently, the atomic pair distribution function (PDF) analysis based on powder diffraction
experiments has been extended to study nanostructured materials. Presentation will give an
overview of selected successes on that front both in bulk materials containing
nanoinhomogeneities, and in nanostructured materials [1]. Alternative, more broadly
applicable, methods which are emerging for these nanostructure problems [2] will be
discussed. The complete solution will likely lie in a synthesis of different scattering,
imaging and spectroscopic approaches bound up in a coherent computational framework.

Figure: Cg molecule (a) within FCC structure (b),
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[1] E. S. Bozin et al., Phys. Rev. Lett., 98 (2007) 137203; H. J. Kim et al., Phys. Rev. B, 75
(2007) 134103; A. Sarthbaeva et al., Phys. Rev. Lett., 97 (2006) 065501.
[2] P. Juhas et al., Nature, 440 (2006) 655-658



KPUCTAJIOTPA®PUIJA HA HAHOCKAJIA, HAHOCTPYKTYPHHA
IMPOBJIEM U ITPBU KOPAIIM Y IbEI'OBOM PEHIABAILY

Emua C. Boxun

Oxcexk 3a pusnky u acTpoHOMHjy, Muuurencku J[p>kaBHu Y HUBEP3UTET,
Hcrounn Jlencunr, Muunren 48824-2320, CAJT
e-mail: bozin@pa.msu.edu

Pa3HONMKKM HU3 KOMILIEKCHHX MaTepHjaja M CTPYyKTypa Hokpehe peBomynuje y
HAHOTEXHOIIOTHjH U MOJIEKyIapHoj Ouomnoruju. Jla 6u ce oBu MatepHjanu OoJbe pasyMend U
TM3ajHUPATH, HEOMXOIHO je U3BPLIUTH BUCOKO MPEIU3HY CTPYKTYpPHY KapaKkTepusallujy Ha
HaHockamu. YecTo 4yak W cy0-aHrCTpeMcke NpoMeHe Mel)yaTOMCKUX pacTojamba HUMajy
JIANIEKOCEXKHE MOCAEAULE HA XeMH]y M (YHKLUMOHAIHOCT TUX CTPYKTYPHO OCETJbUBHUX
marepujana. Kpucrasorpadeku meroaum cy 3jarHu craHpap] y oapehusamwy aromcke
CTpyKType, Mehytum mmpoka u pactyha kimaca wmatepwjana wu/uimu HaHOo(a3HUX
Mopdosiordja He nojuiexe kpucranorpadcekoj aHanusu. Pacejame je nugysHo u bparosu
[MKOBH NOCTajy IUMPOKK W y3ajaMHO ce€ IpekJarnajy (Buaeru npumep Ha cauuu). OBo je
“HaHOCTPYKTYpHHU Npo0JieM™ KOjU je TeXak M y OBOM TPEHYTKY HeMa jacHO yTBplheHO
pewewe. JTudy3Ho pacejame caiapxd MHOrO Mawe UHpopmaluja, 10K ce ¢ Jpyre crpaHe
Opoj crenenu ciaodoxe norpedHUX na Ou ce oapeano mojesn nosehasa (y npuHuuny je
nponopuuoHanan Opojy aromMa KOju UMHE HAHOCTPYKTYPY). Y HOCIEAmE BpeMe aHalu3a
qucrpulyuuone ¢ynkuuje aromckux naposa (I1J1®) u3 excnepumenara audpakuuje Ha
npaxy HNpOLIMPEHa j€ Ha MCTPaXKMBamba HAHOCTPYKTYpHUX Marepujaia. Ilpe3entauuja he
JlaTy 1persies oaadpaHuX ycrexa Ha ToOM (POHTY Kako y Oajk marepujajdma ca HaHo-
HEXOMOTEHOCTHMA, TakO U y HCTpaXHuBamy HaHOCTpyKkTypa [1]. buhe roBopa o mmpe
NPUMEHUBUM  QITEPHATHBHUM Meroauma [2] kOju ce mojaB/byjy Kao KaHAMJATH 32
peliaBambe IOMEHYTOI HAHOCPYKTYpHOr mpobJema. IlornyHo pememe he BepoBatHO OUTH
y KOMOWHOBaHO] TPUMEHH JU(PAKIMOHUX, UMUIMHT, U CIEKTPOCKONCKHX IMPUCTYIa
MOBE3aHUX Y KOXEPEHTHO KOMIIjyTEPCKO OKPYXKEIhE.

Canka: Cg moiekya (8) y FCC crpykrypu (b),

W/\/\/M HEYTPOHCKH jaudpaktorpam (C), u oxarosapajyha

—3  TIJI® (d). Beprukina ucnpekuaana duHuja Ha 7.1A

a o3HayaBa jujamerap Cgo Mosiekyaa. 300r portaruja
Mosnekyna Ha Behum pactojamuma y [1/1® oncrajy
:UW L]  CaMO KoOpeJlaliuje u3Mel)y MOoJIeKyJICKHX LieHTapa.
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[1] E. S. Bozin et al., Phys. Rev. Lett., 98 (2007) 137203; H. J. Kim et al., Phys. Rev. B, 75
(2007) 134103; A. Sartbaeva et al., Phys. Rev. Lett., 97 (2006) 065501.
[2] P. Juhas et al., Nature, 440 (2006) 655-658



Crystal versus Solution Protein Structures:
Solvent-induced Differ entiation of Protein-backbone H-bonds

Nenad Jurani¢’, Elena Atanasova?, Sliobodan Macura® and Franklyn G.
Prender gast™?

Departments of 'Biochemistry and Molecular Biology and 2Molecular
Pharmacol ogy and Experimental Therapeutics, Mayo Clinic and Foundation,
Rochester, Minnesota, 55905 U.SA.

Protein backbone H-bonds, that are identified from geometrical criteriain crystal structures
of proteins, form two broad groups defined by to the spin-spin couplings ("Jyc) measured
across H-bonds in solutions by NMR spectroscopy. The H-bonds detected in solution by
the "Jyc couplings show correlation among the H-bond geometrical parameters in solid
proteins, and appear supported by the protein dynamics in solution. The H-bonds not
directly detected in solution by the "Jyc couplings populate a more flexible and water-
exposed regions of the protein secondary structure.

In a variety of small globular proteins about 80% of the H-bonds identified from
application of geometrical criteria in the helices and sheets of the corresponding crystal
structures have also been detected in solution via "™Jyc couplings *°.  However, both
NMR and IR spectroscopic studies have indicated the formation of solvent (water) H-bonds
to the protein backbone ®’ that may weaken intra-protein H-bond networks 3°. Theoretical
caculations predict significant impact of protein solvation on the H-bond networks at
protein backbone *°. Increased dynamics of the protein backbone in solution *? may also
challenge sustenance of H-bonds that appear in the proteins crystal structure. A recent
interpretation of the residual dipolar couplings (RDC) in streptococcal protein-G invoke the
possibility that correlated motions affect secondary-structure determined H-bond
networks'®; structural flexibility may occur without much disruption of H-bonds. Such
correlated motions are suggested to be rather dow, in the millisecond time regime, and
may also be associated with a protein’s function *2.

If such correlated dynamics exist, the forces that govern them may influence the
conformational state of the protein backbone in crystal structures. We therefore analyzed
the crystal structures of six proteins whose H-bond ™Jyc couplings in solution have been
reported (crambin, ubiquitin, parvalbumin and intestinal fatty acid binding protein) or are
reported here (apo and holoCaM). Backbone H-bonds seen in the crystal structures of these
proteins may be divided into two subsets according to the magnitude of the "Jyc couplings
measured for the proteins in solution. The subset with | ™Jyc | > 0.2 Hz shows correlations
among the H-bond geometry parameters, while the other subset with [®Jyc | < 0.1 Hz (or
" Jue Not detected) shows no such correlation (Figure 1).  The main feature of the subset
with | "Jyc | > 0.2 Hz (high-J subset in further text) is an angle/distance correlation of the
H-bond parameters. Accordingly, at shorter H-bond distances the deviation from the
linearity at both donor (>N-H) and acceptor (O=C<) gets smaller (Figure 1, top). Such
correlation is consistent with the H-bond dipole-dipole attractive force (preference for
short, linear H-bonds). It isalso consistent with dynamical expansion-contraction of the H-



bond network (less orientational pull at the larger distances). The angles at the acceptor end
are proportionally larger by ~ 30% in comparison to the donor angles, which agrees with
there being a smaller orientation force of aweaker donor-dipole (>N-H).

Figure 1 Angle-distance
correlation of H-bonds from seven
proteins (crambin, ubiquitin, protein
G, parvalbumin, IFABP and apo-
and holo- calmodulin) divided into
two subsets according to the
magnitude of the H-bond couplings
(P | > 0.2 Hz top;, [FIe | <
0.1 Hz, bottom). Distance
correlation for the donor angle, Aoy
(0), is matched with correlation for
the acceptor angle, Aup (O0), upon
scaling the latter by 0.75. The full
curved line represents the fifth-
power distance dependence
(0.8doy®), while dashed lines
indicate ~90% contai nment
boundaries. The peptide groups
involved in the coordination to Ca?*
where excluded from the analysis.
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The other, low-J subset,
has many H-bonds with geometries
that should give intense "Jyc
couplings but the couplings are
undetected in solution presumably
due to unfavorable dynamics of the
H-bonds. Evidently, if mobility is
the only culprit, then the low-J
subset of H-bonds do not persist in
solution on the time scale of the
Or 1 ™I couplings measurements (~

16 18 20 22 24 100 ms). It is unlikely that

de /A dynamical rupture of the H-bonds

OH can exist on the time scale needed

for disappearance of the J-

couplings, unless some other H-bonds are formed. A likely mechanism is one that involves

bifurcated H-bonds of amide carbonyls with water *8*°. Under dynamical conditions the

bifurcated H-bonds can fluctuate in the H-bond donor partner between water and amide
proton with little structural stressto the alpha helix .
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Figure 2. Experimental RDCs of peptide-groups (A'Jun, A'JNo/0.12 and A™Jec,/0.20) in
apha-helices of holoCaM C-terminus, in comparison with the calculated values for the
corresponding crystal and solution structures. The crystal structure is represented by x-ray
high-resol ution structure lexr -model-A °, while solution structure is modeled from the x-
ray structure to satisfy RDCs. The high-J and low-J datarefer to the size of proton donating
H-bonds of the peptide groups. Lower insert shows the x-ray and the modeled solution
structure of the helix E. Small arrows indicate connection between peptide group
orientations and RDC fit for peptide-group in position 91/92. The hydrophobic anchoring
residueisindicated.

The proposed dynamics of the low-J subset of H-bonds, which involve bifurcated
H-bonds to water, should change the average orientation of the respective peptide groups.
Such a hypothesis can be tested by analysis of RDCs of the peptide groups in solution. We
tested this on holoCaM, for which both the high resolution x-ray structure®® and solution
RDCs" have been reported. As presented in Figure 2, the solution RDCs of peptide groups
can be fitted well to the crystal structure for the high-J subset, while major deviations occur
for the low-J subset. To assess peptide-group orientations in solution, we have allowed



changes of their orientations seen in the crystal structure until the solution RDCs were
fitted. Notable changes in orientations occurred only for the peptide groups of the low-J
subset. The majority of these peptide groups adopted orientations consistent with the
higher exposure of carbonyl oxygen to water. The flexibility, or conformational mobility,
addressed by the J-profile of H-bonds should be useful for understanding dynamical
heterogeneity within the regular secondary structure motiffs of proteins. In conjunction
with data on the angular distribution of peptide groups orientations it furthers our
understanding of the correlated dynamics within H-bond networks of proteins
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STRUCTURAL AND MICROSTRUCTURAL
CHARACTERIZATION OF NANO-SIZED ZnY15F€18504

B. Nedi¢', A. Kremenovié?, Z. Cveji¢®, S. Rakié®, V. Dondur?

Faculty of Physical Chemistry, University of Belgrade, Studentski trg 12-16, 11000
Belgrade, Serbia

2Fakulty of Minning and Geology, University of Belgrade, Dugina 7, 11000 Belgrade,
Serbia

®Insitute of Physics, Faculty of Natural Sciences, Univesity of Novi Sad, Trg Dositeja
Obradovic¢a 6, 21000 Novi Sad, Serbia

Email: bojana@ffh.bg.ac.yu

In this work, ZnY q15Fe; gsO4 was sinthesized using sol-gel method, and it was thermally
treathed at 500 °C for one hour. X-Ray Powder Diffraction patterns for the initial and
thermally treathed samples were collected. The structures were refined using software
package FullProf. Space group Fd3m was selected for the refinement [1]. The refinement
of thermally treated sample was perfomed to the good agreement (Rg=2.82%, Rr=2.32,
X°=1.23) Microstructural analysis confirmed that the samples contained nano — sized
(6.7(5) nm) particles (Fig. 1) and that maximum microstrain was 23(2)-10* (Fig. 2).
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Figure 1. Projection in ab plane of three Figure 2. Projection ih'ab plane of three
dimensional body that represents apparent dimensional body that represents apparent
size. strain.

[1] Z. Cvejié, S. Rakié, A. Kremenovi¢, B. Antié, C. Jovalekié, Ph. Collomban, Solid State
Sciences 8 (2006) str. 908-915.
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STRUKTURNA I MIKVROSTBUKTURNA KARAKTERIZACIJA
NANOCESTICNOG ZnY 15F€1 8504

B. Nedi¢', A. Kremenovié?, Z. Cveji¢®, S. Rakié®, V. Dondur?

Fakultet za fizicku hemiju, Univerzitet u Beogradu, Studentski trg 12-16, 11000 Beograd,
Srbija

Rudarsko-geoloski fakultet, Univerzitet u Beogradu, Pugina 7, 11000 Beograd, Srbija
3Institut za Fiziku, Prirodno-matemati¢ki fakultet, Univerzitet u Novom Sadu, Trg Dositgja
Obradoviéa 6, 21000 Novi Sad, Srbija

Email: bojana@ffh.bg.ac.yu

U ovom radu, ZnY g15F€; 850, je sintetisan sol-gel metodom i Zaren je na temperaturi od
500 °C u trajanju od jednog ¢asa. Polazni i temperaturski tretiran uzorak snimljeni su na
rendgenskom difraktometru za prah, a zatim je struktura utacnjavana Ritveldovom
metodom koriSéenjem programskog paketa FullProf. Struktura je utacnjavana u prostornoj
grupi  Fd3m[1]. Parametri pouzdanosti za utaénjavanje strukture Zarenog uzorka su
pokazali da je utatnavanje dobro uradeno (Rg=2.82%, R=2.32, x?=1.23)
Mikrostrukturnom analizom je potvrdjeno da su Cestice dimenzija 6.7(5) nm (Slika 1) kao i
da je veli¢ina mikronaprezanja 23(2)-10™ (Slika 2).
1

1
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Slika 1. Projekcijau ab ravni Slika 2. Projekcijau ab ravni
trodimenzionog tela koje predstavlja trodimenzionog tela koje predstavlja
veli¢inu kristalita mikronaprezanje kristalita

[1] Z. Cvejié, S. Rakié, A. Kremenovié, B. Antié, C. Jovaleki¢, Ph. Collomban, Solid State
Sciences 8 (2006) str. 908-915.

11



STACKING VS. CH/n INTERACTIONSBETWEEN CHELATE AND
ARIL RINGSIN CRYSTAL STRUCTURES OF SQUARE-PLANAR
TRANSITION METAL COMPLEXES

D. N. Sredojevié?, G. A. Bogdanovic®, Z. D. Tomi¢®, S. D. Zari¢®

*Department of Chemistry, University of Belgrade, Studentski trg 16, 11001 Belgrade,
Serbia

P“Vin&a™ Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed
Matter Physics, 11001, Belgrade, Serbia

e-mail:dusanmcrae@yahoo.com

The crystal structures of sguare-planar transition-metal complexes from
Cambridge Structural Databank (CSD) with close contacts between planar chelate rings and
aril rings containing six carbon atoms (Ce-aril) were analyzed. Most of the chelate ringsin
these structures are fused with aromatic or other Tedelocalized chelate rings. The results
show that planar chelate rings can be involved in stacking and CH/mt interactions with
organic aril rings, however, the number of stacking interactions is a few times larger than
number of CH/t interactions. The analysis aso shows that amost in al cases CH/mt
interactions are formed only when stacking interactions are prevented by voluminous
substituents. Hence, between planar chelate rings and Cg-aril rings stacking interactions are
preferred to CH/Ttinteractions.

Figure 1. Geometrical parameters describing the interaction of chelate ring of square-
planar complexes with the Cg-aril ring.

[1] D.N. Sredojevié, G. A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zarié, CrystEngComm,
(2007), in press

[2] Z.D. Tomié, D. Sredojevié, S. D. Zarié, Cryst. Growth and Design, 6 (2006), 29-31.
[3] D.N. Sredojevié, Z. D. Tomié, S. D. Zarié, Cent. Eur. J. Chem., 5 (2007), 1-11.

[4] Z.D.Tomié, S. B. Novakovic, S. D. Zari¢, Eur. J. Inorg. Chem., (2004), 2215-2218.
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STEKING NASUPROT CH/n INTERAKCIJAMA U KRISTALNIM
STRUKTURAMA KVADRATNO-PLANARNIH KOMPLEKSA
PRELAZNIH METALA

D. N. Sredojevié®, G. A. Bogdanovic®, Z. D. Tomi¢®, S. D. Zari¢®

®Hemijski fakultet, Univerziteta u Beogradu, Studentski trg 16, 11001 Beograd, Srbija
®Institut za nuklearne nauke "Vin&a", Laboratorija za teorijsku fiziku i fiziku kondenzovane
materije 11001, Beograd, Srbija

e-mail:dusanmcrae@yahoo.com

Analizirane su kristalne strukture kvadratno-planarnih kompleksa prelaznih metala
iz Kembricke kristalografske banke podataka (CSD) u kojima postoji bliski kontakt izmedu
planarnih helatnih prstenova i aril prstenova koji sadrZe $est atoma ugljenika (Cg — aril).
Najveci broj helatnih prstenova u ovim strukturama je kondenzovan sa aromaticnim ili
drugim 1-delokalizovanim helatnim prstenovima. Rezultati ukazuju na to da planarni
helatni prstenovi mogu biti ukljuceni u steking i u CH/Tt interakcije sa organskim aril
prstenovima, medutim, broj steking interakcija je nekoliko puta veéi od broja CH/Tt
interakcija. Analize takode pokazuju da se, gotovo u svim slu€ajevima, CH/Tt interakcije
formirgju jedino kada je blokirano formiranje steking interakcija voluminoznim
supstituentima na helatnom prstenu. Prema tome, steking interakcije izmedu planarnih
helatnih prstenovai Cs— aril prstenova su dominantne u odnosu na CH/Ttinterakcije.

Slika 1. Geometrijski parametri koji opisuju interakcije helanog prstena kvadratno-
planarnih kompleksa sa Cs — aril prstenovima.

[1] D.N. Sredojevié, G. A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zarié, CrystEngComm,
(2007), u Stampi

[2] Z.D. Tomié, D. Sredojevié, S. D. Zari¢ Cryst. Growth and Design, 6 (2006), 29-31.
[3] D.N. Sredojevié, Z. D. Tomié, S. D. Zari¢ Cent. Eur. J. Chem., 5 (2007), 1-11.

[4] Z.D.Tomié, S. B. Novakovic, S. D. Zari¢, Eur. J. Inorg. Chem., (2004), 2215-2218.
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DETERMINATION OF MINERALOGICAL COMPONENTSIN
COAL AND FLY ASH BY XRPD ANALYSIS

A. Radulovi¢', R. Dimitrijevié¢?, A. Dangi¢?, B.R. Simonovié*

! nstitute of General and Physical Chemistry, Studentski Trg 12-16, 11001 Belgrade, Serbia
2Faculty of Mining and Geology, Pusina 7, 11001 Belgrade, Serbia
e-mail: aradulovic@iofh.bg.ac.yu

Samples of coa from Kolubara basin and fly ash, from Therma Power Plant , Nikola
Teda' - Obrenovac, were investigated by XRPD analysis. Obtained results indicated the
presence of quartz and clay mineras: kaolinite and montmorillonite, in coal samples, while
in fly ash samples the present crystalline phases were: quartz, mullite, hematite, feldspar
and anhydrite. This work has been done under the participation project “Petrographic,
geochemical and physicochemical characteristics of Kolubara basin coal” and investigation
of the influence of Thermal Power Plant waste waters on the surrounding surface and
ground waters[1]. Nearly 8 million tones of fly ash are disposed annually in Serbia[2]. The
problem with fly ash lies in the fact that its disposal requires large area of land and
considerable consumption of water, and if not managed well, can cause serious
environmental problems. Utilization of fly ash as a secondary raw materia has been studied
for decades in many areas, such as, cement, glass and ceramic industries as well mining and
construction [3-4]. The main purpose of this study was to obtain detail characterization of
Kolubara basin coa and fly ash produced through its combustion, which would help gain
its better utilization.

[1] A.Dangi¢, B. Simonovi¢, Petrografske, geohemijske i fizi¢ko-hemijske karakteristike
uglja Kolubarskog ugljenog basena.

[2] http://www.eps.co.yu/ekol ogijalzastita.htm

[3] T.Okuda Y. lIsihara, Y. Aoyagi, Manufacturing a New Type of Compound Cement
Using Limestone and Coal Ash as Main Raw Material, Review of 42" general
meeting. Technical session. Tokyo, Cement Association of Japan, (1988), 46-49

[4] P.Kumar, N. Mal, Y. Oumi, K. Yamana, T. Sano, Mesoporous materials prepared
using coal fly ash as the silicon and auminium source, J. Mater. Chem, 11 (2001),
3285- 3290.
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Tri uzorka uglja, sa budotina razli¢itih dubina povrSinskog kopa Kolubara, i Sest uzoraka
pepela, sa dva bloka Termolelektrane “Nikola Teda’, ispitivana su metodom rendgenske
difraktometrije praha. 1z evidentiranih kristalnih faza, u uzorcima uglja identifikovano je
prisustvo faza kvarca i minerala gline: kaolinitai montmorionita, dok je u uzorcima pepela
utvrdeno prisustvo kristalnih faza kvarca, anhidrita, feldspata, mulitai hematita.

Rad je uraden u okviru studije ., Petrografske, geohemijske i fizickohemijske karakteristike
uglja Kolubarskog ugljenog basena’ [1] i programa ispitivanja uticaja otpadnih voda
Termolelektrane “Nikola Teda’ na povrsinske i podzemne vode u okruzenju. U Srbiji se
godisnje deponuje 7-8 miliona tona pepela iz termoelektrana, koji ne samo da optereéuje
prostor oko njih, vec pod uticajem atmosfere (vetra i kiSe) zagaduje Zivotnu sredinu, kao
lete¢i pepeo ili zagaduje povrSinske i podzemne vodotokove [2]. U svetu se sve viSe
istrazuju nacini da se pepeo koristi kao sekundarna sirovina i upotrebi u gradevinarstvu u
industriji cementa ili u sintezi silikatnih materijala [3-4]. Cilj ovog istrazivanja je da se
izvr§ potpuna karakterizacija uglja iz Kolubarskog basena i pepela dobijenog njegovim
sagorevanjem, $to bi pomoglo njihovom boljem koriScenju.

[11 A. Dangié, B. Simonovié, Petrografske, geohemijske i fizi¢ko-hemijske karakteristike
uglja Kolubarskog ugljenog basena.

[2] http://www.eps.co.yu/ekol ogijalzastita.htm

[3] T.Okuda Y. lIsihara, Y. Aoyagi, Manufacturing a New Type of Compound Cement
Using Limestone and Coal Ash as Main Raw Material, Review of 42™ general
meeting. Technical session. Tokyo, Cement Association of Japan, (1988), 46-49

[4] P.Kumar, N. Mal, Y. Oumi, K. Yamana, T. Sano, Mesoporous materials prepared
using coal fly ash as the silicon and auminium source, J. Mater. Chem, 11 (2001),
3285- 3290.
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Veszelyite from the locality Zdravo Vrelo, near KreSevo (Bosnia and
Herzegovina) appears as isometric blue to dark green crystals of 1-2 mm diameter. The
mineral generally occurs in baryte veins, where it is associated with tetrahedrite, pyrite,
coveline, malachite and other minerals. This paragenesis belongs to low-temperature
hydrothermal activities in which veszelyite was formed in the oxidation zone [1].

The chemical composition of veszelyite was determined by electron microprobe
analysis as (Cuy76ZNg24)2ZN(PO,)(OH)3-2(H,O). Thermogravimetric and differential
thermal analyses (TG/DTA) were performed also to clarify the water content of veszelyite.

cu(1)

asin

cu(2)

Figure 1. a) octahedral and b) tetrahedral sheets in the structure of veszelyite.

The investigated veszelyite crystal is monoclinic, space group P2;/a (14), Z =4,
a=9.814(1) A, b=10.222(1) A, c=7.5006(9) A and g = 103.210(9) °. These data are in
good agreement with previous investigations [2]. The crystal structure was solved by direct
methods and refined by least-squares techniques to residuals of R; = 0.051 (calculated for
the 1932 unique observed reflections (I > 20l1)), and wR, = 0.083 for all data collected at
ambient temperature with a two-circle Stoe IPDS-I1 diffractometer. Both Cu(1) and Cu(2)
atoms have a tetragonaly distorted octahedral coordination. The octahedra form 8-
membered rings by sharing common edges (Fig. 1a). The ZnO5;(OH) and PO, groups are
nearly regular tetrahedra with average Zn-O and P-O distances of 1.943 and 1.539 A,
respectively. They are also forming 8-membered rings (Fig. 1b). The octahedral and
tetrahedral rings are linked into sheets which regularly alternate along the ¢ axes. Hydrogen
positions in the structure were determined from a second data set collected at —100 °C.

[1] Janjié, S., Pordevié, D., Jovanovié, R., Bugarski, P., Geadl. Glas., 17 (1973), 181-192.
[2] Ghose, S, Leo, S. R., and Wan, C., Am. Mineral., 59, (1974), 573-581.
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Becenut u3 nokamnoctu 3apaBo Bpemno moxpaj Kpemesa (bocna u XepueroBuna)
nojaBjbyje ce y IJIaBUM 10 TAMHO 3€J€HUM KpHCTaluMa npednuka 1-2 mm. Munepain ce
00MuYHO jaBjba y OapUTCKUM >KMLIaMa IJI€ je acOoLMpaH ca TETPACIPUTOM, HHUPHUTOM,
KOBEJIMHOM, MJIAXMUTOM M JApPYrMM MuHepaiuma. [laparenesa npumajza HHUCKO-
TEMIIEPATyPHUM aKTHBHOCTHMA y KOjUMA j€ BecenuT POPMHUpPAH y OKCHIALMOHOj 30HH [1].

XeMHjckH cacTaB BeceauTa ojapeheH je  eIeKTPOHCKOM MHKPOCOHJIOM — Kao
(Cuy76ZN024)2ZN(PO,)(OH)3-2(H,0).  Canpxaj Bome y  Becenutry  yrBphen  je
TepMorpasumerpujckum u audepenuujaino-repmuuxkum (TG/DTA) ucnurusamuma.

cu()

as

cu?)

Cummka 1. a) okTaeaapcku U 6) TETPACAAPCKH CJI0j Y CTPYKTYPH BECEJHTA.

VcUTHBaHH KPHCTA] BECEIHTA je MOHOKJIMHHWYAH, MpocTopHa rpyma P2/a (14),
Z=4,a=9814(1) A, b=10,222(1) A, c = 7,5006(9) A u g = 103,210(9) °. OBu nojaLH CY
y 100poM ciaramy ca nperxoaHum ucnurtuBamuma [2]. Kpucranna crpykrypa je peuiexa
JMPEKTHUM METOAaMa U yTaumeHa 10 (axropa cnarawa Ry = 0,051 (3a 1932 cumerpujcku
nesasuche pegexcuje (I >20l)), u WR,=0,083 3a cBe momarke MNPUKYIUbEHE Ha
JBOKpYXHOM jauppakromerpy Stoe IPDS-II Ha cobHOj Temneparypu. KoopauHAIMOHA
nonueapu aroma Cu(l) u Cu(2) cy y o0amKky TerparoHaaHO Ae(pOPMHCAHHUX OKTaeaapa.
Oxraeapy rpaje OcMoujaHe IpcreHoBe npeko 3ajenHuukux uBuua (Cia. la). I'pyne
ZnO3(OH) u PO, cy roroso npasuiHu Terpacapu cpeawux pacrojama Zn-O u P-O oa
1,943 u 1,539 A. Ouu ucro taxo rpage ocmounane nperenose (Cii. 16). Oxraenapeku u
TETpae/]apCkyu MPCTEHOBH MOBE3aHU Cy Y CJI0jeBE KOjU CE IPABUJIHO CMEYjy AYyXk C-Oce.
[losi0kaju BOAOHHMKA y CTPYKTYpH oapeleHn cy u3 Apyror cera nojaraka NpUKyIJbEHOr Ha
—100 °C.

[1] Janji¢, S., Bordevié, D., Jovanovié, R., Bugarski, P., Geol. Glas., 17 (1973), 181-192.
[2] Ghosg, S, Leo, S. R., and Wan, C., Am. Mineral., 59, (1974), 573-581.
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A mixture of crystalline ZnO and NiO powders was used as starting material to
produce Zngy1NipoO. Mechanochemical treatment was performed in a planetary ball mill for
20 hours. As-prepared sample was annealed at temperatures 500°C for three and twenty
four hours, 700°C for three hours and 950°C for three hours. X-ray powder diffraction data
were collected in transmission mode on a Stoe STADI MP automated X-ray powder
diffractometer using CuKa radiation, Ge monochromator and linear PSD counter.

The collected XRPD data were refined by the Rietveld method [1]. The X-ray line
broadening analysis was used to follow crystallite size and microstrain changes with
annealing. The X-ray line broadening was analyzed through the refinement of regular TCH-
pV function parameters (isotropic effects) or through the refinement of symmetrized cubic
harmonics (anisotropic size effects) and coefficients of Stephens form for anisotropic strain
broadenning [2, 3]. The method used for sample preparation is a well established technique
to produce nanomaterials with usually anisotropic microstrain. Therefore, we assumed that
X-ray line broadening anisotropy isinfluenced by both size and strain effects. However, the
deviations from calculated average maximum strains are small indicating negligible
anisotropy of X-ray line broadening provoked by the strain effect. The refined average
apparent crystallite size and maximum strain are in the ranges 15 — 60 nm and 4.5-10° —
2.510°3, respectively.

[1] H. M. Rietveld, J. Appl.Cryst., 2 (1969), 65.

[2] V. Honkimaki, P. Surotti, Effects of instrument function, crystallite size and strain on
reflection profilesin: Snyder R. L.; FialaJ.; Bunge H. J. (Eds) Defect and
Microstructure Analysis by Diffraction; IUCr book series; Oxford University Press
Inc.: New York (1999).

[3] P. W. Stephens, J. Appl. Cryst., 32 (1999), 281.
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Uzorak Zngy;Nig 9O dobijen je mehanohemijskim postupkom. MeSavinaZnO i NiO
u molskom odnosu 1:9 mlevena je u planetarnom mlinu u trgjanju od 20 h. Dobijeni uzorak
je grejan u tgjanju od tri ¢asa na temperaturama: 500°C, 700°C i 950°C. Na temperaturi od
500°C odgrevanje je izvrSeno i u trajanju od dvadeset Cetiri Casa. Difraktogrami praha su
snimljeni neposredno po sintezi i nakon odgrevanja. Snimanje je izvrSeno u transmisionoj
geometriji na uredaju Stoe STADI MP koriste¢i CuKa 1 zragenje, Ge monohromator i PSD
brojac.

Podaci su koriSteni za utacnjavanje strukturnih parametara Rietveld—ovom
metodom [1] pomocu programa Fullprof. U cilju pracenja veli¢ine kristalita i
mikronaprezanja u zavisnosti od temperature odgrevanja analizirano je Srenja difrakcionih
linija. Rezultati su dobijeni utacnjavanjem parametara TCH-pV funkcije (izotropni slucaj)
ili utacnjavanjem kubnih harmonika (anizotropna veli¢ina) i koeficijenata Stephens-ovog
izraza za opisivanje anizotropnog mikronaprezanja [2, 3]. Poznato je da se
mehanohemijskim postupkom dobijaju nanomaterijali kod kojih je mikronaprezanje
najcesce anizotropno. Stoga je pretpostavljeno da je Sirenje difrakcionih linja posledica
kako anizotropne veli¢ine tako i anizotropnog mikronaprezanja. Medutim, ustanovljeno je
da je anizotropija mikronaprezanja zanemarljivo mala. Utacnjene srednje vrednosti
di menzij(3e kristalitai mikronaprezanja nalaze se u intervalima 15 — 60 nm, odnosno 4,5-10°°
-2,5107.

[1] H. M. Rietveld, J. Appl.Cryst., 2 (1969), 65.

[2] V. Honkimaki, P. Surotti, Effects of instrument function, crystallite size and strain on
reflection profilesin: Snyder R. L.; FialaJ.; Bunge H. J. (Eds) Defect and
Microstructure Analysis by Diffraction; [UCr book series; Oxford University Press
Inc.: New York (1999).

[3] P. W. Stephens, J. Appl. Cryst., 32 (1999), 281.
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The doped manganites with general formula Ca,.,A,MnQOs, in which the A is a
trivalent rare earth ion exhibit colossal magnetoresistance phenomena and acceptable levels
of electrical conductivity for cathode materials used for solid oxide fuel cells operation [1].

In order to estimate the theoretical stability of the perovskite structure, Goldschmidt
tolerance factors, (G;) and global instability indices, (GIl) were calculated for Cay.,Y,MnO;
(x =0, 0.25, 0.5, 0.75, 1) using the software SPuDS (Structure Prediction Diagnostic
Software) [2]. According to these two parameters the formation of perovskites was
investigated for the solid solution series Cay Y ,MnO; (0 < x < 1). In order to confirm these
results, nanopowders with the following nominal compositions were synthesized using a
modified glycine-nitrate procedure [3]: CaMnOs;, CapgsY00sMNO; CaggsY015MNO;,
Cap75Y 0.2sMNO3, CaysY osMNOs, CayssY75MNO3 and YM nOs. After calcination at 800 °C
for 2 hours, the samples were characterized by X-ray powder diffraction. Rietveld
refinements of the X-ray diffraction patterns were carried out using the program FullProf
[4].

Except YMnO;, al phases are orthorhombic (space group Pnma) adopting the
perovskite structure type. Hexagona Y MnO; (space group P6scm), on the other hand, is
isomorphous with LuMnOs; at atmospheric pressures [5].

The influence of the different amounts of Y on the unit cell parameters, the unit cell
volume as well as the interatomic distances and angles was analyzed. The effect of doping
on the magnitude of the octahedral tilting was determined, since space group Pnma belongs
to the a’b’c tilt system [6]. Bond-valence calculations for all samples were performed as
well, since the incorporation of Y in the structure of CaMnO; provokes the reduction of
equivalent amounts of Mn*"to Mn®* [7].

[1] B. Raveau, A. Maignan, C. Martin, M. Hervieu: J. Phys.: Condens. Mat., 11, (1999),
9221-9238.

[2] M. W. Lufaso, P. M. Woodward: Acta Cryst., B 57 (2001), 725-738.

[3] S. Boskovi¢, B. Matovié, M. Vlajié, V. Krsti¢, Ceram. Int. Vol. 33, (2007), 89-93.

[4] J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.

[5] M. N. lliev, M. V. Abrashev, H. G. Lee, V. N. Popov, Y. Y. Sun, C. Thomsen, R. L.
Meng, C. W. Chu, Phys. Rev. B, 57, (1998), 2872-2877.

[6] A. M. Glazer, Acta Crys., B 28, (1972), 3384-3392.

[7] O. Aglero, A. G. Leyva, P. Konig, D. Vega, G. Polla, H. Aliaga, M. T. Causa, Phys.
B 320, (2002), 47-50.
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Dopirani manganiti opste formule Ca;,AMnO;, gde je A trovalentna retka zemlja
imaju osobine kolosalne magnetne otpornosti i prihvatljiv nivo elektri¢ne provodnosti za
primenu u gorivnim celijama [1].

Da bi se procenila teoretska stabilnost perovskitske strukture koriSéenjem softvera
SPuDS (dijagnosticki softver za predvidanje strukture) izracunati su GoldSmitov faktor
tolerancije, (Gy) i globalni indeks nestabilnosti, (GIN) za Ca;YMnOs (x = 0, 0,25, 0,5,
0,75, 1) [2]. Na osnovu ova dva parametra analizirana je moguénost formiranja
perovskitskog tipa strukture kod Ca;YMnO;z (0 < x < 1). Da bi se proverili dobijeni
rezultati, sintetizovani su nanoprahovi slede¢ih nominalnih sastava: CaMnQOsg,
Cayos5Y 0,0sMNO; CaggsY01sMNO3, Cag7sY 02sMNO3, CagsYosMnOs,  CagosY 075MN0O; i
YMnNOs;, kori§¢enjem modifikovane glicin-nitratne metode [3]. Nakon kalcinisanja na
800 °C / 2 h, prahovi su okarakterisani metodom rendgenske difrakcije na polikristalnim
uzorcima. Ritveldova analiza difrakcionih podataka uradena je pomocéu programa FullProf
[4].

Svefaze, osim Y MnOs, su rombiéne (prostorna grupa Pnma) sa perovskitskim tipom
strukture. Heksagonalni YMnO; (prostorna grupa P6scm) je na atmosferskom pritisku
izomorfan sa LUuMnOs [5].

Ispitivan je uticg razli¢itog sadrzaja Y na parametre jedini¢ne celije, zapreminu
jedini¢ne ¢elije, meduatomska rastojanjai uglove. Odreden je uticaj dopiranja na intenzitet
naginjanja oktaedara, s obzirom da prostorna grupa Pnma pripada a’bc sistemu naginjanja
oktaedara [6]. IzraCunate su i valence veza za sve ispitivane uzorke po$to ulazak Y u
strukturu CaMnO; dovodi do redukcije jednake koligine Mn** u Mn®* [7].

[1] B. Raveau, A. Maignan, C. Martin, M. Hervieu: J. Phys.: Condens. Mat., 11, (1999),
9221-9238.

[2] M. W. Lufaso, P. M. Woodward: Acta Cryst., B 57 (2001), 725-738.

[3] S. Boskovi¢, B. Matovié, M. Vlajié, V. Krsti¢, Ceram. Int. Vol. 33, (2007), 89-93.

[4] J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.

[5] M. N. lliev, M. V. Abrashev, H. G. Lee, V. N. Popov, Y. Y. Sun, C. Thomsen, R. L.
Meng, C. W. Chu, Phys. Rev. B, 57, (1998), 2872-2877.

[6] A. M. Glazer, Acta Cryst., B 28, (1972), 3384-3392.
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B 320, (2002), 47-50.
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Bannatian Plain ends on the south-east by VrSac Mountains, consists of an
augengneisses and granites, which ends on the east by micashistes. The augens of gneisses
are Karlshad twins of felspars (albites and ortoclasses). In these rocks is possible find
pegmatites consisting felspars, quartz, micas (muscovites and biotites) and tourmaline. In
this paper is presented the type of this mineral based on the unit cell. In east part of VrSac
Mountains it impossible to fid mineralization as pyrite, magnetite and geikielite. The unit
cell for these minerals are measured and presented in this paper.

[1] Kukin, A., Kemenci R. i Jankovi¢, P., (1987) Geologija vrsackih planina, Matica srpska,
Novi Sad str.65

[2] Jovanovié, P. S., (1949), Prilozi geografiji Banatske pescare, Srpska akademija nauka,
pos. izd. knj. CLIII , Geografski institut knj. 1, Beograd str. 86

[3] Bukurov, B., (1951), Vrsacke planine, Matica srpska, Novi Sad

[4] Dangi¢, A., burié, S., Stgjevi¢, V. and Prelevié, D., (1993), Crystall ographic-geochemical
study of tourmaine from the Golija Mt. (SW Serbia), |1 and Il Conf. of Serb. Cryst. Soc.
Belgrade, (Abs), p. 47,

[5] Sutevié, P., (2002), Zivi svet vrackih planina, Gradski muzej, Vrac
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Kpucranorpadgcku noganu 3a
Heke MHHepaJe Bpmaukux njiaHuna

C. bypuh

Pyoapcko-eeonomku ghaxynmem, Bywuna 7, beoepao, Cpbuja

banarcka paBHHUIlA 3aBplllaBa ce Ha jyrOMCTOKY HariluM H3pamameM IUIaHHHA ca
KOjUX JOMHHHpa TOTJIEA Ha Jaleko, jep y OMU3WHU He MOCToje HUKakBa Opna koja Ou
omerana morjiea. bpra ce cacToje yriaBHOM O OKIIACTHX THajceBa M TPaHUTA, KOjU Ha
UCTOKY TIOCTENeHO Tpeiaze y Mukammcre. OKIla THajceBa Cy y CTBAPU KPHCTAIU
kapscOanckux Osmusanaua anbura u oprowsiaca. OBe CTE€HE, a NOrOTOBY MMKAIIMCTH CY
[OHEr/1e MPOoOUjeHe MerMaTuTHMa, KOjU CaJIpike OCHMM KBapua W ¢esyicniara, MUHEpasie
JIUCKYHCKe Tpyne (MyCKOBUTA, WIIMTA, CEPHUIUTA...), JOII ¥ TyPMAlHH. 32 OBaj MOCTENHH
MUHEpaJ HW3MepeHa je jelMHUYHA henmja xako OW ce YTBpAWIa BpCTa TypMaiuHa. Y
HUCTOUHMM JICJIOBUMA MOXKE C€ HAMhK M Ha MUPUTCKY MUHEPAIHU3ALU]Y KAO U I'SjKUIIUT.

[1] Kukin, A., Kemenci R. i Jankovi¢, P., (1987) Geologija vrsackih planina, Matica srpska,
Novi Sad str.65

[2] Jovanovié, P. S., (1949), Prilozi geografiji Banatske pescare, Srpska akademija nauka,
pos. izd. knj. CLIII , Geografski institut knj. 1, Beograd str. 86

[3] Bukurov, B., (1951), Vr3acke planine, Matica srpska, Novi Sad

[4] Dangi¢, A., burié, S., Stgjevi¢, V. and Prelevi¢, D., (1993), Crystall ographic-geochemical
study of tourmaine from the Golija Mt. (SW Serbia), |1 and Il Conf. of Serb. Cryst. Soc.
Belgrade, (Abs), p. 47,

[5] Sucevié, P., (2002), Zivi svet vréakih planina, Gradski muzej, Vrac
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DIOXOVANADIUM (V) COMPLEX WITH PYRIDOXAL -
SEMICARBAZONE. SYNTHESISAND STRUCTURAL STUDIES
OF COMPLEX

Violeta S. Jevtovié ®, Georgio Pelosi ', Sandra lanelli

& Department of Chemistry, Faculty of Sciences, University of Novi Sad,
21000 Novi

Sad, Trg D. Obradovica 3.
b Dipartamento di Chimica Generale ed Inorganica, Chimica Analitica
Chimica Fisica,

Universita di Parma, 43100 Parma, Parco Areadelle Scienze 17A.
e-mail: violeta@ih.ns.ac.yu

Orange single crystals of the compound C;gH3N10OgV, were prepared by the reaction
of MeOH and NH3 solution of NH,;V O3 and H,L'H,O in mole ratio 1:1 The single crystal
X-ray analysis of the complex has shown a distorted square-pyramidal structure established
by the tridentate ONO ligand and one atom from the VO, group in the basis of the pyramid
and with the other oxygen atom from the same group in the apex. The compound
crystallizes in the P-1,space group with a= 8.50(8)A, b =10.876(11) A, ¢ = 13.810(14)A, &
= 95.4(3)°,p = 100.01(2)°, y = 100.11(2)°, V = 1228(12) A3. X-ray diffraction data were
recorded on an Philips diffractometer with graphite monochromated Mo-Ka radiation (
2=0.7107A). Anisotropic refinement of all non-hydrogen atoms converged to R=0.0716 for
5586 independent reflections and 463 parameters.
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DIOKSOVANADIJUM (V) KOMPLEKS SA SMIKARBAZONOM
PIRIDOKSALA.
SINTEZA | STRUKTURA KOMPLEKSA

Violeta S. Jevtovié¢ ® Georgio Pelosi ° , Sandra lanelli

& Departman za hemiju, PMF, Univerzitet u Novom Sadu, 21000 Novi Sad,
TrgD.

Obradoviéa 3.
b Departman za Opstu i neorgansku hemiju, Univerzitet u Parmi, 43100
Parma, Parco

Areadelle Scienze 17A.
e-mail:violeta@ih.ns.ac.yu

Narandasti monokristali kompleksnog jedinjenja, formule C;gH3oN1oOgV, dobijeni su
reakcijom metanolno-amonija¢nog rastvora NH,V Os i liganda semicarbazona piridoksala u
molskom odnosu 1: 1. Rentgenostrukturna analiza ovog kompleksa je pokazala da dobijeni
monokristal ima deformisanu kvadratno-piramidalnu strukturu sa tridentatnim ONO
ligandom i jednim atomom kiseonika iz VO, grupe u osnovi piramide i drugim atomom
kiseonika iz iste grupe u njenom vrhu. Jedinjenje kristalie u P-1, sa a = 8.50(8)A, b =
10.876(11) A, ¢ = 13.810(14)A, & = 95.4(3)°, = 100.01(2)°, y = 100.11(2)°, V = 1228(12)
A3 Analiza je radena na Philipsovom difraktometru sa grafitnim monohromatom Mo-Ka
zraCenjem
(2=0.7107A). Anizotropno utaénjavanje za sve nevodoni¢ne atoma daje R=0.0716 za 5586
andiziranih refleksijai 463 parametra.
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THE BEGINING OF THE TEACHING MINERALOGY IN
VOJVODINA

Tibor Halas

Department of Chemistry, Faculty of Sciences, Novi Sad

There is no a determined moment of the beginning of mineralogy teaching in
Vojvodina. The first printed matter about minerals in this area is originated from Zaharija
Orfelin (1726-1785) [1]. The author in his book on popular way presented the minerals and
rocks. The text is transmitted mainly from Richter's text-book, edited in 1776. Another
popular like text-book is ,,®@ycika” by Atanasia Stoikovich (1773-1832) [2]. This text-book
is on studious way explained minerals, rocks and stones. The book is written on Russian-
orthodox language. The mineralogy was taught as teaching subject in Sremski Karlovci in
the Serbian Orthodox high school, by fomous professor Andreas Wolny (1759-1824). He
was born and studied in Schemnitz, where was founded the first Academy of Mining, in
Hungarian Kingdom. Wolny taught Mineralogy in | Pro classe Praeparandorum, where
taught: salts, sulphur, metals, ores and rocks. In the Il class Pro Gramatica he taught
sdltpeter, iron (11) sulfate, asbestos, calcedon, achat, gold silver etc. He made together with
his pupils a collection of minerals. In the Serbian Orthodox high school in Novi Sad the
best knownt professor of mineralogy, physics and chemistry was Stevan Milovanov (1855
1946) who edited aso his text-book in Novi Sad [3]. The Milovanov's collection of
minerals was saved also in Girls school in Novi Sad where 4 pieces were donated by
Dorde NatoSevié¢ (1821-1887), also fomous professor of natural sciences. The first scientific
paper from mineralogy was included in the ,/Ipoepam Cpncke eenuxe cumnasuje
kapnosauxe” for the 1892/93 [4]. The author is Stevan Popovi¢ and he described the
microscopic investigation of the homogenicity of minerals and chrystals which might
include gases, liquides and solid materials as (ad)mixture and he studyied polymorphism
also. In XIX century in Vojvodina were used text-books and scientific papers on Serbian
language and also materials from German, English, Russian and Hungarian language.

In this paper bibliographic and archival methods of investigation were used. We
could conclude that in the XIX century mineralogy was an important subject of study and
research in Vojvodina

[1] Zaharija Orfelin, 1783, O postanku sveta, VECNI KALENDAR, Kurzbeck, Viena,
(Fototipsko izdanje Matica Srpska, Novi Sad) str. 106-287.

[2] Aeanacia Croiikosuu, 1803, ®ycika, Tpema uacurs. Ilucmenie Kpanesckoro
VYuisepcimea, B Byaums, cup. 197-223.

[3] CreBan Munosanos, 1895, Munepanoruja, nerporpaduja U reosordja ca OCHOBHMA
xemuje, bpaha bajuh, Hosu Can.

[4] Cresan Ilonosuh, 1893, Cmpana mena y mumeparuma u RUX0BA GANCHOCH,
[TPOI'PAM, Cpricke BelMKE TMMHA3Mj€ Kap/ioBauKe, 3a WIKOJCKy roauny 1892/93, 'onquna
XLI. Kwura XXXIV. Kwux. u Ilramn. A. TlajeBuha, Hou Can, .Hayuuu panoBu
npogecopa kapioBauke rumHazuje”, I, 1991, Ypenuuk [lemukan, B., Cpemcku Kaprnosmu,
crp. 535-547.
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POCECI NASTAVE MINERALOGIJE U VOJVODINI

Tibor Halas

Departman za hemiju, Prirodno-matematicki fakultet, Novi Sad

Sam pocetak nastave mineralogije nije tacno odreden u Vojvodini. Prvi Stampani
materijal u ovom regionu o mineralima poti¢e od Zaharije Orfelina (1726-1785) [1]. Autor
u svojoj knjizi na popularan naCin predstavlja minerale i stene. Tekst je delom preuzet iz
Rihterovog udzbenika iz 1776. Drugo popularno delo, nalik na udzbenik je ,,®ycika” od
Atanasije Stoikovica (1773-1832) [2]. Ovaj udzbenik na studiozan nacin obja$njava
minerale, stene i kamenje. Knjiga je pisana na Rusko-crkvenoslovenskom jeziku.
Mineralogija kao nastavni predmet prvi je predavao Cuveni profesor Velike srpske
pravoslavne gimnazije u Sremskim Karlovcima Andrija Volni (Andreas Wolny, 1759-
1827). On je roden i 3kolovao se u Semnicu, gde je osnovana prva Rudarska akademija u
Krajevini Ugarske. Volni je predavao mineralogiju u | Pro classe Praeparandorumu, a
predavao je o solima, sumporu, metalima, rudama i stenama. U Il razredu Pro Gramatica
predavao je o &itri, zelenoj galici, azbestu, kalcedonu, ahatu, zlatu, srebru i drugo. On je
zajedno sa svojim ucenicima sacinio zbirku minerala. U Velikoj srpskoj pravoslavnoj
gimnaziji u Novom Sadu najpoznatiji profesor mineralogije, fizike i hemije bio je Stevan
Milovanov (1855-1946), koje je prvi objavio Udzbenik iz mineralogije u Novom Sadu [3].
Zbirka minerala Stevana Milovanova je sauvana u Visoj devojackoj Skoli u Novom Sadu,
gde 4 minerala potice od poznatog profesora prirodnih nauka Porda NatoSevica (1821-
1887). Prvi naucni rad iz mineralogije je bio ukljucen u .J/Ipoepam Cpncke eenuxe
eumnasuje kapnogauxe” za1892/93 [4]. Autor je Stevan Popovic i on opisuje mikroskopsko
ispitivanje homogenosti mineralai kristala u kojima primese mogu da budu gasovi, te¢nosti
i ¢vrste metrije. On je proucavao i polimorfiju. U XIX veku u Vojvodini u upotrebi su bili
udzbenici i naucni radovi na srpskom jeziku, kao i na nemackom, engleskom, ruskom i
madarskom jeziku.

U ovom radu su koris¢ene bibliografske i arhivske metode istrazivanja. Mozemo
da zaklju¢imao da u XIX veku mineralogija je bila vazan predmet proucavanja i
istrazivanjau Vojvodini.

[1] Zaharija Orfelin, 1783, O postanku sveta, VECNI KALENDAR, Kurzbeck, Viena,
(Fototipsko izdanje Matica Srpska, Novi Sad) str. 106-287.

[2] Aeanacia Croiikosuu, 1803, ®ycika, Tpema uacurs. Ilucmenie Kpanesckoro
VYuisepcimea, B Byaums, cup. 197-223.

[3] CreBan MusoBanos, 1895, Munepanoruja, metTporpadija u reosoruja ca OCHOBHMa
xemuje, bpaha bajuh, Hosu Can.

[4] Crean Ilomosuh, 1893, Cmpana mena y mumepanuma u RUXOBA BANCHOCH,
[TIPOI'PAM, Cprcke BeIMKE TMMHA3Mj€ Kap/ioBauKe, 3a WIKOJCKy roauny 1892/93, 'onquna
XLI. Kwura XXXIV. Kwux. u Ilramn. A. TlajeBuha, Hou Can, .Hayuuu panoBu
npodecopa kapnoauke rumuasuje”, |, 1991, Vpenuuk ITemmukan, B., Cpemcku Kapiosiu,
cTp. 535-547.

29



Crystal structure of a garnet with composition
(Fe172Ca1.04M go.19M No,05)3A 1253012

S. Kovagh, A. Kremenovié!, V. Kahlenber g2

Faculty of Mining and Geology, Laboratory for Crystallography, University of Belgrade,
P. O. Box 162, 11001 Belgrade, Serbia; “Institute of Mineralogy and Petrography,
University of Innsbruck, Innrain 52, A-6020, Innsbruck, Austria.

e-mail: sabinakovac@eunet.yu

Minerals of the garnet group have a complex chemical composition which can be
attributed to garnets great ability to make solid solutions. The genera formula for the most
of the natural garnetsis X3Y,Z30;,, Where X = Mg?*, Fe?*, Cat*, Mn®*, Zn**, Y?*, Na, etc.,
Y = A¥, o R, T, TiM, VI R, 2, sn ete. and Z = ST, AP, Ti, R, FeT,

P**, etc. They crystalize in space group Ia3d. Single-crystal X-ray data of
(Fer75Cay 0aM 0o 19MnNg 05)3A 1,530, were collected with a Stoe IPDS-II imaging plate
diffractometer (MoKa radiation, 293 K, 26, = 57.26 ° ). The structure was refined by
SHELXL97 incorporated in the WinGX system using the atom parameters reported by
Novak and Gibbs [1] as starting values. The refinement (19 parameters) of the cubic
structure (a = 11.6306(6) A, V = 1573.28 A3, Z = 8) yielded R; = 0.0247 and wR, = 0.0714
for 174 unique reflections with 1>2¢(1) and a goodness-of-fit S= 1.393. A relatively long
X—O (X=Fe?") distance suggested partial occupancy of the X site by larger cations. To
determine the cation species on the X site in more detail, an electron microprobe analysis
was performed on a JEOL 8100 microprobe, which also proved the homogeniety of the
crystals. The analyses from the four points gave the following structura formula
(Fe1.86Ca0.88M Go.10M g 05)2.98A11.93Si3.06012. Further refinement was carried out keeping the
occupation factors of Mg and Mn fixed according to the chemical analysis. The calculations
finally resulted in a structural formula (Fep72Cay.04Mgo.10MNg 05)3A1,Si301,, Which is very
similar to the one obtained from the microprobe anaysis. The derived contents of the
different garnet end-members are as follows. amandine (57.3 %), grossular (34.7 %),
pyrope (6.3 %) and spessartine (1.7 %).

[1] Novak, G. A. and Gibbs, G. V., Am. Mineral. 56, (1971), 791-825.

30



KpHcTaaHa CTPYKTypa rpaHaTa
(Fer,72Cay,04M go,19M N 05)3A1,S3012

C. Koau', A. Kpemenosuh', V. Kahlenberg®

'Pyoapcko-ceonouxu paxynmem, Jlabopamopuja 3a kpucmanozpagujy, Yuueepsumem y
Beozpaoy, n. np. 162, 11001 beoepao, Cp6uja; *Hucmumym 3a mumepanoeujy u
nempoepagpujy, Yuusepsumem y Hucopyky, Innrain 52, A-6020, Hucobpyx, Aycmpuja.
e-mail: sabinakovac@eunet.yu

Munepanu rpyne rpaHata umajy C/lOXeH XEMHUjCKM CacTaB LITO je IOCcieAuua
moryhHoctu rpahema uBpcTHX pacTBopa. OmmTta QopMmyia MuUHEpala OBE Ipyle je
X3Y2Z500, Te je X = Mg?, Fe?", Ca®*, Mn®*, zn**, Y#* Na', uta., Y = AI*, cr¥, Fe™,
Ti%*, Ti*, V3, Fe?, zr™, sn™, wtn. w Z = S*, AI¥, Ti*, &, Fe™, P¥, um. I'panaru

KPUCTAIMIIY y  TPOCTOPHO]  TIpyNH Ia3d. JludpaknuoHd — HomaM 34
(Fe1,72Cay 04M G 10M N 05)3A 1 ,Si301, ipukyIbeHn ¢y Ha JUPPAKTOMETPY 38 MOHOKPHCTAJ
Stoe IPDSHI ca IP aerekropom (MoKa 3paueme, 293 K, 204 = 57,26 °). Crpykrypa
rpanara yraumeHa je xopuihemem nporpamckor nakera WinGX. Tecepanna crpykrypa
rpanara (a = 11,6306(6) A, V = 1573,28 A® Z = 8) yraumena je (19 napamerapa) 10
cnenehux R-Bpennocru: Ry = 0,0247, WR, = 0,0714 3a 174 ne3aBucHe peduiekcuje Koje cy
ucroBpeMeHo u peduiekcuje kon kojux je 122¢(1); S=1,393. VraumaBame CTPYKTYPHOT
MoOjiesia 3amo4YeTo je ca aTOMCKMM mapamerpuma koje ¢y aaim Hosak u ['mbGc [1]. Ha
ocHoBy ayxkune Bese X—O (X = F€”) sakmyueno je aa je y nonoxkajy X npucyras u
kaTjoH ca Behum joHckum pamujycom. Jla Ou ce yTBpAMIO KOjU Cy KaTjOHH MPUCYTHHU
kopuinTeHa je Mukpoconga JEOL 8100, koja je yTBpOuia XOMOTEHOCT KpHUCTaja.
AHanu3oMm nojaraka J00MjeHHX ca YeTHPH TadyKe npepadyHara je CTpykrypHa gopmy.a:
(Fe186C3,88M o,10MNy 05)2 08Al1,935i306012. YV nasbem  yraumasamy crpykrype daxropu
3ay3zeha 3a Mg u Mn 6umu cy ¢ukcupanu Ha BpeqHOCTH J00WjeHe U3 XEeMHjCKe aHaJH3e.
Ha  ocmoBy  ¢aktopa 3ayzeha  mpepauyHara je  CcTpykTypHa  opmyna:
(Fey,72Cay 04M go,16M N 05)3A1,Si 3015, K0ja je Beoma cinyuna GopMyIH JOOHjCHO] XEMH]CKOM
aHanu3oMm. Ha ocHOBy ja00ujeHux opmyiia npepadyHara je 3acTyl/beHOCT MHUHEpPaTHUX
KOMIIOHEHTH Yy Yy30pky: amMaHauH (57,3 %), rpocynap (34,7 %), nupon (6,3 %) u
criecaptud (1,7 %).

[1] Novak, G. A. and Gibbs, G. V., Am. Mineral. 56, (1971), 791-825.
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EFFECTSOF A-SITE DOPING ON THE LOCAL
STRUCTURE OF Pb-BASED RELAXOR FERROELECTRICS

b
A-M. Welsch, B. Mihailova, T. Malcherek’, B. Giittler, C. Paulmann, M.
(o3 a
Gospodinov , U. Bismayer

aMineralogisch—PetrogLaphischeﬁ Ingtitut, Universitét Hamburg, Grindelallee 48,
D-20146 Hamburg, Germany. Physikalisch-Technische Bundesanstalt, Bundesallee 100,

D-38116 Braunschweig, Germany. ‘Central Laboratory of Mineralogy and
Crystallography, Bulgarian Academy of Sciences, Blvd. Tsarigradsko Chausse 72, 1784
Sofia, Bulgaria

e-mail: Anna.Maria.Welsch@mineral ogie.uni-hamburg.de

Relaxors represent a special class of ferroelectric materials. Their main features
are extremely high dielectric constant, broad diffuse phase transition near the dielectric
constant maximum and a strong frequency dependence of the dielectric constant as a
function of temperature. Due to their excellent dielectric properties, strong electrostriction
and large electro-optic coefficients relaxors are of significant interest for various
technological applications. The relaxor properties result from the existing nano-scale
structural inhomogeneities, i.e., strong deviations of the local structure from the average
structure.

Pb-based perovskite-type complex oxides of the general formula ABO3 are best

known materials with relaxor-ferroelectric properties. The perovskite structure enables ion
substitutions on both A- and B-sites. Variations in the chemical composition influence the
nano-domain structure and thus allow enhancement of the desired relaxor properties.

Here we present our results on the structure of Ba- and La- doped PbS(:0 5Ta0 5O3

and PbScosNbOSO3. The structural changes caused by the doping were studied by

complementary application of single-crystal X-ray diffraction and polarized Raman
spectroscopy.

The results show that the incorporation of a three-valent cation in the A-site leads
to atetragonal modification of the unit cell and enhancement of some of the local structural
distortions existing in the stoichiometric compound.

The loading of stereochemically non-active ions causes lattice distortions and
changes in the local symmetry. Our results indicate fragmentation of the ferroic clustersin

2+
the host matrix by breaking the pattern of Pb off-centre shifts and generation of new
ferroic species. The latter depend on the valency of the A-site extra cation.
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EFEKTI DOPIRANJA A-POZICIJA NA LOKALNU
STRUKTURU OLOVNIH RELAKSORKSIH FEROELEKTRIKA
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Relaksori predstavljaju posebnu klasu feroelektri¢nih materijala. Osnovna odlika
su im ekstremno visoke vrednosti dielektricne konstante, Siroki difuzni fazni prelaz u blizini
maksimuma dielektri¢ne konstante i jaka povezanost dielektricne konstante sa frekvencom
u funkciji temperature. Zahvaljuju¢i odlicnim dielektricnim osobinama, jakoj
elektrostrikciji i visokim elektro-opti¢kim koeficijentima, relaksori su od posebnog znacaja
za razlicite tehnoloske primene. Relaksorske osobine su rezultat postoje¢e nehomogenosti
na nano-metarskoj skali veli¢ina, kao npr. znatne devijacije |okalne strukture od cel okupne
strukture.

Kompleksni oksidi Pb-perovskitskog tipa, osnovne formule ABO3 SuU ngjpoznatiji

materijali sa osobinama relaksorkih feroelektrika. Perovskitska struktura omogucava jonsku
substituciju i na A- i na B-pozicijama. Varijacija hemijskog sastava uti¢e na strukturu na
nanometarskoj skali i time se poboljSavaju poZeljne relaksorske osobine.

Prezentujemo rezlutate ispitivanja struktura Ba- and La- dopiranih PbSc Taoso3

and PbSC0 5N b0 503 Strukturne promene uzrokovane dopiranjem su proucavane
komplementarnom primenom monokristal ne rendgenske difrakcije i polarizovane ramanske
spektroskopije sa monokristala.

Rezultati ukazuju na tetragonalnu modifikaciju jedini¢ne delije i umnoZzavanja
lokalnih strukturnih distorzija koje se zati¢u jo$ kod stehiometrijskih uzoraka.

Unosenje stereohemijski neaktivnih jona dovodi do poremecaja strukturne resetke
i promene u lokalnoj simetriji. Nasi rezultati ukazuju na fragmentacuu feroi¢nih klastera u

matriksu-domacinu usled razbijanja periodi¢nosti decentriranih Pb pomeraja i stvaranje
novih feroi¢nih vrsta, posebno zavisnih od valence katjona u A-pozicijama.
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During work aimed at crystal structural investigation of the compounds in the AO-BO—
X,0s—H,0 system (A?" = Sr, Cd, Ba; B> = Mg, Mn, Fe, Co, Ni, Cu, Zn; X*" = As, V), the
new magnesium vanadate Mgl,;Mg2¢(OH)s(HooV 10,)5(HV20,) was obtained [space
group P6mc, a = 12.9096(2), ¢ = 5.0755(1) A, V = 73255(2) A3 Z = 1] using
hydrothermal synthesis. Its crystal structure was refined with single-crystal X-ray
diffraction data [CCD area detector, MoKa radiation, 298 K, 26, = 60°], starting from the
structural model of isotypic Nily«Ni2g(OH)s(H23AS10,)3(HAS20,) [1]. The refinement
(68 free parameters) yielded R; = 0.0208, wR, = 0.0483 for 349 unique reflections; for 326
observed reflections with F,2 = 46(F,2) R, = 0.0187. The Flack parameter x was 0.08(5).
The already known cobalt and nickel arsenate analogues [1] were structurally re-examined
in order to discuss the role of hydrogensin the structure.

The structures of investigated compounds are very similar to that of the mineral
dumortierite. They consist of two parts: the first part is made up of a partly occupied chain
of face-sharing M1Og-octahedra, and the second one is based on a 3D octahedral
framework having the topology of the zeolite cancrinite. The main part of a 3D framework
is the double [001] chain consisting of M2QOe-octahedra, which share edges and, within the
(001), one face. The M2-based double chains are interconnected through O atoms in a 3D
framework, where two type of [001] channels similar to those in cancrinite are formed. The
first larger channel is filled with the M1-based octahedra chain and the second with
HX20,-tetrahedra.

The Mgl site contains a significant number of vacancies. The distance aong [001]
between adjacent Mgl sites (¢/2 = 2.5377 A) is too short to alow full occupancy of the
Mgl site, which also shows a very large displacement parameter along [001] (Usz = 4.1(4)
A?). This suggests a local displacement of the Mgl cation from its average position,
probably to an adjacent empty Mgl site. The Mg2 site is fully occupied. The partial
subgtitution of V10, with HV1O, is necessary to achieve charge neutrality. In all
investigated structures a fully occupied OH™ is linked to the double chains. Despite a
significant disorder of O (Uy; = Uy, = 6.7(5), Uss = 5.(8) A?) the position of the H atom
belonging to the HV 20,-group could be identified. The H atom responsible for the partially
protonation of the V 10,-tetrahedra occupies these sites only at the M1 vacancies.

The financial support of the Austrian Science Foundation (FWF) (Grant T300-N19) is
gratefully acknowledged.

[1] RW. Hughes, L.A. Gerrard, D.J. Price, M.T. Wdller, Inorg. Chem., 42 (2003), 4160-
4164.



KPUCTAJIHA CTPYKTYPA Mglo7Mg26(OH)s(Ho2V 104)3(HV20,) U
N30CTPYKTYPHHUX CYIICTAHIIN

T. T)opljelmhl uJb. Kapal-mlmli2

Ynstitut for Mineralogie und Kristallographie, Geozentrum, Universitat Wien, Althansstr.
14, A-1090 Vienna, Austria; >Pyoapcko—eeonouiku daxynmem, Jlabopamopuja 3a
kpucmanoepapujy, Bywuna 7, beoepao 11000, Cpbuja

e-mail: tamara.djordjevic@univie.ac.at

Y TOKy KPHCTAIOXEMH|CKHX HCIHTHBAma cructeMa AO-BO—X,0s-H,0 (A% = Sr, Cd,
Ba; B? = Mg, Mn, Fe, Co, Ni, Cu, Zn; X = As, V), METOJIOM XHAPOTEPMAIIHE CHHTE3E
noOujeH je HOBM MarHesujyMcke Bamamatr: Mgl ,Mg2¢(OH)s(Ho 2V 104)3(HV 20,)
[npocropua rpyna P6sme, a = 12,9096(2), ¢ = 5,0755(1) A, V = 732,55(2) A3, z = 1].
Iberoa CTpykTypa yTaumeHa je kopumhemeM mojaraka J00UjEeHUX PEHATrE€HCKOM
nudpakiujom Ha MoHokpucrany [CCD nerexrop, MoKa 3paueme, 298 K, 26 = 60°],
noueBind on KoopauHata H30CTpYKTYpHOT Nily wNi2s(OH)3(HaxzAS10,)3(HAS20,) [1].
YraumaBame 68 croboaHux napamerpa jgaio je cienehe R Bpennocru: Ry = 0,0208, wR, =
0,0483 3a 349 nesasucuux peduiexcuja u Ry = 0,0187 3a 326 pedexcuje ca Fo? = 40(F,2).
@iaxos napamerap X je 0,08(5). Beh no3naru u3ocTpykTypHH apceHaTu kodasita 1 HUKJIA,
[IOHOBO Cy yTaumaBaHH 300r npeuusHujer oapehuBara 110/10%aja BOJOHUKA Y CTPYKTYPH.

CTpyKType UCIIUTHBAHUX jJEJHIbEHA CJAMYHE CYy CTPYKTYPH MHUHEpalla 1yMOPTHjepUTa.
One ce cacroje u3 jBe LenuHe. [1pBa je usrpaleHa o njbocHuma nosesanux Jjauaua M1Og-
okraeaapa, rae je M1 nonoxaj camo AeIMMMUYHO 3ay3eT M1-kaTjoHuma, JOK ce Apyra
cactoju oj TpoaumensuoHaiHe (3D) mpexe okraenapa KOju MMajy TOIOJIOTHjy 3€0JuTa
kaHKkpuHUTa. OCHOBHH [1€0 T€ MpPEXKE CacToju ce 01 ABOCTpyKHX JlaHaua M20g-Okraenapa
koju ce mpyxajy ayx [001] m wumajy 3ajenuuuxe wsuue, a y (001)-paBuu u jeany
3aje/iHUYKy 1sbocad. OBU JIaHLM Cy NPEKO 3aj€AHHYKUX KMCEOHHKA 1oBe3aHu y 3D mpexy
U OyX C-oce opMupajy JBa THMa KaHalla CIMYHUX OHMMA KOJ KaHkKpuHHTA. [IpBH, Behu
KaHalu, NONnymeHu ¢y MI1-oxraenapckum JaHLUMA, AOK Cy Apyrd nomywenu HX20,-
TeTpaeJpuma.

[Tomoxaj Mgl canpxwu 3nauajan 6poj Bakannuja. Pactojame myx [001] uzmehy nBa
cycenna Mgl atoma (¢/2 = 2,5377 A) cysuue je xparko 1a omoryhu mormyHo 3aysehe
Mgl monoxaja, na je mapamerap nmomepama atoma Mgl myx [001] Beruku (Usz = 4,1(4)
A?). To ykasyje ma mokamiy meypehemoctr Mgl M IeroBo momepame ca OUYEKHBAaHE
MO3UIMje Ka cyceaHoM, HemomyweHoM Mgl mnomoxajy. IMonoxaj Mg2 je mnomymeH.
Jemuvuuna 3amena V10, ca HV10, HeonxonHa je paau OaniaHca HaejekTpucama. Ko
CBUX CIMYHUX cTpykTypa OH-rpyna, koja 100 % mnonymwaBa CBOj MOJOXKaj, Be3aHa je 3a
Jymie JaHIe. YIpKoc Betnkoj Heypehenoctn kuceonnka [Up=U»,=6,7(5), Uz=5,8(8) A7,
BojloHuK U3 HV20,-rpyne ycnemHo je JjonupaH. BogoHUK KOjU JEIMMHYHO TPOTOHYjE
V10O,-rerpaeape npucyraH je camo kaj je Mgl-nosioxkaj yrnpaxeH.

[1] RW. Hughes, L.A. Gerrard, D.J. Price, M.T. Wdller, Inorg. Chem., 42 (2003), 4160-
4164.
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Continuing the investigation on the electronic properties of the thiosemicarbazide
based compounds [1] we have collected the high resolution low temperature diffraction
data for 4-methyl-3-thiosemicarbazide. Here we present the crystal structure of this
compound based on the high resolution data set. This preliminary anaysis should serve as
anindicator of the quality of the data for the following charge density study.

The single crystal X-ray analysis revealed that an asymmetric unit in the crystal
structure of the analyzed compound contains two crystalographically independent
molecules. The molecules show only small differences in bond distances and angles, but
they have dissimilar network of intermolecular hydrogen bonds. Both molecules form
numerous interactions of N-H--S, N—H-N and C-H-N type. The molecules B form
dimers through N3b—H3b--N1b interactions and further via intermolecular
N1b—-H11b.--S1b interactions form a chain of dimers.

Preliminary electron density maps were determined for both independent
molecules. These maps clearly indicate that the maxima of charge density are localized in
the region of C—N, N-N and C-S bonds. Also, maxima exist in the vicinity of the N1, N2
and S1 atoms corresponding to their free electron pairs. The following step is a multipole
refinement.

The X-ray diffraction data were collected at 100.0(1) K on a Bruker-SMART three
axis diffractometer equipped with a SMART 1000 CCD area detector using
monochromated Mo Ka radiation (wavelength 2 = 0.71073 A) in the range 0<6<51.4°. The
tota number of the reflections collected was 115688 with the average measurement
multiplicity of 10.2. The data sorting and averaging led to a 10361 unique reflections with
final Ripe = 2.31 %.

Crystallographic data: formula C4H14NeS,, monoclinic crystal system, space group
P2:/c, a = 5.9666(2), b = 8.7396(6), ¢ = 19.1354(2) A, = 92.854(2)°, V = 996.59(8) A°.
Structure was solved using the SHELXS97 program and was refined by SHELXL97 to a
residual R-factor of 2.78 % for 7506 reflections with [>30(I) and 165 refined parameters.

[1] S. B. Novakovi¢, B. Fraisse, G. A. Bogdanovi¢, A. Spasojevic¢-de Biré, Crystal Growth
Design, 7 (2007), 191-195.
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HacraBipajyhu ucTpaxkuBama, Koja ce OJHOCE Ha eJEeKTPOHCKAa CBOjCTaBa
jenumema  tuocemukapbasuaa [1], aumdpakumjom  peHAreHCKOr — 3paucwma  ca
MOHOKpHCTaJIa CaKyIUb€HM Cy HHCKOTEMIIEPATYpHM [OJAalU BHUCOKE pe30iyLuje 3a
4-verun-3-rnocemuxapbazua. Y oBom paay hemo ommcaru KpHCTaiHy CTPYKTYpy OBOT
jenumema Ha OCHOBY ceTa MoJaTaka BHCOKe pe3oiynuje. OBa MpelMMHHapHa aHaau3a
Tpebasio OM Ja MOCIY)XM M Kao MHAMKATOp KBajJuTeTa nojaraka 3a Oyayhe mpoyuasame
CJICKTPOHCKE I'yCTHHE HABE/ICHOT jCANCHA.

AHanu3a KpUCTalHE CTPYKType OTKPHMBA Ja y aCUMETPUUHOj jEAMHMLM IOCTOje
JBa KpucTajgorpadcku He3aBUCHA MOJEKyJda MCTOr cacraBa. He3aBUCHM MOJEKY/IU
[OKa3yjy BeOMa MaJly pasjiuKy y Jy)KuHama Be3a, kKao U y yrjioBuma usmely Besa, mehyrum
OHM rpaje pasnuuure unrepmosiekysncke Bogonuune Beze N—-H--S, N-H--N u C-H--N
tHna. 3a  padmky o4 Mosiekyna A monekyan b dopmupajy aummepe mpeko
unrepmosiekyickux N3b-H3b--N1b wunrepaxumja, a npasme npexo NI1b—H11lb---Slb
HHTepaKIlfja rpajie JaHall cacTaBJbeH O] JUMepa.

[IpeniMUHapHe Malle eNeKTpoHCke TycTuHe oapeheHe cy 3a oba He3aBHCHA
Mmosiekyna. OBe Mame jacHO Yykasyjy Ja Cy MakCUMyMH €/EKTPOHCKE TYCTHHE
JokanuzoBanu y npocropy xemujckux Beza C—N, N—N u C—S, kao u y oxonunu aroma N1,
N2 u Sl wrto oaroBapa moyoxkajy BUXOBUX CIOOOMHHUX €JIeKTPOHCKUX mapoBa. Crenehu
KOpaK je MyJITUIION-YTaulbaBarbe.

ExcnepuMenTtannu mojanu cy cakymsbenn Ha 100,0(1) K na Bruker-SMART
nudpakTomerpy ca Tpu oce onpemibeHuM ca SMART 1000 CCD mnoBpIIMHCKHM
JeTeKTopoM, kopucTehn MoHOXpoMaTcko MO Ko penrencko spauere (A = 0,71073 A) y
omncery 0<0<51,4°. Vkynman Opoj cakylsbeHHX peduiekcuja je 6uo 115688 ca cpeambum
MYJITHIUTMIIUTETOM H3MepeHuX peduekcdja o 10,2, CopTupameM U ycpenmaBambeM
nojaaraka qo6uja ce 10361 jenuncrena pedrekcuja ca kpajibum Ry = 2,31 %.

Kpucranorpadexu nogpauu: dopmyna CsH14NeS,, MoHOKIMHHMYHM KpuUCTanHU
cucreM, npocropua rpyma P2;/c, a = 5,9666(2) A, b = 8,7396(6) A, ¢ = 19,1354(2) A,
= 92,854(2)°, V = 996,59(8) A% Crpykrypa je pemena xopumhemem SHELXS97
nporpama W ytadumeHa ca SHELXL97 no xpajwer R-daktopa ox 2,78 % 3a 7506
pediekcuja ca 1>30(1) n 165 yraumasanux napamerapa.

[1] S. B. Novakovi¢, B. Fraisse, G. A. Bogdanovié, A. Spasojevi¢-de Biré, Crystal Growth
Design, 7 (2007), 191-195.
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From a mixture of Cd(OH),, Cu powder, 3As,05-5H,0, and distilled water, transparent
prismatic Single Crysta's of Cd5(A§)4)3.X(HASO4)XC|0.51(OH)o_39.x.(y/2)ox+(y/2)Dy/2 were
obtained under hydrothermal conditions (Teflon-lined steel autoclave, 493 K, 3 days). The
compound is hexagonal (space group P6s/m) with a=9.971(1), c=6.514(1) A,
V =560.9(1) A3, Z = 2, and adopts apatite structure type. The refinement was made starting
from the structural model of Cds(ASO4)3Cl1-2x.yOxax(OH)y [1] and using single-crystal X-
ray data (CCD area detector, MoKa radiation, 298 K, 26, =60°). For 417 unique
reflections and 41 free parameters, the refinement yielded R, = 0.0173 and wR; = 0.0354,
and for 413 observed reflections with | > 26(1), R, = 0.0170. The qualitative EDX analysis
confirmed the presence of Cd, As and Cl (Cl originated from impurities), while polarized
single-crystal IR spectra proved the existence of OH™ stretching vibrations at 3420 cm™
when recorded parallel to the c-axis.

Considering only the crystallographic sites where the Cd®*, CI~ and O* ions are
located, the structural formula can be written as Cd1,Cd2;(AsO10203,)3(Cl,04).
Coordination polyhedron of Cdl can be described as a deformed trigonal prism
Cd1015;02;, with two bases formed by Ol;- and O2;-triangles twisted to each other by an
angle of ¢ =14.1°. Three additional O3 atoms at longer distances are capping the prism
faces. The coordination geometry of the Cd2 site is a distorted Cd20203,(Cl,04)
octahedron. O1 atom, usually coordinated to this cation position in apatites, is at very long
distance (3.371(3) A) and contributes to the bond valence by only 2 %. In the channels
extending aong c-axis the Cl (61(1)%) and O4 (39(1) %) atoms occupy the same 2a
(0,0,%%) position giving the formula Cds(AsO4)3Clo61(OH)g 30

However, the longest distance in AsO,-tetrahedron (As-O2 = 1.706(4) A), together
with IR spectral data, suggested that AsO,> is partly protonated. Since it was not possible
to locate H atoms, the most probable formulais Cds(ASO4)z x(HASO4)xClo s1(OH)0.39.Ox.

Additionally, there is also a minor possibility for the vacancy formation at 2a site
(20H™ — O* + ), which was found in similar structure [1]. Thus, the formula of the
investigated compound could aso be: Cds(ASO4)3.x(HASO4)xClo.61(OH)0.39-x-(y72) Oxe y12)Dyra-

The financial support of the Austrian Science Foundation (FWF) (Grant T300-N19) is
gratefully acknowledged.

[1] C.D. Johnson, J. Feldman, D.E. Macphee, F. Worral, J.M.S. Skakle, Dalton
Transactions, 21 (2004) 3611-3615.
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W3 cmeme Cd(OH),, Cu-npax, 3As055H,O wu jgectmmosane Boje, MOX
xuaporepmanHum  ycaosuma  (tedaioHckn cya, ueamunu ayroknas, 493 K, 3 nana)
NOOWjeHr Cy NPOBHAHHM TpuU3MaTHUHH KpucTtanud xemujckor cacraBa Cds(ASOy)s.
X(HAS()4)XCIO.61(OH)O.39-x-(yl2)ox+(yl2)Dy/Z- Kaz[Mnij-apceHaT je XEKCaroHajiaH, MnpocropHa
rpyna P6y/m, a=9,971 (1), c=6,514 (1) A, V=560,9 (1) A3, Z=2 u uma crpykrypy
arnaruta. /lupakuuoHK MOAALM NPUKYIUbEHH Cy HA MOHOKpucrany [MoKa penarencko
3payeme, CCD nmerektop, 298 K, 26« =60 °] u yraumena je cTpykTypa mojasehu oj
moena Cds(ASO4)sClioyOxox(OH)y [1]. Yraumaamem 41 napamerpa aobujenu cy
cneaehu napamerpu ciarawa: Ry = 0,0173, WR; = 0,0354 3a 417 He3aBucHuX peduiekcuja u
R; =0,0170 3a 413 pednexcuje ca |>20(l). Ksamurarusna SEM (EDX) ananusa
MOTBP/MJIA je NPUCYCTBO KaJMHjyma, apceHa u xJiopa. [Topekiio xsopa je u3 Heuucroha
xemukamuja. IIpucycrso OH™ rpyne y crpykrypu aokazaHo je ML[-cnekTpockomujoMm.
Tpaxe kapakrepucruune 3a OH™ rpyny usmepene cy na 3420 cm? IpU OpUjeHTALU]H
KpHUCTAJIa MapajeHO c-OCH.

Viaumajyhu y 063up kpucranorpadeke nonoxaje Cd**, ClI™ u O® joua, dopmyaa osor
jemumerma Moxe Ja ce Hammire kao Cdl,Cd23[AsO10203;]5(Cl,04H). Koopaunanuonu
nommenap oko Cdl jecre nedopmucana tpuronanua npusma-Cd1l01;02;. OcHOBY mpu3me
unHe Olz- u O23- Tpoyriosu (yrao porauuje uzmehy rtpoyriosa ¢ = 14,1°). Ilpeocrane
TpH, Hemto ayxe Cdl—O3 Bese, nmpeacrasbajy KpyHe Ha MUbOCHHMA mpu3Me. Atom Cd2
je y xoopauHanuju 6 y ¢opmu medpopmucanor Cd20203,(Cl,04H4)-okraenpa. Kuceonnk
O1, koju je 0buuHO y KoopauHamuoHo] cepu Cd2, Hama3W ce Ha BEIHKOM pacTojarby
(3,371(3) A), a meros I0MPUHOC YKYITHO]j BaJICHIH Bese je cBera 2 %. Y KaHaluMa Jyxk C-
oce ClI (60(1)%) u O4 (39(1) %) 3aysumajy wuctu 2a (0,0%s) mnomoxaj y
(Cds(ASO4)sCloer(OH)o9). Hajmysxa As—O Besa (As—O02=1,706(4) A) ykasyje na cy
ASO4-TeTpaesipy JETMMHYHO MPOTOHOBaHHU. [TomTo Huje 610 Moryhe YTBPMTH MOJIOXKA]
U 3aCTYIIJLEHOCT OBOT' BOJIOHMKA, HajBepoBaTHHja GopMylia HCIIUTUBAHOT je/IUIbEHa jecTe
Cd5(AS04)3x(HASO,),Clps1(OH)g20.40x. Ocum Tora, mocroju Mama MoryhHoct u 3a
dopmupame BakaHiuja y nosnoxajy 2a (20H™ <« o* + 0), koja je yrBpheHa y CJIMYHO]
crpyktypu  [1]. ITlpema Tome, wMoryhe je 1a je xemujcka  (opmyia
ucnuruBator kpuctana Cds(ASO4)zx(HASO4)xClo 61(OH)o.39-x-(y12)Oxs(yr2) Dyr2-

[1] C.D. Johnson, J. Feldman, D.E. Macphee, F. Worral, J.M.S. Skakle, Dalton
Transactions, 21 (2004) 3611-3615.
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Starting from dehydroepiandrosterone, new steroid compounds, 17-picolinylidene-
androst-4-ene-3-one (1) and 17p-hydroxy-17a-picolyl-androst-4-ene-3-one (2) were
synthesized in severd steps, as potent inhibitors of enzyme aromatase, that is responsible
for catalyzing the conversion of androgens to estrogens in the last step of estrogen
biosynthesis.

The compound 1 crystallizes in the orthorhombic system, space group P2;2,2;,
with the unit cell parameters a=7.274(4), b=11.857(5), ¢=23.92(7)A, and Z=4,
D,=1.16 Mgm', p=0.07 mm™, MoK, radiation.

The compound 2 also crystallizes in the orthorhombic system, space group
P2,2,2;, with the unit cell parameters a=7.021(4), b=8.964(4), c=33.74(7)A, and Z=4,
Dy=1.18 Mgm™®, p=0.073 mm™, MoK, radiation.

The crystal structures were solved by direct methods on the basis of 2328
independent reflections for compound 1 and 2421 reflections for compound 2 using
SHELXS-86 [1] and refined by SHELXL-97 [1]. The find R factors were 0.056 for
compound 1 and 0.047 for compound 2.

Figure 1. A view of the molecular structure of compound 1 (left) and compound 2 (right)
[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,

G.M., Institt fir Anorganische Chemie der Universitét, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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Polaze¢i od dehidroepiandrosterona, dva nova steroidna jedinjenja, 17-
pikolinilidene-4-androsten-3-on (1) i 17p-hidroksi-17a-pikolil-4-androsten-3-on (2) su
sintetizovana u viSe koraka kao potencijalni inhibitori enzima aromataze, koji je odgovoran
za katalizaciju konverzije androgena u estrogene, u poslednjem koraku steroidogeneze.

Jedinjenje 1 kristaliSe u ortorombi¢nom kristal ograf skom sistemu, prostorna grupa
P2,2,2;, sa parametrima elementarne éelije a=7,274(4), b=11,857(5), c=23.92(7)A, i Z=4,
D,=1.16 Mgm', u=0.07 mm™, MoK zracenje.

Jedinjenje 2, takode, kristali3e u ortorombi¢nom kristalografskom sistemu,
prostorna grupa P2,2,2,, sa parametrima elementarne ¢dije a=7,021(4), b=8,964(4),
c=33,74(7)A, and =4, D,=1.18 Mgm, u=0.073 mm™, MoK, zracenje.

Strukture kristala su reSene primenom direktnih metoda na bazi 2328 nezavisnih
refleksija za jedinjenje 1 i 2421 refleksija za jedinjenje 2 pomoc¢u SHELXS-86 [1] i
utaénjena pomocu SHELXL-97 [1]. Konatna vrednost R faktora je 0,056 za jedinjenje 1 i
0,047 zajedinjenje 2.

Slika 1. Prikaz molekulske strukture jedinjenja 1 (levo) i jedinjenja 2 (desno).

[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,
G.M., Institit fir Anorganische Chemie der Universitét, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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Famotidine is awidely used anti-ulcer drug which belongsto the class of the
histamine receptor antagonists [1]. Although the famotidine molecule displays several
potential donor atoms alittle is known about its coordination abilities. Up to now only two
crystal structures of the metal complexes of famotidine have been reported, the title
complex [Co(fam)(en)] Cl-H,O (fam = famotidine, en = ethylenediamine) [2] and the
square-planar complex [Cu(H.fam)](ClOy4), [3]. In these structures the ligand shows
different ways of coordination demonstrating the structural flexibility. The biological
investigati ons have shown that the title compound exhibits considerable antibacterial and
antifungal activity which is higher in comparison with the drug alone[2].

The crystal structure of the title compound based on the room temperature X-ray
diffraction data has already been reported [2]. Here we present the structural features of the
same compound based on the accurate high resol ution data as an introduction to the
following investigation of its electronic properties. The preliminary results show that the
low temperature single crystal data are of very high quality and that can be used for the
multipole refinement and the charge density analysis of Co(l11) complex with famotidine.

Experimental details. The datawere collected at 100.0(1) K on a Bruker-SMART
diffractometer equipped with a SMART 1000 CCD area detector using monochromated Mo

Ka X-ray radiation (1 = 0.71073 A). Maximal resolution (SiN@A)ma= 1.10 A Thetota
number of the reflections collected was 86400. The data sorting and averaging led to 19124
unique reflections with afinal R, = 2.02 %.

Crystallographic data: formula C,qH3CICoNgOsS;, triclinic crystal system, space
group P-1, a = 9.0922(1), b = 9.2850(1), ¢ = 12.3436(2) A, o« = 86.058(1), f=77.715(2), v
=73.977(1)°, V = 978.59(8) A3, Structure was solved using the SHEL X S97 program and
refined by SHELXL97 to aresidua R-factor of 2.22 % for 15436 reflections with I>30(I)
and 336 refined parameters.

[1] J. Overgaard and D. E. Hibbs Acta Cryst. A60 (2004) 480-487;

[2] . U. Miodragovi¢, G. A. Bogdanovié¢, Z. M. Miodragovi¢, M.D. Radulovi¢, S. B. Novakovic,
G.N. Kaluderovi¢, H. Koztowski, J. Inorg. Biochem. 100 (2006) 1568-1574;

[3] M. Kubiak, A. Duda, M.L. Ganadu, H. Koztowski, J. Chem. Soc., Dalton Trans. (1996) 1905~
1908.
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Famotidin je Siroko primenjivani antiulkusni lek koji pripadaklasi antagonista
histamina[1]. lako famotidin imanekoliko potencijalnih donornih atoma, malo se zna o
njegovim kompleksiraju¢im sposobnostima. Do sada su opisana dva kompleksa metala sa
famotidinom, naslovljeni kompleks [ Co(fam)(en)]Cl-H,O (fam = famotidin, en =
etilendiamin) [2] i kvadratno-planarni kompleks [ Cu(H,fam)](ClO,), [3]. U ovim kristalnim
strukturama ligand pokazuje ralicite nacine koordinacije $to ukazuje na njegovu strukturnu
fleksibilnost. BioloSka ispitivanja su pokazala da naslovljeni Co(l11) kompleks pokazuje
znacajnu antibakterijsku i antifungalnu aktivnost koja je ve¢a u poredenju sa aktivnoscu
nekoordinovanog leka[2].

Kristalna struktura naslovljenog jedinjenja je odredena na osnovu podataka
dobijenih eksperimentom na sobnoj temperaturi [2]. Ovde ¢emo prezentovati strukturna
svojstva istog jedinjenja koja su odredena na osnovu niskotemperaturnih podataka visoke
rezolucije. Ova analiza predstavlja uvod u predstojece ispitivanje elektronskih svojstava
naslovljenog Co(ll) kompleksa. Preliminarni rezultati pokazuju da su podaci dobijeni
difrakcijom rendgenskog zracenja visoke rezolucije visokokvalitetni i da se mogu koristiti
za dalje multipol-utanjavanje i analizu raspodele gustine naelektrisanja u kompleksu
Co(I1) sa famotidinom.

Eksperimentalni detalji: Podaci su prikupljani na difraktometru Bruker-SMART
opremljenim SMART 1000 CCD detektorom, na temperaturi od 100.0(1) K. Koriséeno je
monohromatsko Mo Ke zragenje (A = 0,71073 A). Maksimalna ostvarena rezol ucija
(SN@2)max = 1,10 At Prikupljeno je ukupno 86400 refleksija. Usrednjavanjem podataka
dobijeno je 19124 nezavisnih refleksija (R = 2,02 %). Kristalografski podaci: formula
C10H23CICoNgOsS;, triklini¢ni sistem, prostorna grupa P-1, a = 9,0922(1), b = 9,2850(1), ¢
=12,3436(2) A, a = 86,058(1)°, = 77,715(2), y = 73,977(1)°, V = 978,59(8) A®. Struktura
je reSena SHELXS97 programom i utaénjena programom SHELXL97 do finalnog R = 2,22
% za 15436 refleksija (1>30(1)) i 336 utaénjavanih parametara.

[1] J. Overgaard and D. E. Hibbs Acta Cryst. A60 (2004) 480-487; [2] b. U. Miodragovi¢, G. A. Bogdanovi¢, Z.
M. Miodragovi¢, M. B. Radulovi¢, S. B. Novakovi¢, G. N. Kaluderovi¢, H. Koztowski, J. Inorg. Biochem. 100
(2006) 1568-1574; [3] M. Kubiak, A. Duda, M. L. Ganadu, H. Koztowski, J. Chem. Soc., Dalton Trans. (1996)

1905-1908.
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Titanium monoxide belongs to the class of highly nonstoichiometric interstitial phases
and exists in a wide composition range, from TiOggy to TiO12. Even among highly
nonstoichiometric compounds TiOy is unique in the sense that it contains a large amount of
both, metal and non-metal vacancies. To adequately describe the defect structure of
titanium monoxide, its formula should take into account Ti and O vacancies: Ti,O, = TiO,,
or Tim.,O0,01.,=TiOy, where y=2/x, while o and m designate O and Ti vacancies,
respectively. The distribution of atoms and vacancies over the crystal lattice of titanium
monoxide can be disordered and ordered, depending on the oxygen content and thermal
treatment. In a disordered phase, with the cubic NaCl structure, atoms and structural
vacancies are randomly distributed over the crystal lattice sites. Ordering is accompanied
by the reduction to the monoclinic symmetry, but the effect of ordering on thermodynamic
properties of titanium monoxide has not been studied in detail yet.

In conventional synthetic procedures, TiO, samples usually consist of two phases and
contains both, ordered and disordered phase. Also, the colour of conventionally synthesized
materials vary from yellowish silvery over golden yellow to dark golden yellow. In this
work TiO, samples were prepared from Ti metal and TiO, (rutile) powders by solid state
reaction in a planetary ball mill. The mixtures of reactants, with Ti:TiO, molar ratios equal
to 1:1, 1.10:1 and 1.25:1, were milled for 2 hours using hardened-steel vials and ballsin an
air or argon atmosphere. The synthesized samples were further annealed (sedled quartz
ampoules) in a vacuum or argon atmosphere for 24 hours a temperature range 600—
1100 °C. The products were characterized by X-ray powder diffraction (XRPD) and
TG/DT/DSC analysis, optical and scanning electron microscopy. The approximate average
crystallite size of milled samples was calculated using the Scherrer formula.

After milling, XRPD anaysis confirmed formation of disordered cubic titanium
monoxide of low crystallinity and nanometer crystallite size in al cases. After annealing at
different temperatures the crystallinity increased and disordered structure remained, except
in the case of the 1.25:1 reactants ratio, where the maxima of an ordered monoclinic
titanium monoxide were observed at 900 °C. Optical microscopy showed a wide range of
colours (intensive blue, violet, golden yellow, brown and silver grey) what probably can be
attributed to the nonstoichiometry and iron contamination, because the EDS analysis
revealed an average iron content of about 2.5 wt.%.

The cubic to monoclinic and vice versa TiO, phase transitions were investigated by
DSC analysis in an argon atmosphere. No expected phase transitions were observed up to
1300 °C.
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Titan-monoksid, sa kubnom NaCl strukturom, predstavlija Skolski primer
nestehiomerijskih oksida. Svi oksidi u opsegu od TiOpg do TiOpp Smatraju se
monoksidima. Cak i medu tipi¢nim predstavnicima nestehiometrijskih jedinjenja TiOy je
jedinstven, jer u kristalnoj strukturi istovremeno postoje defekti prouzrokovani vakancijama
na mestima predvidenim i za anjone i za katjone. Da bi defektna struktura titan-monoksida
bila pravilno predstavljena prilikom pisanja hemijske formule potrebno je uvrstiti i Supljine:
TiyO, = TiO,, ili Ti,m;-O0,,=TiOy, gdejey = z/x, dok o i m oznacavaju redom Supljine O
i Ti. U zavisnosti od sadrzaja kiseonika i termickog tretmana raspored atoma i Supljina u
kristalngj reSetki titan-monoksida moze biti ureden i neureden. U neuredenoj kubnoj fazi,
atomi i strukturne Supljine su nasumice rasporedeni unutar kristalne reSetke. Uredivanje
strukture praéeno je snizenjem simetrije do monoklinicne, ali uticaj uredivanja na
termodinamicke osobine titan-monoksida joS uvek nije detaljno ispitan.

Konvencionalno dobijeni uzorci titan-monoksida obi¢no su dvofazni i sastoje se od
uredene i neuredene faze. Boja ovako pripremljenih uzoraka varira od srebrnastozute do
razli¢itih nijansi zlatnozute. U ovom radu uzorci TiO, dobijeni su u planetarnom mlinu
mehanohemijskom reakcijom u ¢vrstom stanju izmedu Ti i TiO, (rutil). SmeSe reaktanata,
samolskim odnosima Ti:TiO, jednakim 1:1, 1,10:1i 1,25:1, mlevene su 2 h u posudama od
specijalnog celika sa odgovarajuéim kuglicama u atmosferi vazduha ili argona. Ovako
mleveni uzorci zagrevani su (zatopljene kvarcne ampule) u vakuumu ili atmosferi argona
24 h na temperaturama od 600 do 1100 °C. Proizvodi su okarakterisani rendgenskom
difrakcijom, TG/DT/DSC-analizom, opti¢kom i skenirajuéom elektronskom mikrosko-
pijom. Prose¢na veli¢ina kristalita mlevenih uzoraka izralunata je na osnovu Sererove
jednacine.

Rendgenskom difrakcijom potvrdeno je da se tokom mlevenja u svim slucajevima
formira neuredena faza niske kristalini¢nosti kubnog titan-monoksida, sa kristalitima
nanometarskih dimenzija. Nakon zagrevanja na razli¢itim temperaturama kristalini¢nost
uzoraka je porasla, a struktura je ostala neuredena. Jedini izuzetak je uzorak sa odnosom
reaktanata 1,25:1 kod kojeg su se nakon zagrevanja na 900 °C pojavili pikovi uredene
monoklinicne faze TiOy. Optickom mikroskopijom zapazene su vrlo razliCite boje
(intenzivnoplava, ljubicasta, zlatnozuta, mrka i srebrnosiva). To se verovatno moze pripisati
nestehiometriji i zaprljanju gvozdem, sa obzirom da je EDS analizom naden proseCan
sadrzaj gvozda od oko 2,5 mas.%.

Fazni prelaz TiOy iz kubnog u monoklini¢ni i obrnuto ispitivan je DSC-analizom u
atmosferi argona do 1300 °C. Ni u jednom slucaju nije potvrdeno postojanje ocekivane
fazne transformacije.
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Complexes of citric acid are important intermediates in production of high conductivity
materials, such as LaNiOz; and LaMnOs [1,2] using modified Pechini method [3]. However,
not much is known about transition metals-citrate complexes and their crystal structures.
The title compound is obtained during attempts to grow single crystals of a Mn(ll1) citrate
from a strong akali aqueous solution (pH = 13) in the presence of NaOH. The title
compound crystallise during the slow evaporation of the mother liquor as small light brown
prismatic crystals together with many large (up to 25 mm) colourless needle-like crystals,
which were not further characterized. The colour of the investigated crystals indicated the
possible presence of Mn®* ions, which were latter proved using the quaitative EDX
analysis. However, their space group was identica and their unit-cell parameters were
practically equal to the data published for Na;CeHs0,-2H,0 [4].

The crystal structure refinement showed that light brown crystals are actually
NasCeHs07-2H,0, with the crystal structure essentially the same as published previously
[4]. However, the compound contains about 0.01 mol of Mn*" ions per formula unit. They
were identified in the AF map as a maximum of only 1.25 e A~ The coordination number
of Mn** ionsis six with the following Mn-O bond lengths: 1.1914(15) (x2), 2.149(6) (x2)
and 2.584(10) (x2) A. The MnOs polyhedron can be described as a strongly deformed
octahedron, or optionally as an apex split square pyramid with tetrahedraly deformed basal
plane. Mn® ions are moved out from the basal plane toward the apex of the pyramid.

Crystal data: CsHgMng ;NagOg, Mr = 1004.26, monoclinic system, space group C2/c, a
=15.7070(3), b = 12.4990(2), ¢ = 11.2710(2) A, g = 103.5990(10)°, V = 2150.71(7) A® 2 =
8, F(000) = 1202, p, = 1.820 g cm™, x = 0.279 mm™, S= 1.037, R, = 0.0289 for 2508
reflections with | > 26(1), WwR, = 0.0782 for 2661 independent reflections and 202 refined
parameters, (A/0)max < 0.001, Apma = 0.70 eA=s Apmin =-0.44 eAs

[1] M. Potuéa, G. Brankovié¢, Z. Brankovi¢, D. Vasiljevi¢-Radovié, D. Poleti, J. Eur.
Ceram. Soc. 27 (2007) 1083.

[2] K. Duri$, G. Brankovié, Z. Brankovi¢, M. Pocuca, D. Poleti, Mater. Sci. Forum 555
(2007) 237.

[3] M. Pechini, US Patent 3,330,697, 1967.

[4] A. Fischera, G. Palladino, Acta Cryst. E59 (2003) m1080.
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Kompleksi limunske kiseline su vazni meduproizvodi pri koris¢enju moditikovane
Pechini metode [1] za dobijanje materijala sa visokom elektricnom provodnos¢u, kao §to su
LaNiO; i LaMnOs [2,3]. Medutim, saznanja o citratnim kompleksima prelaznih elemenata i
njihovoj strukturi vrlo su ograni¢ena. Opisano jedinjenje nastalo je tokom poku3aja da se
dobiju monokristali nekog Mn(l11)-citrata iz jako alkalnog vodenog rastvora (pH = 13) u
prisustvu NaOH. Tokom sporog uparavanja mati¢nog luga dobijeno je puno velikih (do 25
mm), igli¢astih i bezbojnih kristala koji nisu dalje okarakterisani i samo nekoliko manjih
prizmati¢nih kristala svetlo-mrke boje. Njihova boja ukazivala je na moguce prisustvo
Mn®*-jona, §to je potvrdeno i kvalitativnom EDX-analizom. Medutim, prostorna grupa tih
kristala bile je jednaka, a parametri jedni¢ne éelije prakti¢no identi¢ni ranije publikovanim
podacima zaNazCgHs0;-2H,0 [4].

ReSavanje kristalne strukture pokazalo je da se zaista radi o natrijumovoj soli limunske
kiseline, NagCeHs07-2H,0, ¢ija se struktura sustinski ne razlikuje od ranije opisane [4].
Medutim, jedinjenje sadrzi i oko 0,01 mol Mn3+-jona po formulskoj jedinici, koji su
identifikovani na osnovu maksimuma od samo 1,25 e A= na AF-mapi. Joni Mn*" imaju
koordinacioni broj 6 sa duzinama Mn-O veza: 1,9514(15) (x2), 2,149(6) (x2) i 2,584(10)
(x2) A. Koordinacioni poliedar moZe se opisati kao jako deformisani oktaedar, ili kao
kvadratna piramida sa rascepljenim vrhom i tetraedarski deformisanom osnovom, pri ¢emu
su joni Mn®* pomereni iz bazne ravni ka vrhu piramide.

Kristalografski podaci: CsHoM ngg;NasOg, M, = 294,72, monoklini¢an sistem, prostorna
grupa C2/c, a=157070(3), b=124990(2), c=11,2710(2) A, [=103,5990(10)°,
V =2150,71(7) A%, z=8, F(000) = 1202, p,=1,820gcm™>, ©=0,279 mm™, S=1,037,
R; = 0,0289 za 2508 refleksija sa 1>20(1), wR, = 0,0782 za 2661 nezavisne refleksije i 202
utaénjavana parametra, (& O)max < 0,001, Apmax = 0,70 € A Apmin=-0,44 € A

[1] M. Pechini, US Patent 3,330,697, 1967.

[2] M. Potuca, G. Brankovié¢, Z. Brankovi¢, D. Vasiljevi¢-Radovié, D. Poleti, J. Eur.
Ceram. Soc. 27 (2007) 1083.

[3] K. Duri$, G. Brankovi¢, Z. Brankovi¢, M. Pocuca, D. Poleti, Mater. Sci. Forum 555
(2007) 237.

[4] A. Fischera, G. Palladino, Acta Cryst. E59 (2003) m1080.
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In this paper the grain size influence on dielectric permittivity of nanoparticle
zinc-ferrite was examined. ZnFe,O, was synthesized by sedimentation from liquid phase,
and for the purpose of further examination heated to 773 K.

The obtained powders were scanned by Siemens D5000 difractometer in Bragg-
Breantano geometry (©-20), using "step-scan” technique in 10-80° 2@ angle range, at
every 0.02°. Counting time on each step was 15s, and intensity of monochromatic radiation
had CuK4;:CuK ¢»,=0.514 ratio.

Determined by FullProf computer programme, the average crystallite size was
21(4) and 81(6) A for as prepared (S,) and heated (S,) sample, respectively.

Dielectric permittivety was measured in 300-630K temperature range, on 1 Hz, 10
Hz, 100 Hz, 1 kHz i 10 kHz frequencies, using Dielectric Analyzer 2970 (DEA 2970).
Samples (tablets d=10 mm) were prepared by pressing to 500M Pa.

Temperature dependence of permittivety of S; and S, samples on different
frequencies are shownin Figures 1. i 2., respectively.
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Figure 1. Figure 2.

The obtained values of permittivety in examined temerature and frequency region
are significantly higher for S; samle than for S, sample. The first peaks of permittivety
(caused by interfaced polarization) of S; sample are noticed in lower temperature interval
(300-325K) than those of S, sample (350-375K). Registrated shift is consenquence of
growth of grain size and decreased contact area. The second peak of S; sample (550-575K)
refers to dipol polarization. Since grain size increasing of S, sample and the stabilization of
the system ocuured, there is no peak refered to this type of polarization in observed
temperature region.
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U ovom radu ispitivan je uticaj veli¢ine zrna na vrednost dielektri¢ne konstante
nanoCesti¢nog zink ferita. ZnFe,O, dobijen je taloZzenjem iz te¢ne faze, i za potrebe daljeg
istraZivanja odgrejan na 773K .

Dobijeni prahovi su snimani pomoc¢u difraktometra Siemens D5000 u Bragg-
Breantano geometriji (©-20), "step-scan” tehnikom u rasponu uglova 20 10-80° i korakom
0,02°. Vreme zadr7avanja na svakom koraku iznosilo je 15s, a intenzitet
monohromatizovano zracenje je imao odnos CuKq1:CuK,,=0.514

Primenom FullProf programa odredena je srednja veli¢ina kristalita koja je za
neodgrejan (S,) i odgrejan (S,) uzorak iznosila21(4) i 81(6) A, respektivno.

Merenje dielektricne konstante uzraka je vrSeno u opsegu 300-630K, na
frekvencijama 1 Hz, 10 Hz, 100 Hz, 1 kHz i 10 kHz, pomoéu uredaja Dielectric Analyzer
2970 (DEA 2970). Uzorci (tablete d=10 mm) su pripremljeni presovanjem na 500M Pa.

Zavisnosti izmerenih vrednosti dielektri¢ne konstante kod S; i S, uzorka na
razli¢itim frekvencijama prikazana je naslikamal. i 2., respektivno.
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Slika 1. Sika 2.

Izmerene vrednosti dielektricne konstante u ispitivanom temperaturskom i
frekventnom regionu kod S; uzorka zna¢ajno su vece nego kod S, uzorka. Kod S; uzorka
prvi lokalni maksimumi merene veli¢ine (uzrokovani meduslojnom polarizacijom) se
uocavaju u niZem intervalu temperatura (300-325K) nego kod S, uzorka (350-375K).
Uoceno pomeranje posledica je ukrupnjavanja zrna i smanjenja dodirnih povrSina izmedu
njih. Drugi maksimum kod S; uzorka (550-575K) odgovara dipolnoj polarizaciji. Kako je
kod S, doSlo do ukrupnjavanja zrna di i do stabilisanja sistema u merenom opsegu nema
maksimuma koji bi se pripisao ovoj vrsti polarizacije.
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Metastable y-Bi,O; phase is one of five Bi,O3 polymorphs. Interest for this phase is
motivated by its outstanding properties, which are a consequence of noncentrosymmetric
space group (123). Our previous research was focused on cations that could be used to
stabilize y-Bi,Oz phase at room temperature, and many practicaly single-phase samples
with y-Bi,O;3 structure containing Co, Fe, Mn, Si, Pb, Ti, V or Zn as dopants have been
successfully prepared [1]. However, three of them (Mn, Ti, V) showed some particularities.

In the simplest case, when dopants are M*" ions, the formula of y-phases is Bi;,MOx,
whereas for M** the formula is Biy(M*"5)O20. Hence, the “ideal” Bi:M molar ratio should
be 12:1 for Mn- and Ti-, and 15:1 for V-doped samples. Our previous study [1] aso
showed that even smaller quantity of dopants could stabilize y-Bi,Os; phase. The
exceptional behaviour of the systems containing Mn™, Ti** or V°* ions is their ability to
give two different y-Bi,Os phases in the same sample with a smaller quantity of dopants.

In order to test this phenomenon two sets of syntheses were performed: one using the
idea Bi:M (M = Mn, Ti, V) molar ratios and other with half of an ideal dopant quantity.
Six different mixtures of a-Bi,O; and dopant oxides were homogenized in an agate mortar,
heated at 750 °C for 3 hoursin an open Pt crucible and then annealed to room temperature.
The products were characterized by XRPD, SEM/EDXS, SAED and HRTEM analysis.

The results listed in next table showed that the syntheses with ideal molar ratios
produced only one y-Bi,Os; phase, while the syntheses with half a quantity of dopants
yielded the mixtures of two, y; and y, phases with different mass ratios (w).

a(y-Bi,O5)/A,  a(y-Bi,Ox)/A,  Impurity,

Sample wiwt.% wiwt.% wiwt.%
6Bi,0;-MnO,  10.221(1), 100 - -

12Bi,0;-MnO, 10.2181(6), 65  10.2627(7), 32 a-Bi,Os, 3
6Bi,05-TiO, 10.1839(6), 100 - -

12Bi,05-TiO, 10.1874(6), 60  10.2630(7), 38 a-Bi,Os, 2
15Bi,05-V,05  10.2251(3), 100 - -
30Bi,03V,05s 10.2310(7),44  10.260(1), 56 -

It is obvious that y;-phases have similar unit cell parameters, a, as corresponding
y-phases obtained for ideal molar ratios, while the parameter of y,-phases is close to the
parameter of undoped y-Bi,Os (10.268 A). Hence, we can conclude that the produced
mixtures consist of doped and undoped y-Bi,Oz. This is also confirmed by the results of
SEM/EDXS, SAED and HRTEM analyses, which will be discussed in detail.

[1] D. Poleti, Lj. Karanovi¢, A. Hadzi-Toni¢, Z. Kristallogr, 222 (2007) 59-72.
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Metastabilna y-Bi,Oz faza predstavija jednu od pet polimorfnih modifikacija Bi,Os.
[zuzetne osobine ove faze, koje su posledica njene necentrosimetri¢ne prostorne grupe
(123), motivisale su nas da je detaljnije prou¢imo. Nasa ranija istraZivanja svodila su se na
odredivanje koji to katjoni mogu stabilizovati y-Bi,Oz fazu na sobnoj temperaturi, pa su
tako dobijeni mnogi jednofazni uzorci sa strukturom y-Bi,Os dopirane sa Co, Fe, Mn, Si,
Pb, Ti, Vi Zn[1]. Medutim, tri dopanta (Mn, Ti, V) pokazala su specifi¢no ponasanje.

U najprostijem sluaju, kada je dopant M**-jon, formula y-faze je Bi;,MO,, dok je za
M>*-jon formula Biy»(M>*45)O%. 1z tog razloga idealni molski odnos Bi:M jednak je 12:1
za uzorke dopirane sa Mn ili Ti i 15:1 za uzorke dopirane sa V. Nasa prethodna istraZivanja
[1] pokazala su dai manje koli¢ine dopanta mogu stabilizovati y-Bi,O; fazu pa su upravo
pri manjem sadraju dopanta, sistemi sa Mn*", Ti** ili V**-jonima pokazali neotekivano
ponasanje, dajuci dve razli¢ite y-Bi,O3 faze u istom uzorku.

U nameri da se ispita ova) fenomen izvrSene su dve serije sinteza: jedna, sa idealnim
molskim odnosom Bi:M (M = Mn, Ti, V) i druga, sa duplo manjom koli¢inom dopanta od
idealne. Sest razli¢itih smesa a-Bi,O3 i oksida dopanata homogenizovane su u ahatnom
avanu, grejane tokom 3 h na 750 °C u otvorenim Pt lon¢i¢ima i potom sporo hladene do
sobne temperature. Proizvodi su okarakterisani XRPD, SEM/EDXS, SAED i HRTEM
analizom.

Rezultati prikazani u sledecoj tabeli pokazuju da sinteze sa idealnim molskim odnosom
daju samo jednu y-Bi,O; fazu, dok sinteze sa upola manjom koli¢inom dopanta daju smeSu
dve y-faze, y1 i Yo, sa razli¢itim masenim odnosom (W).
a(y1-Bi05)/A,  a(y-Bi,03)/A,  Netistoce,

w/mas.% w/mas.% w/mas.%
6Bi,0;*MnO,  10,221(1), 100 - -
12Bi,0,-MnO, 10,2181(6), 65  10,2627(7), 32 a-Bi,Os, 3
6Bi,03-TiO, 10,1839(6), 100 - -
12Bi,0,-TiO,  10,1874(6), 60  10,2630(7), 38 a-Bi,Os, 2
15Bi,03:V,0s  10,2251(3), 100 - -
30Bi,05-V,05 10,2310(7),44  10,260(1), 56 -

Ocigledno je da yj-faze imaju parameter celije, @, slican parametru odgovarajucih
y-faza dobijenih za idealni molski odnos, dok je parametar y.-faze blizak parametru
nedopiranog y-Bi,O; (10,268 A). Stoga se moZe zakljuditi da dobijena sme$a sadrzi i
dopiran i nedopiran y-Bi,Os. Ovo je potvrdeno rezultatima SEM/EDXS, SAED i HRTEM
analiza, koji ¢e biti detaljno prikazani i diskutovani.

Uzorak

[1] D. Poleti, Lj. Karanovi¢, A. Hadzi-Toni¢, Z. Kristallogr, 222 (2007) 59-72.
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Metal ions, atoms, surfaces and compounds interact with aromatic hydrocarbons and
often form stable complexes through overlap of the ring Ttand 1T orbitals with appropriate
orbitals of the metal atom. Hein and his co-workers isolated the first molecular arene-metal
complexes in 1919, but definitive compositional and structural characterization of these
complexes was not achieved until the mid-fifties. Bis(arene)-metal complexes are
compounds in which a metal atom is coordinated by two planar and paralel (or nearly
parallel) molecules of aromatic hydrocarbons. These complexes are also known as
“sandwich” complexes.

There is intensive research of noncovalent interactions involving T-systems. It was
shown that these interactions are very important for many biological molecules. Analyzing
CH/mt interactions in proteins shows that these interactions play an important role in the
stability of proteins.

Bis(arene)-metal complexes can be involved in three different types of noncovalent
interactions. Due to coordination electron density is transferred from aromatic molecules to
metal atom leaving hydrogen atoms from aromatic molecules more positive. These
hydrogen atoms can be involved in strong CH/mt interactions. Calculations of magnetic
properties of arene-metal complexes have shown that complexation to metal atom does not
reduce the aromaticity of arene ligand so it can be involved in XH/mt (X=0, N, C)
interactions as hydrogen atom acceptor. Also, because of high symmetry and delocalized
electrons we can expect existence of strong stacking interactions in crystal structures of
sandwich complexes.

Cambridge Structural Database (CSD) search has been performed for al structures
where bis(arene)-metal complexes are involved in CH/Tt interactions either as hydrogen
atom donors or as 1t systems. The search was done for two types of bis(arene)-metal
complexes. complexes with benzene molecules as aromatic ligands and complexes with
cyclopentadienyl anions as aromatic ligands.

By searching CSD we found a number of compounds with CH/mtinteractions in crystal
structures of bis(arene)-metal complexes. The results have shown that there is a larger
number of CH/Tt interactions in complexes with cyclopenadyenil anion as a ligand. Also,
the search has shown that complexes with coordinated cyclopentadienyl anions are better
hydrogen atom acceptors, while complexes with coordinated benzene molecules are better
hydrogen atom donors in CH/ttinteractions.

[1] M.K. Mil¢i¢, V.B. Medakovi¢, D.K. Sredojevi¢, N. Jurani¢, S.D.Zari¢, Inorg. Chem. 45
(2006) 4755.
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Joni, atomi, povrsina i jedinjenja metala interaguju sa aromati¢nim ugljovodonicima i
grade stabilne komplekse preklapanjem Tti TU orbitala prstena sa odgovarajuéim orbitalama
atoma metala. Ovi aren-kompleksi metala prvi put su sintetisani jos 1919. godine, ali su tek
pedesetih godina proslog veka i strukturno okarakterisani. Bis(aren)-kompleksi metala su
kompleksi u kojima su dva planarna i paralelna (ili skoro paralelna) aromati¢na
ugljovodonika vezana za atom metala. Ovakvi kompleksi se nazivaju jo$ i ..sendvic*
kompleksi.

Nekova ntne interakcije u Tt sistemima mnogo su proucavane u poslednjih dvadesetak
godina[1]. Pokazano je da su ove interakcije veoma vazne u bioloskim molekulima, kao na
primer CH/Tt interakcije, koje imaju veoma znaajnu ulogu u stabilizaciji nativne
konformacije proteina.

Bis(aren)-kompleksi mogu graditi tri razli¢ite vrste nekovalentnih interakcija Tt tipa
Zbog prelaska elektronske gustine sa aromaticnog liganda na atom metala vodonici
aromati¢nog molekula postaju pozitivniji i mogu graditi jate CH/TU inteakcije nego
nekoordinovani aromati¢ni molekul. Najnoviji proracuni magnetnih osobina pokazali su da
aromatic¢ni ligand koordinacijom zadrzava (i u nekim slucajevima pojacava) svoje
aromati¢ne osobine tako da moze ulestvovati u XH/1t (X=0, N, C) interakcijama kao
akceptor vodonikovog atoma. Takode, zbog toga Sto poseduju visoku simetriju i
delokalizovane elektrone ocekuje se da u kristalnim strukturama ovih sendvi¢ kompleksa
mogu postojati jake steking interakcije izmedu susednih molekula kompleksa ili izmedu
molekula kompleksa i aromati¢nih molekula rastvaraca.

Kembricka banka kristalografskih podataka (CSD) pretraZzena je na sve strukture u
kojima bis(aren)-kompleksi metala uéestvuju u CH/Tt interakcijama, bilo kao donori
vodonikovog atoma, bilo kao Tt sistemi. Pretraga je uradena za dve vrste bis(aren)-
kompleksa: komplekse u kojima je arenski ligand molekul benzenai komplekse u kojima je
arenski ligand ciklopentadienilni anjon.

Pretragom kristalografske banke podataka naden je veliki broj struktura u kojima
postoje CH/Ttinterakcije u bis(aren)-kompleksima. Rezultati pretrage su pokazali da postoji
veci broj CH/Tt interakcija u kompleksima u kojima je ligand ciklopentadienilni anjon.
Takode, na osnovu broja pronadenih struktura moZe se videti da su kompleksi sa
koordinovanim ciklopentadienilnim anjonom bolji akceptori vodonikovog atoma, dok su
kompleski sa koordinovanim molekulom benzena bolji donori vodonikovog atoma u CH/mt
interakcijama.

[1] M.K. Mil¢i¢, V.B. Medakovi¢, D.K. Sredojevi¢, N. Jurani¢, S.D.Zari¢ Inorg. Chem. 45
(2006) 4755.
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Large number of studies of noncovalent interactions involving z-systems in many
areas of chemistry, biochemistry and molecular biology as well as importance of water
molecule in these systems motivated us to study noncovalent interactions between
n-systems of aryl group and water molecule. Water involved in OH/x interactions can be
noncoordinated or coordinated to a metal atom. Coordination of water molecule to a metal
atom has important influence on OH/z interactions [1], hence, these interactions are named
metal ligand OH/r interactions or MLOH/x interactions.

The crystal structures containing water molecule and Cg-aromatic group were
obtained from Cambridge Structural Database (CSD). The structures of these complexes
were screened for intermolecular OH/n interactions using geometrical criteria. We searched
for structures in which the distance between a hydrogen atom of aqua ligand and the center
(Q) of any phenyl ring was shorter than 3.5 A, the angle O-H-Q was less than 110°, and the
angle between H-Q line and the normal on the ring plane was less than 30°.

By searching crysta structures from CSD we found 84 structures with 102
intermolecular interactions where aqua ligand is hydrogen atom donor while Tesystem of
C6-aromatic ring is acceptor (MLOH/x interactions), and 248 structures with 278
intermolecular interactions where water molecule is hydrogen atom donor (OH/x
interactions). The geometries of MLOH/n and OH/x interactions were analyzed. The
analysis showed that charge of the agua complex has important influence on MLOH/x
interactions, and that interactions of coordinated water molecule are stronger than
interactions of noncoordinated.

[1] M. K. Milgi¢, Z. D. Tomi¢, S. D. Zarié, Inorg. Chim. Acta, 357, (2004), 4327-4329.
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Veliki broj istrazivanja nekovalentnih interakcija, u kojima ucestvuju n-sistemi, u
oblasti hemije, biohemije i molekularne biologije, kao i izuzetan znacaj i prisustvo vode u
svim ovim sistemima, motivisali su nas da ispitamo nekovalentne interakcije izmedu
n-sistema aril grupe i vode. Voda koja gradi OH/x interakcije moze biti nekoordinovana i
koordinovana. Koordinovanje vode za metal ima velikog uticagja na OH/x interakcije [1], pa
se zbog toga interakcije zovu metal ligand OH/x interakcije ili MLOHT interakcije.

Kristalne strukture koje sadrze molekul vode, bilo koordinovan za metalni jon, bilo
nekoordinovan, i Cg-aromati¢nu grupu, pronadene su pretrazivanjem Kembridzke
kristalografske banke podataka (CSD). Koris¢enjem geometrijskih kriterijuma u ovim
strukturama su pronadene OH/z interakcije. Analizirali smo samo one strukture kod kojih
je rastojanje izmedu vodonikovog atoma, iz molekula vode, i centra aril grupe (Q) manje
od 3.5A, ugao O-H-Q manji od 110°, a ugao koji zaklapa duz H-Q sa normalom na ravan
prstenamanji od 30°.

Pretrazivanjem CSD dobijeno je 84 strukture, sa 102 intermolekulske interakcije,
u kojima je akva ligand donor vodonikovog atoma, dok TE-sistem C6-aromati¢nog prstena
je akceptor (MLOH/x interakcije), i 248 struktura, sa 278 intermolekulskih interakcija, u
kojima je nekoordinovan molekul vode donor vodonikovog atoma (OH/xn interakcije).
Andlizirane su geometrije MLOH/x i OH/n interakcija. Ova analiza je pokazala da
naelektrisanje akva kompleksa ima znadajnog uticaja ha MLOH/n interakcije i da su
interakcije koordinovanog molekula vode jace od interakcija nekoordinovanog molekula
vode.

[1] M. K. Mil¢i¢, Z. D. Tomi¢, S. D. Zarié, Inorg. Chim. Acta, 357, (2004), 4327-4329.
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It was shown that in structures of metal complexes there are specific types of
noncovalent interactions involving z-systems. Hence, in the structures of metal complexes
there are stacking interactions involving organic aromatic fragments, however, in stacking
interactions can be also involved planar chelate rings with delocalized m-systems [1,2].
Since in bipyridyl complexes there are organic aromatic as well as planar chelate rings that
can be involved in stacking interactions, we studied stacking interactions in crystal
structures of bipyridyl metal complexes.

By searching Cambridge Structural Database (CSD), crystal structures that contain
bipyridyl fragment coordinated to a metal were found; there are 322 of such structures in
CSD. Analysis of geometrical parameters in the crystal structures indicate stacking
interactions between bipyridyl ligands coordinated to a metal atom. However, bipyridyl
ligand can be involved in stacking interactions with some other fragments.

The results indicate that in most of the structures two interacting complexes are
oriented in the way that are two bipyridyl ligands are one above another (value of torsion
angle is 0°) (Figure 1.a), or two bipyridyl groups can be oriented in the way that value of
torsion angle is 180° (Figure 1.b).

@] [b]
Figure 1. Strucutres with torsion angle 0" [a] and torsion angle 180° [b]
[1] Zoran D. Tomi¢, DuSan N. Sredojevié, Snezana D. Zari¢, Crystal Growth & Design,
2006, 6, 29-31.

[2] DuSan N. Sredojevi¢, Zoran D. Tomié, Snezana D. Zarié, Central European Journal of
Chemistry, 2007, 5, 20-31.
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Pokazano je da u strukturama kompleksa metala postoje specifi¢ni tipovi
nekovaentnih interakcija u koje su uklju¢eni m-sistemi. Tako u strukturama kompleksa
metala postoje steking interakcije u koje su ukljuceni oraganski aromaticni fragmenti, ali u
steking interakcije mogu da budu ukljuceni i planarni helatni prstenovi sa delokalizovanim
m-sistemom [1,2]. S obzirom da u bipiridinskim kompleksima postoje i organski aromaticni
fragmenti i helatni prstenovi koju mogu biti ukljuceni u interakcije, mi smo proucavali
staking interakcije u kristalnim strukturama bipiridinskih kompleksa.

Kristalne strukture koje sadrze bipiridinski fragment koordinovan za bilo koji
metal pronadene su pretrazivanjem Kembridzke kristalografske banke podataka (CSD);
pronadjeno je 322 takvih kristalnih struktura. Analiza geometrijskih parametara u
kristalnim strukturama ukazuje na postojanje steking interakcija izmedu bipiridinskih
fragmenata kordinovanih za metal. Medutim, bipiridinski fragment moze biti ukljuéen u
staking interakcije i sa drugim fragmentima

Dobijeni podaci ukazuju da su kod najveceg broja struktura dva susedna
kompleksa orjentisana tako da su bipiridinski fragmenti jedan iznad drugog, gde je torzioni
ugao O (slika 1.a), ili tako da su jedan nasuprot drugog, gde je torzioni ugao 180 (slika
1h).

[&] (b]

Slika 1. Prikaz dve strukture satorzionim uglom 0 [a] i torzionim uglom 180° [b]

[1] Zoran D. Tomi¢, DuSan N. Sredojevié, Snezana D. Zari¢, Crystal Growth & Design,
2006, 6, 29-31.

[2] DuSan N. Sredojevi¢, Zoran D. Tomié, Snezana D. Zarié, Central European Journal of
Chemistry, 2007, 5, 20-31.
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One of the fundamental problems in chemistry of solid state is determination of
factors relevant for the association of molecules into the crystal structure. This process is
largely determined by the energetic and structural properties of the intermolecular
interactions between the molecules in question. The role of interactions between cyclic
aromatic systems (stacking interactions), in the association of molecules has been
documented in a number of examples. However, in spite of the large amount of data, there
is no clear description of structural parameters relevant for the stacking arrangement of
molecules. In the case of pyrazolyl molecules, it is especialy evident in inability to
differentiate Te-1tinteraction between pyrazole rings and interaction between supstituents on
pyrazoles. It is important to note that both type of contacts lead to the similar arrangement
of molecules, i.e. the stacking contacts.

In this work we are presenting database study (by using the Cambridge Structural
Data Bank) of the intermolecular contacts between the pyrazole rings (figure below
illustrate the intermolecular contacts between the pyrazole rings). In most of the
investigated structures, ring-ring distance and dihedral angle between the ring planes, isin
accordance with the presence of interaction between the pyrazole rings. It was found that
absence of stacking contacts is associated with the presence of voluminous groups attached
on the pyrazole rings. Larger overlap between the closest pyrazole rings lead to shorter
ring-ring distance. Stacking contacts are observed in the ‘normal height’ range of 3-4 A.
The value of torsion angle associated with the mutual orientation of the closest pyrazolyl N-
N bonds tends to have values of 0 and 180°. It was found that this property is not related to
the position and properties of the pyrazole substituents.

We found geometrical criteria for differentiation of stacking arrangements caused
by the ring-ring interactions, and those associated with the interactions between substituents
on pyrazolerings.
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Jedan od osnovnh problema u hemiji Cvrstog stanja je utvrdivanje Cinioca koji
odreduju na¢in udruzivanja molekula i formiranje uredene kristalne strukture. Ovaj proces
je u velikoj meri odreden energetskim i strukturnim svojstvima medumolekulskih
interakcija koje ispitivani molekuli mogu da ostvare.

Jedna vrsta slabih interakcija Cija se uloga u udruzivanju molekula dosta ispituje u
poslednje vreme su interakcije izmedu cikli¢nih aromati¢nih sistema, stacking interakcije. |
pored velikog broja primera koji ukazuju na njihov znacaj za obrazovanje uredene kristalne
strukture, u literaturi nedostaje potpuniji opis strukturnih svojstava koji se odnose na takve
medumolekulske kontakte. Kod pirazolnih molekula, ovo se posebno odnosi na definisanje
strukturnih kriterijuma koji bi omogudili razlikovanje n-n interakcija izmedu pirazolovoh
prstenova od interakcija koje se ostvaruju izmedu njihovih substitenata. Pri ¢emu treba
naglasiti da obe vrste kontakata dovode do formiranja stacking rasporeda molekula.

U ovom radu su izlozeni rezultati analize strukturnih svjstava medumolekuslih
pirazol-pirazol kontakata. KembridZzka Banka Kristalogratksih podataka je sistematski
pretrazena i izdvojene su informacije koje se odnose na strukturna svojstva pirazol-piarzol
kontakta, kod kristalnih struktura koje ne sadrze druge aromatske sisteme.

Analiza raspodele rastojanja izmedu centara pirazolovih prstenova i uglova
izmedu ravni prstenova je pokazala da u najveéem broju slucajeva postoji stacking
interakcija izmedu pirazolovih molekula. Za strukture kod kojih ne postoji stacking kontakt
utvrdeno je da sadrze voluminozne grupe. Varijacija rastojanja izmedu prstenova i stepena
njihovog preklapanja kod struktura kod kojih postoji stacking, pokazala je da postji
korelacija izmedu ova dva parametra tj. da vece preklapanje dovodi i do jace interakcije.
Utvrdeno je da do stacking rasporeda u najveéem broju slu¢ajeva dolazi kada je normalna
visina u opsegu 3-4 A. Torzioni ugao koji opisuje medusobnu orjentaciju N-N veza ima
vrednosti bliske 0 i 180° . Na osnovu analize polozaja i vrste supstituenata utvrdili smo da
se polozaj i svojstva supstituenata ne razlikuju bitno kod struktura sa razlicitom
medusobnom orjentacijom N-N veza.

Ova andiza je ukazala i na geometrijske kriterijume koji omogucavaju
razlikovanje stacking uredenja kod koga postoje interakcije pirazolnih prstenova od
stacking uredenja koje je posledica interakcija izmedu substituenata na pirzolovim
prstenovima.
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The title complex was synthesized by reaction of nickel acetate tetrahydrate with 2-
quinolinecarboxal dehyde selenosemicarbazone (Hgasesc) in equimolar ratio in ethanol, and
purified by vapour diffusion using the DM SO solution as an inner solution and ethanol as
an outer solvent. Single crystal X-ray analysis showed that two deprotonated gasesc
ligands coordinate the metal in a tridentate fashion, via NNSe donor atom set, giving the
angularly distorted octahedral complex [Ni(gasesc),]-2DM SO with four chelate rings. The
ligand skeletons are essentially planar within 0.08 and 0.12 A for C1-C11-N1-N4 and
C12-C22-N5-N8, respectively. The selenium atoms, Sel and Se2, deviate slightly from
the mean planes by 0.14 and 0.32 A, respectively.

\"cws
o o
e BV
() § \E‘ b
021 ‘( ‘N » \” /
“i ;/t19 ’\ _>‘/ W Ii‘cs
Set ) <
/::7‘,7\%2/”3 =0 )
N

Crystallographic data: C,sH3oNgNiO,S,Se,, M, = 767.33, triclinic system, space group P1,
a = 10.4907(8), b = 10.8951(8), ¢ = 15.036(1) A, a = 92.330(1), S = 94.134(1), y =
= 116.412(1)°, V = 1530.1(2) A°, Z = 2, F(000) = 772, D = 1.665 Mg m™, (Mo Ka) =
=3.188mm, R, = 0.0286 (WR, = 0,0689) for 7359 reflections with | > 2o(1).
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Kompleks bis(2-hinolinkarboksaldehid selenosemikarbazonato)nikl(ll) sintetisan je
reakcijom ekvimolarnih koli¢ina nikl(IT)-acetat-tetrahidrata i 2-hinolinkarboksaldehid-
selenosemikarbazona (Hgasesc) u etanolu, a preciséen je difuzijom para etanola kao
spoljasnjeg rastvarata u DMSO rastvor kompleksa. Rendgenska strukturna analiza je
pokazala da su dva deprotonovana gasesc liganda koordinovana tridentatno, preko NNSe
seta donorskih atoma, gradeéi kompleks [Ni(gasesc),]-2DMSO ugaono deformisane
oktaedarske geometrije sa Cetiri helatna prstena. Liganadi su u osnovi planarni, pri ¢emu
odstupanje od srednjih ravni iznosi 0,08 0,12 A za C1-C11-N1-N4 i C12—C22-N5-N8,
respektivno. Atomi Sel i Se2 takode pokazuju neznatno odstupanje od srednjih ravni (0,14
i 0,32 A, respektivno).
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Kristalografski podaci: CysH3zgNgNiO,S,Se;, M, = 767,33, trikliniéni sistem, prostorna grupa
P1, a = 10,4907(8), b = 10,8951(8), ¢ = 15,036(1) A, « = 92,330(1), = 94,134(1), y =
= 116,412(1)°, V = 1530,1(2) A3 Z = 2, F(000) = 772, D = 1,665 Mg m™, (Mo Ka) =
=3,188 mm!, R, = 0,0286 (WR, = 0,0689) za 7359 refleksija koje zadovoljavaju uslov
I > 20(1).
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The title complex, [CuCl,(aphaoet)] (aphaoet = ethyl (E)-2-[N-(1-pyridin-2-yl-
ethylidene)hydrazino] acetate), was synthesized by template reaction of equimolar quantities
of ethyl hydrazinoacetate hydrochloride, 2-acetylpyridine and copper(ll) perchlorate
hexahydrate in 95 % ethanol. The structure of the complex was determined by X-ray
structural analysis. The ligand aphaoet coordinates the Cu(l1) in a bidentate fashion, via the
pyridine and the N’ hydrazone nitrogen atoms, while two remaining coordination sites are
occupied by the chloride ions. The obtained complex has a tetrahedrally distorted square-
planar geometry.

Crystallographic data: C;,H;5Cl,CuNzO,, M, = 355.7, triclinic system, space group P1,a=
= 7.2437(9), b = 9.0418(9), ¢ = 11.7914(11) A, a = 96.947(2), f = 102.856(3), y =
106.879(4)°, V = 706.10(13) A3, Z = 2, u(Mo Ka) = 1.925 mm'. The structure was solved
using the SHELXS-97, and refined using the SHELXL-97. The fina R-value, for 4286
reflexionswith | > 2o(1), was 4.48 %.

64



KRISTALNA STRUKTURA DIHLORO-{ETIL (E)-2-[N’-(1-PIRIDIN-
2-IL-ETILIDEN)HIDRAZINO]ACETAT} BAKRA(II)

M. Borna’, N. Filipovié®, T. Todorovi¢®

"Sudent Hemijskog fakulteta, Univerziteta u Beogradu; “Poljoprivredni fakultet,
Univerztet u Beogradu, Nemanjina 6, Zemun; bHemijski fakultet, Univerztet u Beogradu,
Sudentski trg
12-16, Beograd

e-mail: marija_borna@yahoo.com (M. Borna)

Templatnom reakcijom ekvimolarnih koli¢ina etil-hidrazinoacetat-hidrohlorida, 2-
acetilpiridina i bakar(l1)-perhlorat-heksahidrata, u 95% etanolu, dobiven je kompleks
[CuCl,(aphacet)] (aphaoet = etil (E)-2-[N’-(1-piridin-2-il-etiliden)hidrazino] acetat).
Struktura kompleksa odredena je rendgenskom strukturnom analizom. Ligand aphaoet
koordinovan je bidetnatno za Cu(ll), preko piridinskog i hidrazonskog atoma azota, dok
preostala dva koordinaciona mesta zauzimaju hloridni joni. Dobiveni kompleks je
tetraedarski deformisane kvadratno-pal anarne geometrije.

Cci

Kristalografski podaci: C;1H;5CI,CUN3O, M, = 355,7, triklini¢ni sistem, prostorna grupa
P1,a=72437(9) A, b =9,0418(9), ¢ = 11,7914(11), a = 96,947(2), f = 102,856(3), y =
= 106,879(4)°, V = 706,10(13) A3, Z = 2, (Mo Ka) = 1,925 mm*. Struktura je redena
pomocu programa SHELXS-97, a uta¢njena programom SHELXL-97. Konacna vrednost
R-faktora, za 4286 refleksijasal > 2o(l), iznos 4,48 %.
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By reaction of equimolar quantities of Cd(ClO,),-6H,0 with the ligand N',N'%-bis[ (1E)-
1-(2-pyridyl)ethylidene] propanedihydrazide (H,L) in ethanol, the binuclear Cd(l1) complex,
[Cda(H20)2(HoL)2](ClO4)4-4H,0, was obtained. The structure of the complex was
determined by X-ray structural analysis. Both Cd(Il) ions are located in a pentagonal
bipyramidal environment, where each ligand arm is tridentately coordinated via the
pyridine and imine nitrogens and the hydrazide carbonyl. Each cadmium is surrounded by
two ligand arms making three chelate rings, and the heptacoordination is completed by a
water molecule. The pentagonal plane of the bipyramidal coordination is constituted by
three NNO donors from one ligand, the imine nitrogen of the other ligand, and the water
molecule. The intramolecular Cd...Cd separation is 7.1A.

Figure 1. Crystal structure of [Cd,(H20),(HL)2](ClOg4)4-4H,0

Crystallographic data: C;7H24CdCI,NgO13, M, = 703.72, monoclinic system, space group
P2,/n, a= 16.658(5), b = 19.043(5), ¢ = 16.918(5) A, = 94.51(2)°, V = 5350(3) A3, 2 = 8,
F(000) = 2832, D, = 1.747 Mg m >, (Mo Ka) = 1.090 mm ™', R, = 0.0558 (WR, = 0.1210)
for 15595 reflections with | > 2¢6(1).
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Reakcijom  ekvimolarnih  kolig¢ina ~ Cd(ClO4),6H,0 i  N,NZbis[(1E)-1-(2-
piridil)etiliden] propandihidrazida (H,L) u etanolu dobiven je binuklearni kompleks Cd(ll),
[Cdx(H20)2(HoL),](ClO4)4-4H,0.  Struktura kompleksa odredena je rendgenskom
strukturnom analizom. Oba Cd(l1)-jona nalaze se u pentagonal no-bipiramidalnom
okruZzenju, pri ¢emu je svaki bo¢ni lanac liganda koordinovan tridentatno preko piridinskog
i iminskog atoma azota i hidrazidnog karbonilnog kiseonika. Svaki kadmijum je okruZen sa
dva bocna lanca liganda koji grade tri helatna prstena, a heptakoordinacija je kompletirana
molekulima vode. Pentagonalna ravan sastoji se od tri NNO donora jednog liganda,
im££§<og azota drugog liganda i molekula vode. Intramolekulsko rastojanje Cd...Cd iznos
7,

Slika 1. Kristalna struktura [Cdx(H20)2(H,L )] (ClO4)4-4H,0

Kristalografski podaci: C;7H24CdCI;NgOq3, M, = 703,72, monoklini¢ni sistem, prostorna
grupa P2/n, a = 16,658(5), b = 19,043(5), ¢ = 16,918(5) A, g = 94,51(2)°, V
= 5350(3) A3, Z = 8, F(000) = 2832, D, = 1,747 Mg m™, u(Mo Ka) = 1,090 mm™, R,
= 0,0558 (WR; = 0,1210) za 15595 refleksija koje zadovoljavaju uslov | > 24(1).

67



NONCOVALENT INTERACTIONSWITH PORPHYRIN RING IN
PORPHYRIN CONTAINING PROTEINS

S. Stojanovié¢?, S. D. Zarié °

3 HTM — Department of Chemistry, University of Belgrade, Serbia; "Department of
Chemistry, University of Belgrade, Serbia
e-mail: srdjanst@chem.bg.ac.yu; szaric@chem.bg.ac.yu

Hydrogen bonds, sdt bridges and hydrophobic interactions are considered to play
major role in protein stability; however, recent studies showed that weaker XH/m
interactions also play arole in protein stability [1-3].

In order to find out al noncovaent interactions of porphyrins in proteins we
searched structures of porphyrin containing proteins from the Protein Data Bank (PDB)
Select January 2007, the list of non-redundant protein chains (25% threshold). The results
revealed that the significant number of conventional hydrogen bonds with acethyl and
propionate groups of porphyrins was founded. The most frequently observed donors are
charged amino acid residues from porphyrin surrounding. Side-chains hydrogen bonds are
more frequent than those with peptide donors; they involve water molecules sometimes that
are classified as bridged hydrogen bonds. Besides, Tesystem of every porphyrin ring is
involved in XH/m interactions, most of the porphyrins are making several interactions. We
found interactions with C-H and N-H groups as hydrogen atom donors, however, the
number of CH/mtinteractions is much larger than number of NH/Tt interactions. Both five-
membered pyrol rings and six-membered chelate rings are involved in noncovalent
interactions; the number of interactions with five-membered is larger than the number of
the interactions with six-membered rings. Hydrophobic interactions between amino acid
residues and porphyrin rings were also found.

The conservation scores were calculated for al amino acids in the binding pocket
The average conservation score for the amino acids making noncovalent interactions with
the porphyrin is statistically significantly higher than for the amino acids that do not make
interactions.

The results show that every porphyrin is involved in a number of noncovalent
interactions. High conservation score of amino acids that are involved in these interactions
isastrong argument for their importance.

[2] M. Brandl et ., J.Moal.Biol. (2001), 307:357-377

[2] T. Steiner and G. Koellner, J.Moal.Bial. (2001), 305:535-557
[3] S. Stojanovié et al., J.Biol.Inorg.Chem. (2007), in press
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Smatra se da vodoni¢ne veze, soni mostovi i hidrofobne interakcije imaju glavnu
ulogu u stabilnosti proteina, medutim, nedavna proucavanja pokazuju da slabe XH/mt
interakcije takode doprinose stabilnosti proteina[1-3].

Za ova istrazivanja je koris¢ena proteinska baza podataka (PDB Select) iz janura
2007. ne-redundantna lista (verzija 25%). Rezultati pokazuju prisustvo znacajnog broja
konvencionalnih vodoniénih veza acetatnih i propionatnih grupa porfirinskih prstenova.
Najucestaliji donori su naelektrisani ostaci aminokiselina iz okoline porfirinskog prstena.
Vodoni¢ne veze bocnih ostataka aminokiselina su ucestalije od istih sa donorima iz
peptidnih veza; one ponekad ukljucuju molekule vode i klasifikuju se kao umrezene
vodoni¢ne veze. Osim toga, Tesistem svakog porfirinskog prstena je ukljucen u XH/Tt
interakcije, mnogi od njih grade i nekoliko interakcija. Pronadene su interakcije sa C-H i N-
H grupama kao donorima, pri ¢emu je broj CH/mt interakcija znatno veci od broja NH/mt
interakcija. U nekovalentne interakcije su ukljuceni peto¢lani i Sesto¢lani helatni prstenovi;
dok je broj interakcija sa petoclanim prstenovima znatno vedi. Takode su pronadene
hidrodobne interakcije izmedu aminokiselinskih ostataka i porfirinskih prstenova.

Odreden je indeks konzervativnosti aminokiselina koje se nalaze u vezivnhom
mestu porfirina. Indeks konzervativnosti aminokiselina koje grade nekovalentne interakcije
sa porfirinima su statisticki znac¢ajno povecani u odnosu na aminokiseline koje ne grade
interakcije.

Rezultati pokazuju da je svaki porfirin ukljuen u nekovalentnim interakcijama.
Visok indeks konzervativnosti aminokiselina uklju¢enih u ovim interakcijama je jak
argument njihove vaznosti.

[1] M. Brandl et a., JMoal.Biol. (2001), 307:357-377
[2] T. Steiner and G. Koellner, J.Moal.Bial. (2001), 305:535-557
[3] S. Stojanovi¢ et al., J.Biol.Inorg.Chem. (2007), in press
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Eastern Serbiais well known for its longlasting tradition in mining,
and continuing activities on production and processing of non-ferrous and
noble metals, as well as ferrous metals. There are numerous
archaeometallurgical sites testifying these facts, where traces of early
metallurgical production could be found — furnaces remains, large
ammounts of slag, metal objects, ceramics, etc. Slag findings are of greatest
importance for the archaeometallurgical investigation, having in mind that
based on their composition adequate metallurgical technology could be
predicted in early stages of metallurgy devel opment.

Theresults of slag findings from chosen archaeometallurgical sitesin
Eastern Serbia - Coka Kazak, Tilva Njagra, Rgotski Kamen i Felix
Romuliana, from different historical periods are presented in this paper.
Characterization of dlag findings has been performed using following
methods - XRD, DTA, SEM-EDX, LOM, and chemica analysis.

[1] Metalurgija- Journal of Metallurgy, Special Issue: Archaeometallurgy,
Guest-Editor: Dragana Zivkovié, 12 (2-3) (2006) 83-227.

[2] D.Zivkovié et al., Geoarchaeological and Bioarchaeological Studies, 3 (2005)

407-409. )
[3] D.Zivkovi¢, N.Strbac, et al., Journal of Thermal Analysis and Calorimetry,
76 (2004) 227-235.
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Isto¢na Srbija je poznata po viSevekovnoj rudarsko-metalurskoj
tradiciji i kontinuiranim aktivnostima na dobijanju i preradi, pre svega,
obojenih i plemenitih metala, ali i gvozdja i ¢elika. O tome svedo¢i veliki
broj arheometalurskih nalaziSta na ovom podrucju, na kojima su prisutni
tragovi nekadaSnje proizvodnje metala - ostaci peci, vece koli¢ine §ljake,
metalnih predmeta, keramike, itd. Nalazi Sljake se za arheometalurSka
ispitivanja od najveceg znacaja, imajuci u vidu da se na osnovu njihovog
sastava moZe predoditi tehnologija dobijanja metala u ranim periodima
razvoja metalurgije.

U ovom radu su predstavljeni rezultati ispitivanja nalaza Sljake iz
razli¢itih istorijskih perioda sa odabranih arheometalurskih lokaliteta u
Isto¢noj Srbiji, i to Coka Kazak, Tilva Njagra, Rgotski Kamen i Felix
Romuliana. Karakterizacija nalaza 8ljake je izvrSena metodama XRD, DTA,
SEM-EDX, LOM, kao i kori§¢enjem hemijske analize.

[1] Metalurgija- Journal of Metallurgy, Special Issue: Archaecometallurgy,
Guest-Editor: Dragana Zivkovié, 12 (2-3) (2006) 83-227.

[2] D.Zivkovié et al., Geoarchaeological and Bioarchaeological Studies, 3 (2005)
407-409.
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Calcination process involves annealing of aluminum-hydroxide at
1100-1300 °C, and is accompanied by dehydration process and structural
transformations of dehydrated aluminum oxide. The rate of y-aluminum
oxide into a-phase increases in the presence of different mineraliyers -
AlF;, CaF,, MgF,, NagAlFs, NaF and LiF.

Simulation of aluminum hydroxide calcination process with added
fluorides has been done using Derivatograph 1500 (MOM, Budapest), and
the temperature of a-Al,Oz formation is accompanied by exothermic peak
displacement characteristic for this process. Characterization of such
obtained calcined alumina has been done by XRD anadysis and IR
spectrophotometry, which results are presented in this paper..
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Proces kalcinacije se sastoji u Zzarenju aluminijum-hidorksida na
1100-1300°C, i praéen je procesom dehidratacije i strukturnim
transformacijama dehidratisanog aluminijum- oksida. Brzina kristalizacije
gama-aluminijum-oksida u dfafazu raste u prisustvu razli¢itih
mineralizatora - AlF;, CaF,, MgF,, NasAlFg, NaF i LiF.

Simulacija procesa kalcinacije aluminijum hidroksida sa dodatim
fluoridima izvrena je na Derivatographu 1500 (MOM, Budapest), a
temperatura nastajanja alfa-Al,O; je praéena pomeranjem egzotermnog pika
karakteristi¢nog za ovaj proces. Karakterizacija ovako dobijene kalcinirane
glinice vrsena je XRD analizom i IR spektrofotometrijom, ¢iji se rezultati
prezentuju u ovom radu.
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