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Chirality in Crystals and Molecules 
 
H. D. Flack

Laboratoire de Cristallographie, 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 achirality in 
crystals and the molecules composing them. As an example of a chiral crystal, the 
morphology of quartz provides a useful starting point especially 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 chiral 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 (a) is then 
analysed from a mathematical 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 all 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 absolute-structure determination. 
Following an examination of the conditions on the Flack parameter which allow 
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. 
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CRYSTALLOGRAPHY ON A NANOSCALE, THE 
NANOSTRUCTURE PROBLEM, AND SOME FIRST STEPS TO 

SOLVE IT 
 

(PLO�6��%RåLQ
Department of Physics and Astronomy, Michigan State University,  
East Lansing, Michigan 48824-2320, USA 
e-mail: bozin@pa.msu.edu 
 

A diverse array of complex materials 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. 
Crystallographic 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. 
 

[1] (��6��%RåLQ�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 

Figure: C60 molecule (a) within FCC structure (b), 
neutron diffraction pattern (c), and corresponding 
PDF (d). Vertical dashed line at 7.1Å denotes 
diameter of the C60 molecule. Due to the spinning of 
the molecules in the structure, at higher distances in 
the PDF only correlations between the molecular 
centers appear. 
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Crystal versus Solution Protein Structures: 
Solvent-induced Differentiation of Protein-backbone H-bonds 

 

1HQDG�-XUDQLü1, Elena Atanasova2, Slobodan Macura1 and Franklyn G. 
Prendergast1,2 

Departments of 1Biochemistry and Molecular Biology and 2Molecular 
Pharmacology and Experimental Therapeutics,  Mayo Clinic and Foundation, 
Rochester, Minnesota, 55905 U.S.A. 

 

Protein backbone H-bonds, that are identified from geometrical criteria in crystal structures 
of proteins, form two broad groups defined by to the spin-spin couplings (h3JNC’) measured 
across H-bonds in solutions by NMR spectroscopy. The H-bonds detected in solution by 
the h3JNC’ 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 h3JNC’ 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 h3JNC’ couplings 1-5. However, both 
NMR and IR spectroscopic studies have indicated the formation of solvent (water) H-bonds 
to the protein backbone 6,7 that may weaken intra-protein H-bond networks 8,9. Theoretical 
calculations predict significant impact of protein solvation on the H-bond networks at 
protein backbone 10. Increased dynamics of the protein backbone in solution 11,12 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 
networks13; structural flexibility may occur without much disruption of  H-bonds.  Such 
correlated motions are suggested to be rather slow, in the millisecond time regime,  and 
may also be associated with a  protein’s function 13.

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 h3JNC’ 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 h3JNC’ couplings 
measured for the proteins in solution.  The subset with | h3JNC’ | > 0.2 Hz shows correlations 
among the H-bond geometry parameters, while the other subset with |h3JNC’ | < 0.1 Hz (or 
h3JNC’ not detected) shows no such correlation (Figure 1).    The main feature of the subset 
with | h3JNC’ | > 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 is also consistent with dynamical expansion-contraction of the H-
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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 a weaker 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 
(|h3JNC’ | > 0.2  Hz, top;   |h3JNC’ | < 
0.1 Hz, bottom).  Distance FRUUHODWLRQ�IRU�WKH�GRQRU�DQJOH�� H

( ��� LV�PDWFKHG�ZLWK�FRUUHODWLRQ� IRU�WKH� DFFHSWRU� DQJOH�� O ( ��� XSRQ�
scaling the latter by 0.75.  The full 
curved line represents the fifth-
power distance dependence 
(0.8ÂdOH

5), while dashed lines 
indicate ~90% containment 
boundaries.  The peptide groups 
involved in the coordination to Ca2+ 
where excluded from the analysis. 

 
The other, low-J subset, 

has many H-bonds with geometries 
that should give intense h3JNC’ 

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 
h3JNC’ couplings measurements (~ 
100 ms). It is unlikely that 
dynamical rupture of the H-bonds 14 
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 6-8,15. Under dynamical conditions the 
bifurcated H-bonds can fluctuate in the H-bond donor partner between water and amide 
proton with little structural stress to the alpha helix 8.
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Figure 2. Experimental RDCs of peptide-groups (∆1JHN, ∆1JNC/0.12 and ∆1JCCa/0.20) in 
alpha-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-resolution structure 1exr –model-A 16, while solution structure is modeled from the x-
ray structure to satisfy RDCs. The high-J and low-J data refer 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 
residue is indicated.   

 

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 structure16 and solution 
RDCs17 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 
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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 

 

[1] Hee-chul, A.; Juranic, N.; Macura, S.; Markley, J. L. Journal  of the American Chemical 
Society 2006.
[2] Cordier, E.; Grzesiek, S. Journal of the American Chemical Society 1999, 121, 1601. 
[3] Cornilescu, G.; Hu, J. S.; Bax, A. Journal of the American Chemical Society 1999, 121,
2949. 
[4] Alexandrescu, A. T.; Snyder, D. R.; Abildgaard. Protein Science 2001, 10, 1856. 
[5] Juranic, N.; Moncrieffe, M. C.; Likic, V. A.; Prendergast, F. G.; Macura, S. Journal of 
the American Chemical Society 2002, 124, 14221. 
[6] Juranic, N.; Likic, V. A.; Prendergast, F. G.; Macura, S. Journal of the American 
Chemical Society 1996, 118, 7859. 
[7] Manas, E. S.; Getahun, Z.; Wright, W. W.; DeGrado, W. F.; Vanderkooi, J. M. Journal 
of the American Chemical Society 2000, 122, 9883. 
[8] Shenkarev, Z. O.; Balashova, T. A.; Yakimenko, Z. A.; Ovchinnikova, T. V.; Arseniev, 
A. S. Biophysical Journal 2004, 86, 3687. 
[9] Juranic, N.; Macura, S.; Prendergast, F. G. Protein Science 2003, 12, 2633. 
[10] Dannenberg, J. J. Peptide Solvation and H-Bonds 2006, 72, 227. 
[11] Karplus, M.; McCammon, J. A. Nature Structural Biology 2002, 9, 788. 
[12] Markwick, P. R. L.; Sprangers, R.; Sattler, M. C., F.;. Journal of the American 
Chemical Society 2003, 125, 6337. 
[13] Bouvignies, G.; Bernado, P.; Meier, S.; Cho, K.; Grzesiek, S.; Bruschweiler, R.; 
Blackledge, M. Proceedings of  the National Academy of Sciences of the United States of 
America 2005, 102, 13885. 
[14] Sheu, S. Y.; Yang, D. Y.; Selzle, H. L.; Schlag, E. W. Proceedings of the National 
Academy of Sciences of the United States of America 2003, 100, 12683. 
[15] Walsh, S. T. R.; Cheng, R. P.; Wright, W. W.; Alonso, D. O. V.; Daggett, V.; 
Vanderkooi, J. M.; DeGrado, W. F. Protein Science 2003, 12, 1303. 
[16] Wilson, M. A.; Brunger, A. T. Journal of Molecular Biology 2000, 301, 1237. 
[17] Chou, J. J.; Li, S. P.; Klee, C. B.; Bax, A. Nature Structural Biology 2001, 8, 990. 
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STRUCTURAL AND MICROSTRUCTURAL 
CHARACTERIZATION OF NANO-SIZED ZnY0.15Fe1.85O4

%��1HGLü1� $��.UHPHQRYLü2, ä��&YHMLü3� 6��5DNLü3, V. Dondur1

1Faculty of Physical Chemistry, University of Belgrade, Studentski trg 12-16, 11000 
Belgrade, Serbia 
 2Fakulty of Minning and *HRORJ\��8QLYHUVLW\�RI�%HOJUDGH�� XãLQD����������%HOJUDGH��
Serbia 

3Insitute of Physics, Faculty of Natural Sciences, Univesity of Novi Sad, Trg Dositeja 2EUDGRYLüD����������1RYL�6DG��6HUELD 
Email: bojana@ffh.bg.ac.yu 
 

In this work, ZnY0.15Fe1.85O4 was sinthesized using sol-gel method, and it was thermally 
treathed at 500 ºC 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 (RB=2.82%, RF=2.32, 
χ2=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)·10-4 (Fig. 2).  
 

Figure 1. Projection in ab plane of three 
dimensional body that represents apparent 
size. 

 

Figure 2. Projection in ab plane of three 
dimensional body that represents apparent 
strain. 

 

>�@�ä��&YHMLü��6��5DNLü��$��.UHPHQRYLü��%��$QWLü��ý��-RYDOHNLü��3K��&ROORPEDQ��Solid State 
Sciences 8 (2006) str. 908–915. 
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STRUKTURNA I MIKROSTRUKTURNA KARAKTERIZACIJA 1$12ý(67,ý12*�=Q<0.15Fe1.85O4

%��1HGLü1� $��.UHPHQRYLü2, ä��&YHMLü3, 6��5DNLü3, V. Dondur1

1)DNXOWHW�]D�IL]LþNX�KHPLMX��8QLYHU]LWHW�X�%HRJUDGX��6WXGHQWVNL�WUJ���-16, 11000 Beograd, 
Srbija 
2Rudarsko-JHRORãNL�IDNXOWHW��8QLYHU]LWHW�X�%HRJUDGX�� XãLQD����������%HRJUDG��6UELMD 
3Institut za Fiziku, Prirodno-PDWHPDWLþNL�IDNXOWHW��8QLYHU]LWHW�X�1Rvom Sadu, Trg Dositeja 2EUDGRYLüD����������1RYL�6DG��6UELMD 
Email: bojana@ffh.bg.ac.yu 

 

U ovom radu, ZnY0.15Fe1.85O4 je sintetisan sol-JHO�PHWRGRP� L� åDUHQ� MH� QD� WHPSHUDWXUL� RG�
500 ºC u trajanju od jednog þDVD��3ROD]QL� L� WHPSHUDWXUVNL� WUHWLUDQ� X]RUDN� VQLPljeni su na UHQGJHQVNRP� GLIUDNWRPHWUX� ]D� SUDK�� D� ]DWLP� MH� VWUXNWXUD� XWDþQMDYDQD� 5LWYHOGRYRP�PHWRGRP�NRULãüHQMHP�SURJUDPVNRJ�SDNHWD�)XOO3URI��6WUXNWXUD�MH�XWDþQMDYDQD�X�SURVWRUQRM�
grupi Fd3m [1]� 3DUDPHWUL� SRX]GDQRVWL� ]D� XWDþQMDYDQMH� VWUXNWXUH� åDUHQRJ� X]RUND� VX�
SRND]DOL� GD� MH� XWDþQDYDQMH� GREUR� XUD HQR� �5B=2.82%, RF=2.32, χ2=1.23) 
0LNURVWUXNWXUQRP�DQDOL]RP�MH�SRWYUGMHQR�GD�VX�þHVWLFH�GLPHQ]LMD��������QP��6OLND����NDR�L�GD�MH�YHOLþLQD�PLNURQDSUH]DQMD������Â��-4 (Slika 2). 

Slika 1. Projekcija u ab ravni 
trodimenzionog tela koje predstavlja YHOLþLQX�NULVWDOLWD 

Slika 2. Projekcija u ab ravni 
trodimenzionog tela koje predstavlja 

mikronaprezanje kristalita 
 

>�@�ä��&YHMLü��6��5DNLü��$��.UHPHQRYLü��%��$QWLü��ý��-RYDOHNLü��3K��&ROORPEDQ��Solid State 
Sciences 8 (2006) str. 908–915. 
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STACKING VS. CH/S INTERACTIONS BETWEEN CHELATE AND 
ARIL RINGS IN CRYSTAL STRUCTURES OF SQUARE-PLANAR 

TRANSITION METAL COMPLEXES 
 

D. N. Sredojeviüa� *��$��%RJGDQRYLüb� =��'��7RPLüb� 6��'��=DULüa

aDepartment of Chemistry, University of Belgrade, Studentski trg 16, 11001 Belgrade, 
Serbia 
b³9LQþD´�,QVWLWXWH�RI�1XFOHDU�6FLHQFHV��/DERUDWRU\�RI�7KHRUHWLFDO�3K\VLFV�DQG�&RQGHQVHG�
Matter Physics, 11001, Belgrade, Serbia 
e-mail:dusanmcrae@yahoo.com

The crystal structures of square-planar transition-metal complexes from 
Cambridge Structural Databank (CSD) with close contacts between planar chelate rings and 
aril rings containing six carbon atoms (C6-aril) were analyzed. Most of the chelate rings in 
these structures are fused with aromatic or other π-delocalized chelate rings. The results 
show that planar chelate rings can be involved in stacking and CH/π interactions with 
organic aril rings, however, the number of stacking interactions is a few times larger than 
number of CH/π interactions. The analysis also shows that almost in all cases CH/π
interactions are formed only when stacking interactions are prevented by voluminous 
substituents.  Hence, between planar chelate rings and C6-aril rings stacking interactions are 
preferred to CH/π interactions.      
 

Figure 1. Geometrical parameters describing the interaction of chelate ring of square-
planar complexes with the C6-aril  ring. 

 
[1] D. N. 6UHGRMHYLü��*��$��%RJGDQRYLü�� Z. D. 7RPLü��6. D. =DULü, CrystEngComm, 
(2007), in press 
[2] Z. '��7RPLü��'��6UHGRMHYLü��6��'��=DULü, Cryst. Growth and Design, 6 (2006), 29-31. 
[3] D. N. 6UHGRMHYLü��=� D. 7RPLü��6� D. =DULü, Cent. Eur. J. Chem., 5 (2007), 1-11. 
[4] Z� '�7RPLü��6��%��1RYDNRYLF��6��'��=DULü��Eur. J. Inorg. Chem., (2004), 2215-2218.  
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STEKING NASUPROT CH/S INTERAKCIJAMA U KRISTALNIM 
STRUKTURAMA KVADRATNO-PLANARNIH KOMPLEKSA 

PRELAZNIH METALA 
 

'��1��6UHGRMHYLüa� *��$��%RJGDQRYLüb� =��'��7RPLüb� 6��'��=DULüa

aHemijski fakultet, Univerziteta u Beogradu, Studentski trg 16, 11001 Beograd, Srbija 
b,QVWLWXW�]D�QXNOHDUQH�QDXNH��9LQþD���/DERUDWRULMD�]D�WHRULMVNX�IL]LNX�L�IL]LNX�NRQGHQ]RYDQH�
materije 11001, Beograd, Srbija 
e-mail:dusanmcrae@yahoo.com

Analizirane su kristalne strukture kvadratno-planarnih kompleksa prelaznih metala 
iz KembriþNH�NULVWDORJUDIVNH�EDQNH�SRGDWDND��&6'��X�NRMLPD�SRVWRML�EOLVNL�NRQWDNW�L]PH X
planarnih helatnih prstenova i aril pUVWHQRYD� NRML� VDGUåH� ãHVW� DWRPD� XJOMHQLND� �&6 – aril). 1DMYHüL� EURM� KHODWQLK� SUVWHQRYD� X� RYLP� VWUXNWXUDPD� MH� NRQGHQ]RYDQ� VD� DURPDWLþQLP� LOL�
drugim π-delokalizovanim helatnim prstenovima. Rezultati ukazuju na to da planarni 
helatni prstenovi mogu biti ukljuþHQL� X� VWHNLQJ� L� u CH/π interakcije sa organskim aril 
SUVWHQRYLPD�� PH XWLP�� EURM� VWHNLQJ� LQWHUDNFLMD� MH� QHNROLNR� SXWD� YHüL� RG� EURMD� &+�π
LQWHUDNFLMD��$QDOL]H� WDNR H SRND]XMX� GD� VH�� JRWRYR� X� VYLP� VOXþDMHYLPD��&+�π interakcije 
formiraju jedino kada je blokirano formiranje steking interakcija voluminoznim VXSVWLWXHQWLPD� QD� KHODWQRP� SUVWHQX�� 3UHPD� WRPH�� VWHNLQJ� LQWHUDNFLMH� L]PH X SODQDUQLK�
helatnih prstenova i C6 – aril prstenova su dominantne u odnosu na CH/π interakcije.   

Slika 1. Geometrijski parametri koji opisuju interakcije helanog prstena kvadratno-
planarnih kompleksa sa C6 – aril prstenovima. 

 
[1] D. N. 6UHGRMHYLü� *��$��%RJGDQRYLü�� Z. D. 7RPLü��6. D. =DULü, CrystEngComm, 
(2007), u štampi 
[2] Z. '��7RPLü��'��6UHGRMHYLü��6��'��=DULü�Cryst. Growth and Design, 6 (2006), 29-31. 
[3] D. N. 6UHGRMHYLü� Z. D. 7RPLü��6� D. =DULü Cent. Eur. J. Chem., 5 (2007), 1-11. 
[4] Z� '�7RPLü��6��%��1RYDNRYLF��6��'��=DULü�� Eur. J. Inorg. Chem., (2004), 2215-2218.  
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DETERMINATION OF MINERALOGICAL COMPONENTS IN 
COAL AND FLY ASH BY XRPD ANALYSIS 

$��5DGXORYLü1, R. 'LPLWULMHYLü2, A. 'DQJLü2, B.R. 6LPRQRYLü1

1Institute of General and Physical Chemistry, Studentski Trg 12-16, 11001 Belgrade, Serbia 
2Faculty of Mining and Geology, Xãina 7, 11001 Belgrade, Serbia 
e-mail: aradulovic@iofh.bg.ac.yu

Samples of coal from Kolubara basin and fly ash, from Thermal Power Plant „Nikola 
Tesla“ - Obrenovac, were investigated by XRPD analysis. Obtained results indicated the 
presence of quartz and clay minerals: 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 material 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 coal and fly ash produced through its combustion, which would help gain 
its better utilization. 
 
[1]   A. DanJLü��%� 6LPRQRYLü��3HWURJUDIVNH��JHRKHPLMVNH�L�IL]LþNR-hemijske karakteristike 
 uglja Kolubarskog ugljenog basena. 
[2]   http://www.eps.co.yu/ekologija/zastita.htm
[3]   T. Okuda, Y. Isihara, Y. Aoyagi, Manufacturing a New Type of Compound Cement 
 Using Limestone and Coal Ash as Main Raw Material, Review of 42nd 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 aluminium source, J. Mater. Chem, 11 (2001),  
 3285- 3290. 
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METODOM RENDGENSKE DIFRAKTOMETRIJE PRAHA 

$��5DGXORYLü1� 5��'LPLWULMHYLü2� $��'DQJLü2� %�5��6LPRQRYLü1

1,QVWLWXW�]D�RSãWX�L�IL]LþNX�KHPLMX��6WXGHQWVNL�WUJ���-16, 11001 Beograd, Srbija. 
2Rudarsko-geološki fakultet, XãLQD��� 11001, Beograd, Srbija.  
e-mail: aradulovic@iofh.bg.ac.yu

7UL�X]RUND� XJOMD�� VD�EXãRWLQD� UD]OLþLWLK� GXELQD�SRYUšinskog kopa Kolubara, i šest uzoraka 
pepela, sa dva bloka Termolelektrane “Nikola Tesla”, ispitivana su metodom rendgenske 
difraktometrije praha. Iz evidentiranih kristalnih faza, u uzorcima uglja identifikovano je 
prisustvo faza kvarca i minerala gline: kaolinita i montmorionita, dok je u uzorcima pepela 
utvr eno prisustvo kristalnih faza kvarca, anhidrita, feldspata, mulita i hematita. 5DG�MH�XUD HQ�X�RNYLUX�VWXGLMH�Ä�3HWURJUDIVNH��JHRKHPLMVNH�L�IL]LþNRKHPLMVNH�NDUDNWHULVWLNH�
uglja Kolubarskog ugljenog basena” [1] i programa ispitivanja uticaja otpadnih voda 
Termolelektrane “Nikola Tesla” QD�SRYUãLQVNH� L�SRG]HPQH�YRGH�X�RNUXåHQMX��8�6UELML� VH�
godišnje deponuje 7-� PLOLRQD� WRQD�SHSHOD� L]� WHUPRHOHNWUDQD�� NRML�QH� VDPR�GD� RSWHUHüXMH�SURVWRU�RNR�QMLK��YHF�SRG�XWLFDMHP�DWPRVIHUH� �YHWUD� L�NLãH��]DJD XMH�åLYRWQX� VUHGLQX��NDR�OHWHüL� SHSHR� LOL� ]DJD XMH� SRYUãLQVNH� L� SRG]HPQH� YRGRWRNRYH� >�@�� 8� VYHWX� VH� VYH� YLãH�LVWUDåXMX�QDþLQL�GD�VH�SHSHR�NRULVWL�NDR�VHNXQGDUQD�VLURYLQD�L�XSRWUHEL�X�JUD HYLQDUVWYX�X�
industriji cementa ili u sintezi silikatnih materijala [3-4]. &LOM� RYRJ� LVWUDåLYDQMD� MH� GD� VH�
izvrši potpuna karakterizacija uglja iz Kolubarskog basena i pepela dobijenog njegovim 
sagorevanjem, što bi pomoglo njihovom boljem korišcenju. 
 >�@���$��'DQJLü��%��6LPRQRYLü��3HWURJUDIVNH��JHRKHPLMVNH�L�IL]LþNR-hemijske karakteristike 
 uglja Kolubarskog ugljenog basena. 
[2]   http://www.eps.co.yu/ekologija/zastita.htm
[3]   T. Okuda, Y. Isihara, Y. Aoyagi, Manufacturing a New Type of Compound Cement 
 Using Limestone and Coal Ash as Main Raw Material, Review of 42nd 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 aluminium source, J. Mater. Chem, 11 (2001), 
 3285- 3290. 
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VESZELYITE FROM THE LOCALITY ZDRAVO VRELO NEAR 
KREŠEVO (BOSNIA AND HERZEGOVINA): ITS 

MINERALOGICAL CHARACTERIZATION AND ABSOLUTE 
CRYSTAL STRUCTURE 

 

3��9XOLüa, V. Kahlenberga, B. Laziüa, R. Kaindla, R. Dimitrijeviüb, D. or eviüc

aInstitut für Mineralogie und Petrographie, Leopold–Franzens Universität Innsbruck, 
Innrain 52, 6020 Innsbruck, Austria; bFaculty of Mining and Geology, 11000 Belgrade, XãLQD����6HUELD��c'ULQþLüHYD�����������%HOJrade, Serbia. 
e-mail: Predrag.Vulic@uibk.ac.at

Veszelyite from the locality Zdravo Vrelo, near Kreševo (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 (Cu1.76Zn0.24)2Zn(PO4)(OH)3·2(H2O). Thermogravimetric and differential 
thermal analyses (TG/DTA) were performed also to clarify the water content of veszelyite. 

a s
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b
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Cu(1)
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ba

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

The investigated veszelyite crystal is monoclinic, space group P21/a (14), Z = 4, 
a = 9.814(1) Å, b = 10.222(1) Å, c = 7.5006(9) Å and = 103.210(9) º. 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 R1 = 0.051 (calculated for 
the 1932 unique observed reflections (I > � I)), and wR2 = 0.083 for all data collected at 
ambient temperature with a two-circle Stoe IPDS-II diffractometer. Both Cu(1) and Cu(2) 
atoms have a tetragonally distorted octahedral coordination. The octahedra form 8-
membered rings by sharing common edges (Fig. 1a). The ZnO3(OH) and PO4 groups are 
nearly regular tetrahedra with average Zn–O and P–O distances of 1.943 and 1.539 Å, 
respectively. They are also forming 8-membered rings (Fig. 1b). The octahedral and 
tetrahedral rings are linked into sheets which regularly alternate along the c axes. Hydrogen 
positions in the structure were determined from a second data set collected at –100 ºC. 

 
[1] Janjiü��6��� RU HYLü��'���-RYDQRYLü��5���%XJDUVNL��3���Geol. Glas., 17 (1973), 181-192. 
[2] Ghose, S., Leo, S. R., and Wan, C., Am. Mineral., 59, (1974), 573-581. 
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� P21/a (14), 
Z = 4, a = 9,814(1) Å, b = 10,222(1) Å, c = 7,5006(9) Å = 103,210(9) º. 

[2]. 
R1 = 0,051 ( 1932 

(I > 2 I)), wR2 = 0,083 
Stoe IPDS-II .

Cu(1) Cu(2) .� � � ���
ZnO3(OH) PO4 Zn–O P–O 
1,943 1,539 Å. ( . 1 ). 

c- .

–100 ºC. 

[1] Janjiü��S��� or eviü��D., Jovanoviü��R., Bugarski, P., Geol. Glas., 17 (1973), 181-192. 
[2] Ghose, S., Leo, S. R., and Wan, C., Am. Mineral., 59, (1974), 573-581. 
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Microstructural parameters of nanosized Zn0.1Ni0.9O
annealed at different temperatures 

 

M. Vucinic-Vasic1� $��.UHPHQRYLü2,3, B. Antic2, C. Jovalekic4, V. Kahlenberg5

1 Faculty of Technical Sciences, University of Novi Sad, Trg D. Obradovica 6, 21000 Novi 
Sad, Serbia; 2 Institute of Nuclear Sciences ”Vinca”, Solid State Physics Laboratory, P. O. 
Box 522, 11001 Belgrade, Serbia; 3 Faculty of Mining and Geology, Laboratory for 
Crystallography, University of Belgrade, Djusina 7, 11000 Belgrade, Serbia;4 Center for 
Multidisciplinary Studies, University of Belgrade, Kneza Viseslava 1, 11001 Belgrade, 
Serbia; 5 Institute of Mineralogy and Petrography, University of Innsbruck, Innrain 52, A-
6020 Innsbruck, Austria 
email: milica@imft.ftn.ns.ac.yu 
 

A mixture of crystalline ZnO and NiO powders was used as starting material to 
produce Zn0.1Ni0.9O. 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 CuKα1 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 is influenced 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 4.5·10–3 –
2.5·10–3, respectively. 

 

[1] H. M. Rietveld, J. Appl.Cryst., 2 (1969), 65. 
[2] V. Honkimäki, P. Surotti, Effects of instrument function, crystallite size and strain on  

reflection profiles in: Snyder R. L.; Fiala J.; Bunge H. J. (Eds) Defect and 
Microstructure Analysis by Diffraction; IUCr book series; Oxford University Press 
Inc.: New York (1999). 

[3] P. W. Stephens, J. Appl. Cryst., 32 (1999), 281. 
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Mikrostrukturni parametri QDQRþHVWLþQRJ�=Q0,1Ni0,9ORGJUHMDQRJ�QD�UD]OLþLWLP�WHPSHUDWXUDPD 

0��9XþLQLü-9DVLü1� $��.UHPHQRYLü2,3� %��$QWLü2� û��-RYDOHNLü4, V. Kahlenberg5

1 )DNXOWHW� WHKQLþNLK�QDXND��8QLYHU]LWHW�X�1RYRP�6DGX��7UJ�'��2EUDGRYLüD����������1RYL�
Sad, Srbija; 2 Institut ]D� QXNOHDUQH� QDXNH� Ä9LQþD´�� /DERUDWRULMD� ]D� IL]LNX� þYUVWRJ� VWDQMD��
Poštanski fax 522, 11001 Beograd, Srbija; 3 Rudarsko-geološki fakultet, Laboratorija za NULVWDORJUDILMX�� 8QLYHU]LWHW� X� %HRJUDGX�� XãLQD� ��� ������ %HRJUDG�� 6UELMD�� 4 Centar za 
multidisciplinarne studije, Univerzitet u Beogradu, Kneza Višeslava 1, 11001 Beograd, 
Srbija; 5 Institut za mineralogiju i petrografiju, Univerzitet u Insbruku, Innrain 52, A-6020 
Insbruk, Austrija 
email: milica@imft.ftn.ns.ac.yu 
 

Uzorak Zn0.1Ni0.9O dobijen je mehanohemijskim postupkom. Mešavina ZnO i NiO 
u molskom odnosu 1:9 mlevena je u planetarnom mlinu u trajanju od 20 h. Dobijeni uzorak 
je grejan u tajanju od tri þDVD�QD�WHPSHUDWXUDPD�����°C, 700°C i 950°C. Na temperaturi od 
500°& RGJUHYDQMH� MH� L]YUãHQR�L�X� WUDMDQMX�RG�GYDGHVHW�þHWLUL�þDVD��'LIUDNWRJUDPL�SUDKD�VX�
snimljeni neposredno po sintezi i nakon odgrevanja. Snimanje je izvršeno u transmisionoj 
geometriji na XUH DMX�6WRH�67$',�03�NRULVWHüL�&XKα� ]UDþHQMH��*H�PRQRKURPDWRU�L�36'�
EURMDþ� 3RGDFL� VX� NRULãWHQL� ]D� XWDþQMDYDQMH� VWUXNWXUQLK� SDUDPHWDUD� 5LHWYHOG–ovom 
metodom [1@ SRPRüX� SURJUDPD� )XOOSURI�� 8� FLOMX� SUDüHQMD� YHOLþLQH� NULVWDOLWD� L�
mikronaprezanja u zavisnosti od temperature odgrevanja analizirano je širenja difrakcionih OLQLMD��5H]XOWDWL�VX�GRELMHQL�XWDþQMDYDQMHP�SDUDPHWDUD�7&+-S9�IXQNFLMH��L]RWURSQL�VOXþDM��LOL� XWDþQMDYDQMHP� NXEQLK� KDUPRQLND� �DQL]RWURSQD� YHOLþLQD�� L� NRHILFLMHQDWD� 6WHSKHQV-ovog 
izraza za opisivanje anizotropnog mikronaprezanja [2, 3]. Poznato je da se 
mehanohemijskim postupkom dobijaju nanomaterijali kod kojih je mikronaprezanje QDMþHãüH� DQL]RWURSQR�� 6WRJD� MH� SUHWSRVWDYOMHQR� GD� MH� ãLUHQMH� GLIUDNFLRQLK� OLQMD� SRVOHGLFD�NDNR�DQL]RWURSQH�YHOLþLQH� WDNR�L�DQL]RWURSQRJ�PLNURQDSUH]DQMD��0H XWLP��XVWDQRYOMHQR�MH�GD� MH� DQL]RWURSLMD� PLNURQDSUH]DQMD� ]DQHPDUOMLYR� PDOD�� 8WDþQMHQH� VUHGQMH� YUHGQRVWL�
dimenzije kristalita i mikronaprezanja nalaze se u intervalima 15 – 60 nm, odnosno 4,5·10–3 
– 2,5·10–3.

[1] H. M. Rietveld, J. Appl.Cryst., 2 (1969), 65. 
[2] V. Honkimäki, P. Surotti, Effects of instrument function, crystallite size and strain on  

reflection profiles in: Snyder R. L.; Fiala J.; Bunge H. J. (Eds) Defect and 
Microstructure Analysis by Diffraction; IUCr book series; Oxford University Press 
Inc.: New York (1999). 

[3] P. W. Stephens, J. Appl. Cryst., 32 (1999), 281. 



20

Effect of yttrium doping on the structure of Ca1-xYxMnO3 (0 � [����� 
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Belgrade, Serbia; bFaculty of Mining and Geology, Laboratory for Crystallography, 
University of Belgrade, P. O. Box 162, 11001 Belgrade, Serbia; cInstitute of Mineralogy 
and Petrography, University of Innsbruck, Innrain 52, A-6020, Innsbruck, Austria 
e-mail: jelena@vin.bg.ac.yu

The doped manganites with general formula Ca1-xAxMnO3, 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, (Gt) and global instability indices, (GII) were calculated for Ca1-xYxMnO3

(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 Ca1-xYxMnO3 (0 � [�����. In order to confirm these 
results, nanopowders with the following nominal compositions were synthesized using a 
modified glycine-nitrate procedure [3]: CaMnO3, Ca0.95Y0.05MnO3, Ca0.85Y0.15MnO3,
Ca0.75Y0.25MnO3, Ca0.5Y0.5MnO3, Ca0.25Y0.75MnO3 and YMnO3. After calcination at 800 ºC 
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 YMnO3, all phases are orthorhombic (space group Pnma) adopting the 
perovskite structure type. Hexagonal YMnO3 (space group P63cm), on the other hand, is 
isomorphous with LuMnO3 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 CaMnO3 provokes the reduction of 
equivalent amounts of Mn4+ to Mn3+ [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. >�@�6��%RãNRYLü��%��0DWRYLü��0��9ODMLü��9��.UVWLü� Ceram. Int. Vol. 33, (2007), 89-93. 
[4] J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse      

(1990) 127. 
[5] M. N. Iliev, 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. Agüero, A. G. Leyva, P. König, D. Vega, G. Polla, H. Aliaga, M. T. Causa, Phys.                   

B 320, (2002), 47-50. 
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Uticaj dopiranja itrijumom na strukturu Ca1-xYxMnO3 (0 � [����� 
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Dopirani manganiti opšte formule Ca1-xAxMnO3, gde je A trovalentna retka zemlja 
imaju RVRELQH� NRORVDOQH�PDJQHWQH� RWSRUQRVWL� L� SULKYDWOMLY� QLYR� HOHNWULþQH� SURYRGQRVWL� ]D�SULPHQX�X�JRULYQLP�üHOLMDPD�>�@� 'D� EL� VH� SURFHQLOD� WHRUHWVND� VWDELOQRVW� SHURYVNLWVNH� VWUXNWXUH� NRULãüHQMHP� VRIWYHUD�63X'6� �GLMDJQRVWLþNL� VRIWYHU� ]D� SUHGYL DQMH� VWUXNWXUH�� L]UDþXQDWL� VX� *ROGãPLWRY� IDNWRU�
tolerancije, (Gt) i globalni indeks nestabilnosti, (GIN) za Ca1-xYxMnO3 (x = 0, 0,25, 0,5, 
0,75, 1) [2]. 1D� RVQRYX� RYD� GYD� SDUDPHWUD� DQDOL]LUDQD� MH� PRJXüQRVW� IRUPLUDQMD�
perovskitskog tipa strukture kod Ca1-xYxMnO3 (0 � [� �� �). Da bi se proverili dobijeni UH]XOWDWL�� VLQWHWL]RYDQL� VX� QDQRSUDKRYL� VOHGHüLK� QRPLQDOQLK� VDVWDYD� CaMnO3,
Ca0,95Y0,05MnO3, Ca0,85Y0,15MnO3, Ca0,75Y0,25MnO3, Ca0,5Y0,5MnO3, Ca0,25Y0,75MnO3 i
YMnO3, NRULãüHQMHP� PRGLILNRYDQH� JOLFLQ-nitratne metode [3]. Nakon kalcinisanja na     
800 ºC / 2 h, prahovi su okarakterisani metodom rendgenske difrakcije na polikristalnim 
uzorcima. Ritveldova analiza GLIUDNFLRQLK�SRGDWDND�XUD HQD�MH SRPRüX�SURJUDPD�)XOO3URI�
[4]. 

Sve faze, osim YMnO3, VX�URPELþQH (prostorna grupa Pnma) sa perovskitskim tipom 
strukture. Heksagonalni YMnO3 (prostorna grupa P63cm) je na atmosferskom pritisku 
izomorfan sa LuMnO3 [5]. 

Ispitivan je uticaj UD]OLþLWRJ� VDGUåDMD� <� QD� SDUDPHWUH� MHGLQLþQH� üHOLMH�� ]DSUHPLQX�MHGLQLþQH üHOLMH��PH XDWRPVND�UDVWRMDQMa i uglove� 2GUH HQ�MH�XWLFDM�GRSLUDQMD�QD�LQWHQ]LWHW�
naginjanja oktaedara, s obzirom da prostorna grupa Pnma pripada a-b+c- sistemu naginjanja 
oktaedara [6]. ,]UDþXQDWH� VX� L� YDOHQFH� YH]D� ]D� VYH� LVSLWLYDQH� X]RUNH� SRãWR� XOD]DN� <� X�
strukturu CaMnO3 dovodi do UHGXNFLMH�MHGQDNH�NROLþLQH�0Q4+ u Mn3+ [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. >�@�6��%RãNRYLü��%��0DWRYLü��0��9ODMLü��9��.UVWLü� Ceram. Int. Vol. 33, (2007), 89-93. 
[4] J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse 

(1990) 127. 
[5] M. N. Iliev, 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. 
[7] O. Agüero, A. G. Leyva, P. König, D. Vega, G. Polla, H. Aliaga, M. T. Causa, Phys.                   

B 320, (2002), 47-50. 
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Crystal data for some minerals of Vršac mountains 
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Bannatian Plain ends on the south-east by Vršac Mountains, consists of an 
augengneisses and granites, which ends on the east by micashistes. The augens of gneisses 
are Karlsbad 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 Vršac 
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 Jankoviü, P., (1987) *HRORJLMD�YUãDþNLK�SODQLQD��0DWLFD�VUSVND��
Novi Sad str.65 >�@�-RYDQRYLü��3��6�����������3ULOR]L�JHRJUDILML�%DQDWVNH�SHãþDUH��6USVND�DNDGHPLMD�QDXND��
pos. izd. knj. CLIII , Geografski institut knj. 1, Beograd str. 86 
[3] Bukurov, B., (1951), 9UãDþNH�SODQLQH�� Matica srpska, Novi Sad 
[4] Dangiü, A., uriü, S., Stajeviü, V. and Preleviü, D., (1993), Crystallographic-geochemical 
study of tourmaline from the Golija Mt. (SW Serbia), I and II Conf. of Serb. Cryst. Soc. 
Belgrade, (Abs.), p. 47, 
[5] Suþeviü, P., (2002)� äivi svet vršaþkih planina, Gradski muzej, Vršac 
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[1] Kukin, A., Kemenci R. i Jankoviü, P., (1987) Geologija vršaþkih planina, Matica srpska, 
Novi Sad str.65 
[2] Jovanoviü��P. S., (1949), Prilozi geografiji Banatske peãþare, Srpska akademija nauka, 
pos. izd. knj. CLIII , Geografski institut knj. 1, Beograd str. 86 
[3] Bukurov, B., (1951), Vršaþke planine,  Matica srpska, Novi Sad 
[4] Dangiü, A., uriü, S., Stajeviü, V. and Preleviü, D., (1993), Crystallographic-geochemical 
study of tourmaline from the Golija Mt. (SW Serbia), I and II Conf. of Serb. Cryst. Soc. 
Belgrade, (Abs.), p. 47, 
[5] Suþeviü, P., (2002)� äivi svet vršaþkih planina, Gradski muzej, Vršac 
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DIOXOVANADIUM(V) COMPLEX WITH PYRIDOXAL-
SEMICARBAZONE. SYNTHESIS AND STRUCTURAL STUDIES 

OF COMPLEX 
 

Violeta S. Jevtoviü a, Georgio Pelosi b , Sandra Ianelli b

a 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 Area delle Scienze 17A. 
e-mail: violeta@ih.ns.ac.yu

Orange single crystals of the compound C18H30N10O9V, were prepared by the reaction 
of MeOH and NH3 solution of NH4VO3 and H2L

.H2O 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 VO2 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) � E� ������������ � F� ����������� �
= 95.4(3)°,  ������������  ������������9� ���������� 3. X-ray diffraction data were 
recorded on an Philips diffractometer  with graphite monochromated Mo-. UDGLDWLRQ� �� ������ ���$QLVRWURSLF�UHILQHPHQW�RI�DOO�QRQ-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 I STRUKTURA KOMPLEKSA 
 

Violeta S. Jevtoviü a, Georgio Pelosi b , Sandra Ianelli b

a Departman za hemiju, PMF, Univerzitet u Novom Sadu, 21000 Novi Sad, 
Trg D.  
 2EUDGRYLüD��� 
b Departman za Opštu i neorgansku hemiju, Univerzitet u Parmi, 43100 
Parma, Parco  
 Area delle Scienze 17A. 
e-mail:violeta@ih.ns.ac.yu

Naran DVWL� PRQRNULVWDOL� NRPSOHNVQRJ� MHGLQMHQMD�� formule C18H30N10O9V, dobijeni su 
reakcijom metanolno-DPRQLMDþQRJ�UDVWYRUD�1+4VO3 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 VO2 grupe u osnovi piramide i drugim atomom 
kiseonika iz iste grupe u njenom vrhu. Jedinjenje kristališe u P-1, sa a = 8.50(8) � E�  �
10.876(11) � F� ����������� � = 95.4(3)°, = 100.01(2)°, = 100.11(2)°, V = 1228(12) 

3� $QDOL]D� MH� UD HQD� QD�3KLOLSVRYRP�GLIUDNWRPHWUX� VD� JUDILWQLP�PRQRKURPDWRP�0R-K]UDþHQMHP 
( =0.7107 ���$QL]RWURSQR�XWDþQMDYDQMH ]D�VYH�QHYRGRQLþQH�DWRPD�GDMH�5 ���716 za 5586 
analiziranih refleksija i 463 parametra. 
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THE BEGINING OF THE TEACHING MINERALOGY IN 
VOJVODINA 

 

Tibor Halasi  
 
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-ERRN�LV�Ä \F ´ E\�$WDQDVLD�6WRLNRYLFK������-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 I Pro classe Praeparandorum, where 
taught: salts, sulphur, metals, ores and rocks. In the II class Pro Gramatica he taught 
saltpeter, iron (II) 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 also 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 RU H 1DWRãHYLü������-1887), also fomous professor of natural sciences. The first scientific 
paper from mineralogy was included in the „

” for WKH� �������� >�@�� 7KH� DXWKRU� LV� 6WHYDQ� 3RSRYLü� DQG� KH� GHVFULEHG� WKH�
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, 9(ý1,� .$/(1'$5�� .XU]EHFN�� 9LHQD��
(Fototipsko izdanje Matica Srpska, Novi Sad) str. 106-287. 
[2] A D DFLD� R � ������ � �� � � ���-223. >�@� � ������ �� � �>�@� � ������ ,� � ���������;/,�� ;;;,9�� � � � � � Ä´��,�������� � ��� �� ���-547. 
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32ý(&,�1$67$9(�0,1(5$/2*,-(�8�92-92',1, 

Tibor Halaši  
 
Departman za hemiju, Prirodno-PDWHPDWLþNL�IDNXOWHW���1RYL�6DG 

6DP�SRþHWDN�QDVtavH PLQHUDORJLMH�QLMH�WDþQR�RGUH HQ�X�9RMYRGLQL��3UYL�ãWDPSDQL�PDWHULMDO�X�RYRP�UHJLRQX�R�PLQHUDOLPD�SRWLþH�RG�=DKDULMH�2UIHOLQD������-1785) [1]. Autor X VYRMRM�NQML]L�QD�SRSXODUDQ�QDþLQ�SUHGVWDYOMD�PLQHUDOH� L�VWHQH��7HNVW� MH�GHORP�SUHX]HW� L]�5LKWHURYRJ� XGåEHQLND� L]� ������'UXJR� SRSXODUQR� GHOR�� QDOLN� QD� XGåEHQLN� MH� Ä \F ´ RG�$WDQDVLMH� 6WRLNRYLþD� �����-������ >�@�� 2YDM� XGåEHQLN� QD� VWXGLR]DQ� QDþLQ� REMDãQMDYD�
minerale, stene i kamenje. Knjiga je pisana na Rusko-crkvenoslovenskom jeziku. 
Mineralogija kao nastavni SUHGPHW� SUYL� MH� SUHGDYDR� þXYHQL� SURIHVRU� 9HOLNH� VUSVNH�
pravoslavne gimnazije u Sremskim Karlovcima Andrija Volni (Andreas Wolny, 1759-
1827). On je ro HQ i školovao se u Šemnicu, gde je osnovana prva Rudarska akademija u 
Kraljevini Ugarske. Volni je predavao mineralogiju u I Pro classe Praeparandorumu, a 
predavao je o solima, sumporu, metalima, rudama i stenama. U II razredu Pro Gramatica 
predavao je o šalitri, zelenoj galici, azbestu, kalcedonu, ahatu, zlatu, srebru i drugo. On je ]DMHGQR� VD� VYRMLP� XþHQLFLPD� VDþLQLR� ]ELUNX� PLQHUDOD�� 8� 9HOLNRM� VUSVNRM� SUDYRVODYQRM�
gimnaziji u Novom Sadu najpoznatiji profesor mineralogije, fizike i hemije bio je Stevan 
Milovanov (1855-1946), koje je prvi objavio UGåEHQLN iz mineralogije  u Novom Sadu [3]. 
Zbirka minerala SteYDQD�0LORYDQRYD�MH�VDþXYDQD�X�9LãRM�GHYRMDþNRM�ãNROL�X�1RYRP�6DGX,JGH� �� PLQHUDOD� SRWLþH� RG� SR]QDWRJ� SURIHVRUD� SULURGQLK� QDXND� RU D 1DWRãHYLüD� �����-������� 3UYL� QDXþQL� UDG� L]� PLQHUDORJLMH� MH� ELR� XNOMXþHQ� X� Ä

” za 1�������>�@��$XWRU�MH�6WHYDQ�3RSRYLü�L�RQ�RSLVXMH�PLNURVNRSVNR�
ispitivanje homogenosti minerala i kristala u kojima SULPHVH�PRJX�GD�EXGX�JDVRYL��WHþQRVWL�L þYUVWH�PHWULMH��2Q�MH�SURXþDYDR�L�SROLPRUILMX��8�XIX veku u Vojvodini u upotrebi su bili XGåEHQLFL� L� QDXþQL� UDGRYL� QD� VUSVNRP� MH]LNX�� NDR� L� QD� QHPDþNRP�� HQJOHVNRP�� UXVNRP� L�PD DUVNRP�MH]LNX� 8 RYRP�UDGX�VX�NRULãüHQH�ELEOLRJUDIVNH� L�DUKLYVNH�PHWRGH�LVWUDåLYDQMD��0RåHPR�GD� ]DNOMXþLPDR� GD� X� ;,;� YHNX� PLQHUDORJLMD� MH� ELOD� YDåDQ� SUHGPHW� SURXþDYDQMD� L�LVWUDåLYDnja u Vojvodini.   

 
[1] Zaharija Orfelin, 1783, O postanku sveta, 9(ý1,� .$/(1'$5�� .XU]EHFN�� 9LHQD��
(Fototipsko izdanje Matica Srpska, Novi Sad) str. 106-287. 
[2] A D acia R � ������ � �� � � ���-223. 
[3] � ������ �� � �
[4] � ������ ,

, � ���������
XLI. XXXIV. . . � � � Ä´��I, 1991, , .� �� ���-547. 
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Crystal structure of a garnet with composition 
(Fe1.72Ca1.04Mg0.19Mn0.05)3Al2Si3O12 

6��.RYDþ1� $��.UHPHQRYLü1, V. Kahlenberg2

1Faculty of Mining and Geology, Laboratory for Crystallography, University of Belgrade, 
P. O. Box 162, 11001 Belgrade, Serbia; 2Institute 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 general formula for the most 
of the natural garnets is X3Y2Z3O12, where X = Mg2+, Fe2+, Ca2+, Mn2+, Zn2+, Y2+, Na+, etc., 
Y = Al3+, Cr3+, Fe3+, Ti3+, Ti4+, V3+, Fe2+, Zr4+, Sn4+, etc. and Z = Si4+, Al3+, Ti4+, Fe2+, Fe3+,

P3+, etc. They crystallize in space group G,D
−
3 . Single-crystal X-ray data of 

(Fe1.72Ca1.04Mg0.19Mn0.05)3Al2Si3O12 were collected with a Stoe IPDS-II imaging plate 
diffractometer (MoK radiation, 293 K, 2 max = 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) Å, V = 1573.28 Å3, Z = 8) yielded R1 = 0.0247 and wR2 = 0.0714 
for 174 unique reflections with I≥2 (I) and a goodness-of-fit S = 1.393. A relatively long 
; 2 �; )H2+) 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 structural formula: 
(Fe1.86Ca0.88Mg0.19Mn0.05)2.98Al1.93Si3.06O12. 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 (Fe1.72Ca1.04Mg0.19Mn0.05)3Al2Si3O12, which is very 
similar to the one obtained from the microprobe analysis. The derived contents of the 
different garnet end-members are as follows: almandine (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. 
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(Fe1,72Ca1,04Mg0,19Mn0,05)3Al2Si3O12 

� 1� � 1, V. Kahlenberg2

1 - � �
, � � 162, 11001 � � 2

� , Innrain 52, A-6020� � �
e-mail: sabinakovac@eunet.yu 
 

�
X3Y2Z3O12, X = Mg2+, Fe2+, Ca2+, Mn2+, Zn2+, Y2+, Na+, �, Y = Al3+, Cr3+, Fe3+,
Ti3+, Ti4+, V3+, Fe2+, Zr4+, Sn4+, � Z = Si4+, Al3+, Ti4+, Fe2+, Fe3+, P3+, .

G,D
−
3 .

(Fe1,72Ca1,04Mg0,19Mn0,05)3Al2Si3O12 
Stoe IPDS-II IP (MoK � 293 K, 2 max = 57,26 °). 

WinGX. 
(a = 11,6306(6) Å, V = 1573,28 Å3, Z = 8) ���� �

R- � R1 = 0,0247, wR2 = 0,0714 174 
I≥2 (I); S=1,393. 

[1]. 
X O (X = Fe2+) X�

JEOL 8100, ��
(Fe1,86Ca0,88Mg0,19Mn0,05)2,98Al1,93Si3,06O12.

Mg Mn ��
(Fe1,72Ca1,04Mg0,19Mn0,05)3Al2Si3O12,� � ����� ���� ����� ���� ���� ������7 %). 

 
[1] Novak, G. A. and Gibbs, G. V., Am. Mineral. 56, (1971), 791-825. 
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EFFECTS OF A-SITE DOPING ON THE LOCAL 
STRUCTURE OF Pb-BASED RELAXOR FERROELECTRICS 
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a
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D-20146 Hamburg, Germany. 
b
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 

D-38116 Braunschweig, Germany. 
c
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Crystallography, Bulgarian Academy of Sciences, Blvd. Tsarigradsko Chausse 72, 1784 
Sofia, Bulgaria  

e-mail: Anna.Maria.Welsch@mineralogie.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 ABO
3

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 PbSc
0.5

Ta
0.5

O
3

and PbSc
0.5

Nb
0.5

O
3
. 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 a tetragonal 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 clusters in 

the host matrix by breaking the pattern of Pb
2+ 

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 feroelektriþQLK�PDWHULMDOD��2VQRYQD� RGOLND�VX�LP�HNVWUHPQR�YLVRNH�YUHGQRVWL�GLHOHNWULþQH�NRQVWDQWH��ãLURNL�GLIX]QL�ID]QL�SUHOD]�X�EOL]LQL�PDNVLPXPD�GLHOHNWULþQH�NRQVWDQWH�L�MDND�SRYH]DQRVW�GLHOHNWULþQH�NRQVWDQWH�VD�IUHNYHQFRP�X IXQNFLML� WHPSHUDWXUH�� =DKYDOMXMXüL� RGOLþQLP� GLHOHNWULþQLP� RVRELQDPD�� MDNRM�
elektrostrikciji i visokim elektro-RSWLþNLP�NRHILFLMHQWLPD��UHODNVRUL�VX�RG�SRVHEQRJ�]QDþDMD�]D� UD]OLþLWH� WHKQRORãNH�SULPHQH��5HODNVRUVNH�RVRELQH�VX�UH]XOWDW�SRVWRMHüH�QHKRPRJHQRVWL�
na nano-PHWDUVNRM�VNDOL�YHOLþLQD��NDR�npr. znatne devijacije lokalne strukture od celokupne 
strukture. 

Kompleksni oksidi Pb-perovskitskog tipa, osnovne formule ABO
3

su najpoznatiji 

materijali sa osobinama relaksorkih feroelektrika. 3HURYVNLWVND�VWUXNWXUD�RPRJXüDYD�MRQVNX�
substituciju i na A- i na B-SR]LFLMDPD��9DULMDFLMD�KHPLMVNRJ�VDVWDYD�XWLþH� QD�VWUXNWXUX�QD�QDQRPHWDUVNRM�VNDOL�L�WLPH�VH�SREROMãDYDMX�SRåHOMQH�UHODNVRUVNH�RVRELQH� 

Prezentujemo rezlutate ispitivanja struktura Ba- and La- dopiranih PbSc
0.5

Ta
0.5

O
3

and PbSc
0.5

Nb
0.5

O
3
. Strukturne pURPHQH� X]URNRYDQH� GRSLUDQMHP� VX� SURXþDYDQH�

komplementarnom primenom monokristalne rendgenske difrakcije i polarizovane ramanske 
spektroskopije sa monokristala. 5H]XOWDWL� XND]XMX� QD� WHWUDJRQDOQX� PRGLILNDFLMX� MHGLQLþQH� üHOLMH� L� XPQRåDYDQMD�
lokalnih strukturnLK�GLVWRU]LMD�NRMH�VH�]DWLþX�MRã�NRG�VWHKLRPHWULMVNLK�X]RUDND� 8QRãHQMH�VWHUHRKHPLMVNL�QHDNWLYQLK�MRQD�GRYRGL�GR�SRUHPHüDMD�VWUXNWXUQH�UHãHWNH�L SURPHQH�X�ORNDOQRM�VLPHWULML��1DãL�UH]XOWDWL�XND]XMX�QD�IUDJPHQWDFLMX�IHURLþQLK�NODVWHUD�X�
matriksu-GRPDüLQX� XVOHG� UD]ELMDQMD� SHULRGLþQRVWL� GHFHQWULUDQLK� 3E2+ 

pomeraja i stvaranje QRYLK�IHURLþQLK�YUVWD��SRVHEQR�]DYLVQLK�RG�YDOHQFH�NDWMRQD�X�$-pozicijama.  
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CRYSTAL STRUCTURE OF Mg10.7Mg26(OH)3(H0.2V1O4)3(HV2O4)
AND ISOTYPIC COMPOUNDS 
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During work aimed at crystal structural investigation of the compounds in the AO–BO–
X2O5–H2O system (A2+ = Sr, Cd, Ba; B2+ = Mg, Mn, Fe, Co, Ni, Cu, Zn; X5+ = As, V), the 
new magnesium vanadate Mg10.7Mg26(OH)3(H0.2V1O4)3(HV2O4) was obtained [space 
group P63mc, a = 12.9096(2), c = 5.0755(1) Å, V = 732.55(2) Å3, Z = 1] using 
hydrothermal synthesis. Its crystal structure was refined with single-crystal X-ray 
diffraction data [CCD area detector, MoK radiation, 298 K, 2θmax = 60°], starting from the 
structural model of isotypic Ni11-xNi26(OH)3(H2x/3As1O4)3(HAs2O4) [1]. The refinement 
(68 free parameters) yielded R1 = 0.0208, wR2 = 0.0483 for 349 unique reflections; for 326 
observed reflections with Fo

2 ≥ � �Fo
2) R1 = 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 hydrogens in 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 M1O6-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 M2O6-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 octahedral chain and the second with 
HX2O4-tetrahedra.  

The Mg1 site contains a significant number of vacancies. The distance along [001] 
between adjacent Mg1 sites (c/2 = 2.5377 Å) is too short to allow full occupancy of the 
Mg1 site, which also shows a very large displacement parameter along [001] (U33 = 4.1(4) 
Å2). This suggests a local displacement of the Mg1 cation from its average position, 
probably to an adjacent empty Mg1 site. The Mg2 site is fully occupied. The partial 
substitution of V1O4 with HV1O4 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 (U11 = U22 = 6.7(5), U33 = 5.(8) Å2) the position of the H atom 
belonging to the HV2O4-group could be identified. The H atom responsible for the partially 
protonation of the V1O4-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] R.W. Hughes, L.A. Gerrard, D.J. Price, M.T. Weller, Inorg. Chem., 42 (2003), 4160-
4164. 
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AO–BO–X2O5–H2O (A2+ = Sr, Cd, 
Ba; B2+ = Mg, Mn, Fe, Co, Ni, Cu, Zn; X5+ = As, V), � Mg10.7Mg26(OH)3(H0.2V1O4)3(HV2O4)
[ P63mc, a = 12,9096(2), c = 5,0755(1) Å, V = 732,55(2) Å3, Z = 1]. 

[CCD , MoK , 298 K, 2θmax = 60°], 
Ni11-xNi26(OH)3(H2x/3As1O4)3(HAs2O4) [1]. ��� R � R1 = 0,0208, wR2 =

0,����� 349 R1 = 0,0���� ���� Fo
2 ≥ 4σ(Fo

2). 
x �,������� �� �� M1O6-

, 1 1- ��3D� a
a� M2O6-o

[001] � (001)-� 3D 
c- � �� 1- � HX2O4-�

Mg1 � >���@�
Mg1 (c/2 = 2,5377 Å) 

Mg� � Mg� >���@� �U33 = 4,1(4) 
Å2). Mg�

, Mg� � Mg2 �
V1O4 HV1O4 �

OH–- � ��� � �� [U11=U22=6,7(5), U33=5,8(8) Å2], 
HV2O4- . o

V1O4- Mg1- �
[1] R.W. Hughes, L.A. Gerrard, D.J. Price, M.T. Weller, 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 analysis should serve as 
an indicator 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 crystallographically 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 NíH···S, NíH···N and CíH···N type. The molecules B form 
dimers through N3bíH3b···N1b interactions and further via intermolecular 
N1bíH11b···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 Cí1��1í1�DQG�&í6�ERQGV��$OVR��PD[LPD�H[LVW�LQ�WKH�YLFLQLW\�RI�WKH�1���1��
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 . radiation (wavelength = 0.71073 Å) in the range 0< <51.4º. The 
total 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 Rint = 2.31 %.  

Crystallographic data: formula C4H14N6S2, monoclinic crystal system, space group 
P21/c, a = 5.9666(2), b = 8.7396(6), c = 19.1354(2) Å, = 92.854(2)º, V = 996.59(8) Å3.
Structure was solved using the SHELXS97 program and was refined by SHELXL97 to a 
residual R-factor of 2.78 % for 7506 UHIOHFWLRQV�ZLWK�,!� �,��DQG�����UHILQHG�SDUDPHWHUV� 
[1] S. B. Novakoviü, B. Fraisse, G. A. Bogdanoviü, A. Spasojeviü-de Biré, Crystal Growth 
Design, 7 (2007), 191-195. 
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�
[1]�

4- -3- � �
�

�� �
NíH···S, NíH···N CíH···N �

N3bíH3b···N1b � N1bíH11b···S1b �
�

CíN, NíN CíS� N1, 
N2 S� �

- �
100,0(1) K Bruker-SMART 

SMART 1000 CCD � Mo . � = 0,71073 Å) 
0< <51,4º. �������

10,2. ������ Rint = 2,31 %.  
: C4H14N6S2,

, P21/c, a = 5,9666(2) Å, b = 8,7396(6) Å, c = 19,1354(2) Å,  
= 92,854(2)º, V = 996,59(8) Å3. SHELXS97 

SHELXL97 R- 2,78 % 7506 
I>3 (I) 165 .

[1] S. B. Novakoviü, B. Fraisse, G. A. Bogdanoviü��A. Spasojeviü-de Biré, Crystal Growth 
Design, 7 (2007), 191-195. 
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From a mixture of Cd(OH)2, Cu powder, 3As2O5·5H2O, and distilled water, transparent 
prismatic single crystals of Cd5(AsO4)3-x(HAsO4)xCl0.61(OH)0.39-x-(y/2)Ox+(y/2) y/2 were 
obtained under hydrothermal conditions (Teflon-lined steel autoclave, 493 K, 3 days). The 
compound is hexagonal (space group P63/m) with a = 9.971(1), c = 6.514(1) Å, 
V = 560.9(1) Å3, Z = 2, and adopts apatite structure type. The refinement was made starting 
from the structural model of Cd5(AsO4)3Cl1-2x-yOx x(OH)y [1] and using single-crystal X-
ray data (CCD area detector, MoK UDGLDWLRQ�� ���� .�� �θmax = 60 °). For 417 unique 
reflections and 41 free parameters, the refinement yielded R1 = 0.0173 and wR2 = 0.0354, 
and for 413 observed reflections with I > � �I), R1 = 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 t 3420 cm–1 
when recorded parallel to the c-axis.  

Considering only the crystallographic sites where the Cd2+, Cl– and O2– ions are 
located, the structural formula can be written as Cd12Cd23(AsO1O2O32)3(Cl,O4). 
Coordination polyhedron of Cd1 can be described as a deformed trigonal prism 
Cd1O13O23, with two bases formed by O13- and O23-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 Cd2O2O34(Cl,O4) 
octahedron. O1 atom, usually coordinated to this cation position in apatites, is at very long 
distance (3.371(3) Å) and contributes to the bond valence by only 2 %. In the channels 
extending along c-axis the Cl (61(1)%) and O4 (39(1) %) atoms occupy the same 2a
(0,0,¼) position giving the formula Cd5(AsO4)3Cl0.61(OH)0.39.

However, the longest distance in AsO4-tetrahedron (As–O2 = 1.706(4) Å), together 
with IR spectral data, suggested that AsO4

3– is partly protonated. Since it was not possible 
to locate H atoms, the most probable formula is Cd5(AsO4)3-x(HAsO4)xCl0.61(OH)0.39-xOx.

Additionally, there is also a minor possibility for the vacancy formation at 2a site 
(2OH– O2– + �, which was found in similar structure [1]. Thus, the formula of the 
investigated compound could also be: Cd5(AsO4)3-x(HAsO4)xCl0.61(OH)0.39-x-(y/2)Ox+(y/2) y/2.

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. Worrall, J.M.S. Skakle, Dalton 

Transactions, 21 (2004) 3611-3615. 
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Cd(OH)2, Cu- , 3As2O5·5H2O �
( � , 493 K, 3 )

Cd5(AsO4)3-

x(HAsO4)xCl0.61(OH)0.39-x-(y/2)Ox+(y/2) y/2. - � a
a P63/m, a = 9,971 (1), c = 6,514 (1) Å, V = 560,9 (1) Å3, Z = �

. [MoK
� CCD � ����K, 2θmax = 60 °] 
Cd5(AsO4)3Cl1-2x-yOx x(OH)y [1]. ���� R1 = 0,0173, wR2 = ������� ����

R1 = ������� ���� I > 2 (I). SEM (EDX) � �� – - �
– ���� cm-1 

- �
Cd2+, Cl– O2– �

Cd12Cd23[AsO1O2O32]3(Cl,O4H). 
Cd1 -Cd1O13O23��3- �3- � = 14,1 ���� Cd1 � � � Cd2 � Cd2O2O34(Cl,O4H4)- ���� Cd2, 

(3,371(3) Å), � ��� c-
Cl (60(1) ��� O4 (39(1) ��� 2a (0,0,¼) 

(Cd5(AsO4)3Cl0.61(OH)0.39). H As O (As O2 = 1,706(4) Å�
AsO4- ��
Cd5(AsO4)3-x(HAsO4)xCl0.61(OH)0.39-xOx� �

2a (2OH– O2– + ���
[1]. �

Cd5(AsO4)3-x(HAsO4)xCl0.61(OH)0.39-x-(y/2)Ox+(y/2) y/2.

[1] C.D. Johnson, J. Feldman, D.E. Macphee, F. Worrall, 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-RQH� ���� DQG� �� -hydroxy-�� -picolyl-androst-4-ene-3-one (2) were 
synthesized in several 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 P212121,
with the unit cell parameters a=7.274(4), b=11.857(5), c=23.92(7)Å, and Z=4,  
Dx=1.16 Mgm-3, µ=0.07 mm-1, MoKα radiation. 

The compound 2 also crystallizes in the orthorhombic system, space group 
P212121, with the unit cell parameters a=7.021(4), b=8.964(4), c=33.74(7)Å, and Z=4, 
Dx=1.18 Mgm-3, µ=0.073 mm-1, MoKα 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 final 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., Institüt für Anorganische Chemie der Universität, Tammanstrasse 4, D-3400 
Göttingen, Germany, 1998. 
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3ROD]HüL� RG� GHKLGURHSLDQGURVWHURQD�� GYD� QRYD� VWHURLGQD� MHGLQMHQMD�� ��-
pikolinilidene-4-androsten-3-on (1) i 17β-hidroksi-17α-pikolil-4-androsten-3-on (2) su 
sintetizovana u više koraka kao potencijalni inhibitori enzima aromataze, koji je odgovoran 
za katalizaciju konverzije androgena u estrogene, u poslednjem koraku steroidogeneze. 
 Jedinjenje 1 kristališe u ortorombiþnom kristalografskom sistemu, prostorna grupa 
P212121, sa parametrima elementarne üelije a=7,274(4), b=11,857(5), c=23.92(7)Å, i Z=4, 
Dx=1.16 Mgm-3, µ=0.07 mm-1, MoKα ]UDþHQMH� 

Jedinjenje 2, tako e, kristališe u ortorombiþnom kristalografskom sistemu, 
prostorna grupa P212121, sa parametrima elementarne üelije a=7,021(4), b=8,964(4), 
c=33,74(7)Å, and Z=4, Dx=1.18 Mgm-3, µ=0.073 mm-1, MoKα ]UDþHQMH� 

Strukture kristala su rešene primenom direktnih metoda na bazi 2328 nezavisnih 
refleksija za jedinjenje 1 i 2421 refleksija za jedinjenje 2 pomoüu SHELXS-86 [1] i
utaþnjena pomoüu SHELXL-97 [1]. Konaþna vrednost R faktora je 0,056 za jedinjenje 1 i
0,047 za jedinjenje 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., Institüt für Anorganische Chemie der Universität, Tammanstrasse 4, D-3400 
Göttingen, Germany, 1998. 
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Famotidine is a widely used anti-ulcer drug which belongs to the class of the 
histamine receptor antagonists [1]. Although the famotidine molecule displays several 
potential donor atoms a little 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·H2O (fam = famotidine, en = ethylenediamine) [2] and the 
square-planar complex [Cu(H2fam)](ClO4)2 [3]. In these structures the ligand shows 
different ways of coordination demonstrating the structural flexibility. The biological 
investigations 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 resolution 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(III) complex with famotidine.   

Experimental details: The data were collected at 100.0(1) K on a Bruker-SMART 
diffractometer equipped with a SMART 1000 CCD area detector using monochromated Mo 
. X-ray radiation ( = 0.71073 Å). Maximal resolution (sinθ� )max = 1.10 Å-1. The total 
number of the reflections collected was 86400. The data sorting and averaging led to 19124 
unique reflections with a final Rint = 2.02 %.   

Crystallographic data: formula C10H23ClCoN9O3S3, triclinic crystal system, space 
group P-1, a = 9.0922(1), b = 9.2850(1), c = 12.3436(2) Å,  �����������  �����������
= 73.977(1)º, V = 978.59(8) Å3. Structure was solved using the SHELXS97 program and 
refined by SHELXL97 to a residual R-IDFWRU�RI��������IRU�������UHIOHFWLRQV�ZLWK�,!� �,��
and 336 refined parameters. 
 
[1] J. Overgaard and D. E. Hibbs Acta Cryst. A60 (2004) 480-487; 
>�@� ��8��0LRGUDJRYLü��*��$��%RJGDQRYLü��=��0��0LRGUDJRYLü��0� ��5DGXORYLü��6��%��1RYDNRYLü��
G.N. KalX HURYLü��+��.R]áRZVNL���-��,QRUJ��%LRFKHP�����������������–1574; 
>�@�0��.XELDN��$��'XGD��0�/��*DQDGX��+��.R]áRZVNL��-��&KHP��6RF���'DOWRQ�7UDQV��(1996) 1905–
1908. 
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Famotidin je široko primenjivani antiulkusni lek koji pripada klasi antagonista 
histamina [1]. Iako famotidin ima nekoliko potencijalnih donornih atoma, malo se zna o QMHJRYLP�NRPSOHNVLUDMXüLP�VSRVREQRVWLPD��'R�VDGD�VX�RSLVDQD�GYD�NRPSOHNVD�PHWDOD�VD�
famotidinom, naslovljeni kompleks [Co(fam)(en)]Cl·H2O (fam = famotidin, en = 
etilendiamin) [2] i kvadratno-planarni kompleks [Cu(H2fam)](ClO4)2 [3]. U ovim kristalnim VWUXNWXUDPD�OLJDQG�SRND]XMH�UDOLþLWH�QDþLQH�NRRUGLQDFLMH�ãWR�XND]XMH�QD�QMHJRYX�VWUXNWXUQX�
fleksibilnost. Biološka ispitivanja su pokazala da naslovljeni Co(III) kompleks pokazuje ]QDþDMQX�DQWLEDNWHULMVNX�L�DQWLIXQJDOQX�DNWLYQRVW�NRMD�MH�YHüD�X�SRUH HQMX�VD�DNWLYQRãüX�
nekoordinovanog leka [2]. 
 .ULVWDOQD�VWUXNWXUD�QDVORYOMHQRJ�MHGLQMHQMD�MH�RGUH HQD�QD�RVQRYX�SRGDWDND�
dobijenih eksperimentom na sobnoj temSHUDWXUL�>�@��2YGH�üHPR�SUH]HQWRYDWL�VWUXNWXUQD�VYRMVWYD�LVWRJ�MHGLQMHQMD�NRMD�VX�RGUH HQD�QD�RVQRYX�QLVNRWHPSHUDWXUQLK�SRGDWDND�YLVRNH�UH]ROXFLMH��2YD�DQDOL]D�SUHGVWDYOMD�XYRG�X�SUHGVWRMHüH�LVSLWLYDQMH�HOHNWURQVNLK�VYRMVWDYD�
naslovljenog Co(III) kompleksa. Preliminarni rezultati pokazuju da su podaci dobijeni GLIUDNFLMRP�UHQGJHQVNRJ�]UDþHQMD�YLVRNH�UH]ROXFLMH�YLVRNRNYDOLWHWQL�L�GD�VH�PRJX�NRULVWLWL�
za dalje multipol-XWDþQMDYDQMH�L�DQDOL]X�UDVSRGHOH�JXVWLQH�QDHOHNWULVDQMD�X�NRPSOHNVX�
Co(III) sa famotidinom.     
 Eksperimentalni detalji: Podaci su prikupljani na difraktometru Bruker-SMART 
opremljenim SMART 1000 CCD detektorom, na temperaturi od 100.0(1) K. .RULãüHQR�MH�
monohromatsko Mo K ]UDþHQMH ( = 0,71073 Å). Maksimalna ostvarena rezolucija 
(sinθ/ )max = 1,10 Å-1

. Prikupljeno je ukupno 86400 refleksija. Usrednjavanjem podataka 
dobijeno je 19124 nezavisnih refleksija (Rint = 2,02 %). Kristalografski podaci: formula 
C10H23ClCoN9O3S3, WULNOLQLþQL�VLVWHP, prostorna grupa P-1, a = 9,0922(1), b = 9,2850(1), c
= 12,3436(2) Å, = 86,058(1)º, = 77,715(2), = 73,977(1)º, V = 978,59(8) Å3. Struktura MH�UHãHQD�6+(/;6���SURJUDPRP�L�XWDþQMHQD�SURJUDPRP�SHELXL97 do finalnog R = 2,22 
% za 15436 refleksija (I>3 �,���L�����XWDþQMDYDQLK�SDUDPHWDUD� 
[1] J. Overgaard and D. E. Hibbs Acta Cryst. A60 (2004) 480-�����>�@� ��8��0LRGUDJRYLü��*��$��%RJGDQRYLü��=��
0��0LRGUDJRYLü��0�� ��5DGXORYLü��6��%��1RYDNRYLü��*��1��.DOX HURYLü��+��.R]áowski,  J. Inorg. Biochem. 100 
(2006) 1568–1574; [3] M. Kubiak, A. Duda, M. L. Ganadu, H. Kozáowski, 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 TiO0.80 to TiO1.25. 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: TixOz = TiOy,
or Tix 1-xOz 1-z = TiOy, where y = z/x, while DQG� GHVLJQDWH� 2� DQG� 7L� YDFDQFLHV��
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, TiOy 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 TiOy samples were prepared from Ti metal and TiO2 (rutile) powders by solid state 
reaction in a planetary ball mill. The mixtures of reactants, with Ti:TiO2 molar ratios equal 
to 1:1, 1.10:1 and 1.25:1, were milled for 2 hours using hardened-steel vials and balls in an 
air or argon atmosphere. The synthesized samples were further annealed (sealed quartz 
ampoules) in a vacuum or argon atmosphere for 24 hours at 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 analysis confirmed formation of disordered cubic titanium 
monoxide of low crystallinity and nanometer crystallite size in all 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 TiOy phase transitions were investigated by 
DSC analysis in an argon atmosphere. No expected phase transitions were observed up to 
1300 ºC. 
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Titan-monoksid, sa kubnom NaCl strukturom, predstavlja školski primer 
nestehiomerijskih oksida. Svi oksidi u opsegu od TiO0,80 do TiO1,25 smatraju se PRQRNVLGLPD�� ýDN� L�PH X WLSLþQLP� SUHGVWDYQLFLPD� QHVWHKLRPHWULMVNLK� MHGLQMHQMD� 7L2y je 
jedinstven, jer u kristalnoj strukturi istovremeno postoje defekti prouzrokovani vakancijama QD�PHVWLPD�SUHGYL HQLP�L�]D�DQMRQH�L�]D�NDWMRQH��'D�EL�GHIHNWQD�Vtruktura titan-monoksida 
bila pravilno predstavljena prilikom pisanja hemijske formule potrebno je uvrstiti i šupljine: 
TixOz = TiOy, ili Tix 1-xOz 1-z = TiOy, gde je y = z/x, dok L R]QDþDYDMX�UHGRP�ãXSOMLQH�2�L 7L��8�]DYLVQRVWL�RG�VDGUåDMD�NLVHRQLND�L� WHUPLþNRJ�WUHWPDQD�UDVSRUHG�DWRPD�L� ãXSOMLQD�X�
kristalnoj rešetki titan-PRQRNVLGD�PRåH�ELWL�XUH HQ� L�QHXUH HQ��8�QHXUH HQRM�NXEQRM�ID]L��
atomi i strukturne šupljine su nasumLFH� UDVSRUH HQL� XQXWDU� NULVWDOQH� UHãHWNH�� 8UH LYDQMH�VWUXNWXUH� SUDüHQR� MH� VQLåHQMHP� VLPHWULMH� GR� PRQRNOLQLþQH�� DOL� XWLFDM� XUH LYDQMD� QD�WHUPRGLQDPLþNH�RVRELQH�WLWDQ-monoksida još uvek nije detaljno ispitan. 

Konvencionalno dobijeni uzorci titan-monoksida obLþQR� VX� GYRID]QL� L� VDVWRMH� VH� RG�XUH HQH� L� QHXUH HQH� ID]H��%RMD� RYDNR� SULSUHPOMHQLK� X]RUDND� YDULUD� RG� VUHEUQDVWRåXWH� GR�UD]OLþLWLK� QLMDQVL� ]ODWQRåXWH�� 8� RYRP� UDGX� X]RUFL� 7L2y dobijeni su u planetarnom mlinu PHKDQRKHPLMVNRP�UHDNFLMRP�X�þYUVWRP�VWDQMX�L]PH X Ti i TiO2 (rutil). Smeše reaktanata, 
sa molskim odnosima Ti:TiO2 jednakim 1:1, 1,10:1 i 1,25:1, mlevene su 2 h u posudama od VSHFLMDOQRJ� þHOLND� VD� RGJRYDUDMXüLP� NXJOLFDPD� X� DWPRVIHUL� YD]GXKD� LOL� DUJRQD�� 2YDNR�
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-DQDOL]RP�� RSWLþNRP� L� VNHQLUDMXüRP� HOHNWURQVNRP� PLNrosko-
pijom. 3URVHþQD� YHOLþLQD� NULVWDOLWD� POHYHQLK� X]RUDND� L]UDþXQDWD� MH� QD� RVQRYX� âHUHURYH�MHGQDþLQH� 5HQGJHQVNRP� GLIUDNFLMRP� SRWYU HQR� MH� GD� VH� WRNRP� POHYHQMD� X� VYLP� VOXþDMHYLPD�IRUPLUD� QHXUH HQD� ID]D� QLVNH� NULVWDOLQLþQRVWL� NXEQRJ� WLWDQ-monoksida, sa kristalitima 
nanometarskih dimenzija. Nakon zagrevanja na razlLþLWLP� WHPSHUDWXUDPD� NULVWDOLQLþQRVW�X]RUDND� MH� SRUDVOD�� D� VWUXNWXUD� MH� RVWDOD� QHXUH HQD�� -HGLQL� L]X]HWDN� MH�X]RUDN�VD�RGQRVRP�
reaktanata 1,25:1 kod kojeg su se nakon zagrevanja na 900 �&� SRMDYLOL� SLNRYL� XUH HQH�PRQRNOLQLþQH� ID]H� 7L2y� 2SWLþNRP� PLNURVNRSLMRP� ]DSDåHQH� VX� YUOR� UD]OLþLWH� ERMH��LQWHQ]LYQRSODYD��OMXELþDVWD��]ODWQRåXWD��PUND�L�VUHEUQRVLYD���7R�VH�YHURYDWQR�PRåH�SULSLVDWL�QHVWHKLRPHWULML� L� ]DSUOMDQMX� JYRå HP�� VD� RE]LURP� GD� MH� ('6� DQDOL]RP� QD HQ� SURVHþDQ�VDGUåDM�JYRå D RG�RNR�����PDV��� 

Fazni prelaz TiOy L]� NXEQRJ� X� PRQRNOLQLþQL� L� REUQXWR� LVSLWLYDQ� MH� '6&-analizom u DWPRVIHUL� DUJRQD� GR� ����� �&�� 1L� X� MHGQRP� VOXþDMX� QLMH� SRWYU HQR� SRVWRMDQMH� RþHNLYDQH�
fazne transformacije. 
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Complexes of citric acid are important intermediates in production of high conductivity 
materials, such as LaNiO3 and LaMnO3 [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(III) citrate 
from a strong alkali 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 Mn3+ ions, which were latter proved using the qualitative EDX 
analysis. However, their space group was identical and their unit-cell parameters were 
practically equal to the data published for Na3C6H5O7·2H2O [4]. 

The crystal structure refinement showed that light brown crystals are actually 
Na3C6H5O7·2H2O, with the crystal structure essentially the same as published previously 
[4]. However, the compound contains about 0.01 mol of Mn3+ ions per formula unit. They ZHUH�LGHQWLILHG�LQ�WKH� F map as a maximum of only 1.25 e Å–3. The coordination number 
of Mn3+ ions is six with the following Mn–O bond lengths: 1.1914(15) (×2), 2.149(6) (×2) 
and 2.584(10) (×2) Å. The MnO6 polyhedron can be described as a strongly deformed 
octahedron, or optionally as an apex split square pyramid with tetrahedraly deformed basal 
plane. Mn3+ ions are moved out from the basal plane toward the apex of the pyramid. 

Crystal data: C6H9Mn0.01Na3O9, Mr = 1004.26, monoclinic system, space group C2/c, a
= 15.7070(3), b = 12.4990(2), c = 11.2710(2) Å, = 103.5990(10)°, V = 2150.71(7) Å3, Z =
8, F(000) = 1202, x = 1.820 g cm–1, = 0.279 mm–1, S = 1.037, R1 = 0.0289 for 2508 
reflections with I > 2 (I), wR2 = 0.0782 for 2661 independent reflections and 202 refined SDUDPHWHUV��� � )max � ������� max = 0.70 e Å–3� min = –0.44 e Å–3.

[1] M. 3RþXþD�� *�� %UDQNRYLü�� =�� %UDQNRYLü�� '�� 9DVLOMHYLü-5DGRYLü�� '�� Poleti, J. Eur. 
Ceram. Soc. 27 (2007) 1083. >�@�.�� XULã��*��%UDQNRYLü�� =��%UDQNRYLü��0��3RþXþD��'��3ROHWL��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. 



47

STRUKTURA NATRIJUM-CITRATA-DIHIDRATA, 1 3C6H5O7·2H2O, DOPIRANOG Mn3+-JONIMA 
 

D. Poleti a� /M��.DUDQRYLü�b� 7�� RU HYLü�c� .�� XULã�d
a Tehnološko-metalurški fakultet, Karnegijeva 4, 11000 Beograd; b Rudarsko-geološki IDNXOWHW�� XãLQD� ��� ������ %HRJUDG�� c Institut für Mineralogie und Kristallographie, 
Universität Wien-Geozentrum, Althansstrasse 14, A-1090 Vienna, Austria; d Centar za 
mulitidisciplinarne studije, Kneza Višeslava 1, 11000 Beogad;  
e-mail: dejan@tmf.bg.ac.yu 
 

.RPSOHNVL� OLPXQVNH� NLVHOLQH� VX� YDåQL� PH XSURL]YRGL� SUL� NRULãüHQMX� PRGLILNRYDQH�3HFKLQL�PHWRGH�>�@�]D�GRELMDQMH�PDWHULMDOD�VD�YLVRNRP�HOHNWULþQRP�SURYRGQRãüX��NDR�ãWR�VX�
LaNiO3 i LaMnO3 >���@��0H XWLP��saznanja o citratnim kompleksima prelaznih elemenata i 
njihovoj strukturi vrlo su RJUDQLþHQa. Opisano jedinjenje nastalo je tokom pokušaja da se 
dobiju monokristali nekog Mn(III)-citrata iz jako alkalnog vodenog rastvora (pH ≈ 13) u 
SULVXVWYX�1D2+��7RNRP�VSRURJ�XSDUDYDQMD�PDWLþQRJ�OXJD�dobijeno je puno velikih (do 25 
mm)� LJOLþDVWLK� L�EH]ERMQLK�NULVWDla koji nisu dalje okarakterisani i samo nekoliko manjih SUL]PDWLþQLK� NULVWDOD� VYHWOR-PUNH� ERMH�� 1MLKRYD� ERMD� XND]LYDOD� MH� QD� PRJXüH� SULVXVWYR� 
Mn3+-MRQD��ãWR� MH�SRWYU HQR�L�NYDOLWDWLYQRP�(';-DQDOL]RP��0H XWLP��SURVWRUQD�JUXSD�WLK�
kristala bile je jednaka, D SDUDPHWUL�MHGQLþQH�üHOLMH�SUDNWLþQR�LGHQWLþQL�UDQLMH�SXEOLNRYDQLP�
podacima za 1 3C6H5O7·2H2O [4]. 

Rešavanje kristalne strukture pokazalo je da se zaista radi o natrijumovoj soli limunske 
kiseline, 1 3C6H5O7·2H2O� þLMD� VH� VWUXNWXUD� VXãWLQVNL� QH� UD]OLNXMH od ranije opisane [4]. 0H XWLP�� MHGLQMHQMH� VDGUåL� L� RNR� ����� PRO� 0Q3+-jona po formulskoj jedinici, koji su 
identifikovani na osnovu maksimuma od samo 1,25 e Å–3 na ∆F-mapi. Joni Mn3+ imaju 
NRRUGLQDFLRQL�EURM���VD�GXåLQDPD�Mn–O veza: 1,9514(15) (×2), 2,149(6) (×2) i 2,584(10) �î��� c�� .RRUGLQDFLRQL� SROLHGDU� PRåH� VH� RSLVDWL� NDR� MDNR� GHIRUPLVDQL� RNWDHGDU�� LOL� NDR�NYDGUDWQD�SLUDPLGD�VD�UDVFHSOMHQLP�YUKRP�L�WHWUDHGDUVNL�GHIRUPLVDQRP�RVQRYRP��SUL�þHPX�
su joni Mn3+ pomereni iz bazne ravni ka vrhu piramide. 

Kristalografski podaci: C6H9Mn0,01Na3O9, Mr = 294,72� PRQRNOLQLþDQ�VLVWHP��SURVWRUQD�
grupa C2/c, a = 15,7070(3), b = 12,4990(2), c = 11,2710(2) Å, β = 103,5990(10)º, 
V = 2150,71(7) Å3, Z = 8, F(000) = 1202, ρx = 1,820 g cm–3, µ = 0,279 mm–1, S = 1,037, 
R1 = 0,0289 za 2508 refleksija sa I>2σ(I), wR2 = 0,0782 za 2661 nezavisne refleksije i 202 XWDþQMDYDQD�SDUDPHWUD��(∆/σ)max < 0,001, ∆ρmax = 0,70 e Å–3, ∆ρmin = -0,44 e Å–3.

[1] M. Pechini, US Patent 3,330,697, 1967. 
[2] M. 3RþXþD�� *� %UDQNRYLü�� =� %UDQNRYLü�� '� VasLOMHYLü-5DGRYLü�� '� Poleti, J. Eur. 
Ceram. Soc. 27 (2007) 1083. 
[3] K. XULã��*� %UDQNRYLü�� =� %UDQNRYLü��0� 3RþXþD��'� 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. ZnFe2O4 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 (Θ-2Θ), using ″step-scan″ technique in 10-800 2Θ angle range, at 
every 0.020. Counting time on each step was 15s, and intensity of monochromatic radiation 
had CuKα1:CuKα2=0.514 ratio. 

Determined by FullProf computer programme, the average crystallite size was 
21(4) and 81(6) Å for as prepared (S1) and heated (S2) 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 500MPa. 

Temperature dependence of permittivety of S1 and S2 samples on different 
frequencies are shown in Figures 1. i 2., respectively. 

 Figure 1.                     Figure 2. 
 
The obtained values of permittivety in examined temerature and frequency region 

are significantly higher for S1 samle than for S2 sample. The first peaks of permittivety 
(caused by interfaced polarization) of S1 sample are noticed in lower temperature interval 
(300-325K) than those of S2 sample (350-375K). Registrated shift is consenquence of 
growth of grain size and decreased contact area. The second peak of  S1 sample (550-575K) 
refers to dipol polarization. Since grain size increasing of S2 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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 8 RYRP� UDGX� LVSLWLYDQ� MH� XWLFDM� YHOLþLQH� ]UQD� QD� YUHGQRVW� GLHOHNWULþQH� NRQVWDQWH�QDQRþHVWLþQRJ�]LQN�IHULWD��=Q)H2O4 dobijen je WDORåHQMHP�L]�WHþQH�ID]H��L�]D�SRWUHEH�GDOMHJ�LVWUDåLYDQMD�odgrejan na 773K .  'RELMHQL� SUDKRYL� VX� VQLPDQL� SRPRüX� GLIUDNWRPHWUD� 6LHPHQV� '����� X� %UDJJ-
Breantano geometriji (Θ-2Θ), ″step-scan″ tehnikom u rasponu uglova 2Θ 10-800 i korakom 
0,020� 9UHPH� ]DGUåDYDQMD� QD� VYDNRP� NRUDNX� L]QRVLOR� MH� ��V�� D� intenzitet 
PRQRKURPDWL]RYDQR�]UDþHQMH�MH�LPDR�RGQRV�&X.α1:CuKα2=0.514  

3ULPHQRP� )XOO3URI� SURJUDPD� RGUH HQD� MH� VUHGQMD� YHOLþLQD� NULVWDOLWD� NRMa je za 
neodgrejan (S1) i odgrejan (S2) uzorak iznosila 21(4) i 81(6) � UHVSHNWLYQR� 0HUHQMH� GLHOHNWULþQH� NRQVWDQWH� X]UDND� MH� YUãHQR u opsegu 300-630K, na 
frekvencijama 1 Hz, 10 Hz, 100 Hz, 1 kHz i 10 kHz, SRPRüX�XUH DMD�'LHOHFWULF�$QDO\]HU�
2970 (DEA 2970). Uzorci (tablete d=10 mm) su pripremljeni presovanjem na 500MPa. 

Zavisnosti L]PHUHQLK� YUHGQRVWL� GLHOHNWULþQH� NRQVWDQWH� NRG� S1 i S2 uzorka na UD]OLþLWLP�IUHNYHQFLMDPD�SULNDzana je na slikama 1. i 2., respektivno. 
 

Slika 1.                             Slika 2. 
 
I]PHUHQH� YUHGQRVWL� GLHOHNWULþQH� NRQVWDQWH� � X� LVSLWLYDQRP� WHPSHUDWXUVNRP� L�

frekventnom regionu kod S1 X]RUND�]QDþDMQR�su YHüH�QHJR�NRG�S2 uzorka.  Kod S1 uzorka SUYL� ORNDOQL� PDNVLPXPL� � PHUHQH� YHOLþLQH� �X]URNRYDQL� PH XVORMQRP� SRODUL]Dcijom) se XRþDYDMX� X� QLåHP� LQWHUYDOX� WHPSHUDWXUD� ����-325K) nego kod S2 uzorka (350-375K). 8RþHQR�SRPHUDQMH�SRVOHGLFD� MH�XNUXSQMDYDQMD�]UQD�L� VPDQMHQMD�GRGLUQLK�SRYUãLQD�L]PH X
njih. Drugi maksimum kod S1 uzorka (550-575K) odgovara dipolnoj polarizaciji. Kako je 
kod S2 došlo do ukrupnjavanja zrna ali i do stabilisanja sistema u merenom opsegu nema 
maksimuma koji bi se pripisao ovoj vrsti polarizacije. 
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Unexpected appearance of doped and undoped J-Bi2O3 phases in the 
same sample 
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Metastable γ-Bi2O3 phase is one of five Bi2O3 polymorphs. Interest for this phase is 
motivated by its outstanding properties, which are a consequence of noncentrosymmetric 
space group (I23). Our previous research was focused on cations that could be used to 
stabilize γ-Bi2O3 phase at room temperature, and many practically single-phase samples 
with γ-Bi2O3 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 M4+ ions, the formula of  γ-phases is Bi12MO20,
whereas for M5+ the formula is Bi12(M

5+
0.8)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] also 
showed that even smaller quantity of dopants could stabilize γ-Bi2O3 phase. The 
exceptional behaviour of the systems containing Mn4+, Ti4+ or V5+ ions is their ability to 
give two different γ-Bi2O3 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 
ideal Bi:M (M = Mn, Ti, V) molar ratios and other with half of an ideal dopant quantity. 
Six different mixtures of α-Bi2O3 and dopant oxides were homogenized in an agate mortar, 
heated at 750 ºC for 3 hours in 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 γ-Bi2O3 phase, while the syntheses with half a quantity of dopants 
yielded the mixtures of two, γ1 and γ2 phases with different mass ratios (w). 

Sample 
a(γ1-Bi2O3)/Å, 

w/wt.% 
a(γ2-Bi2O3)/Å, 

w/wt.% 
Impurity, 
w/wt.% 

6Bi2O3·MnO2 10.221(1), 100 – – 
12Bi2O3·MnO2 10.2181(6), 65 10.2627(7), 32 α-Bi2O3, 3 
6Bi2O3·TiO2 10.1839(6), 100 – – 
12Bi2O3·TiO2 10.1874(6), 60 10.2630(7), 38 α-Bi2O3, 2 
15Bi2O3·V2O5 10.2251(3), 100 – –
30Bi2O3·V2O5 10.2310(7), 44 10.260(1), 56 – 

It is obvious that γ1-phases have similar unit cell parameters, a, as corresponding  
γ-phases obtained for ideal molar ratios, while the parameter of γ2-phases is close to the 
parameter of undoped γ-Bi2O3 (10.268 Å). Hence, we can conclude that the produced 
mixtures consist of doped and undoped γ-Bi2O3. This is also confirmed by the results of 
SEM/EDXS, SAED and HRTEM analyses, which will be discussed in detail. 
 

[1] '��3ROHWL��/M��.DUDQRYLü��$��+DGåL-7RQLü, Z. Kristallogr, 222 (2007) 59-72. 
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1HRþHNLYDQD�SRMDYD�GRSLUDQH�L�QHGRSLUDQH�J-Bi2O3 faze u istom uzorku 
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Metastabilna γ-Bi2O3 faza predstavlja jednu od pet polimorfnih modifikacija Bi2O3.,]X]HWQH� RVRELQH� RYH� ID]H�� NRMH� VX� SRVOHGLFD� QMHQH� QHFHQWURVLPHWULþQH� SURVWRUQH� JUXSH�
(I�����PRWLYLVDOH�VX�QDV�GD�MH�GHWDOMQLMH�SURXþLPR��1DãD�UDQLMD�LVWUDåLYDQMD�VYRGLOD�VX�VH�QD�
RGUH LYDQMH� NRML� WR� NDWMRQL�PRJX� VWDELOL]RYDWL γ-Bi2O3 fazu na sobnoj temperaturi, pa su 
tako dobijeni mnogi jednofazni uzorci sa strukturom γ-Bi2O3 dopirane sa Co, Fe, Mn, Si, 
Pb, Ti, V i Zn [1]. 0H XWLP��WUL�GRSDQWD��0Q��7L��9��SRND]DOD�VX�VSHFLILþQR�SRQDãDQMH�� 

8 QDMSURVWLMHP�VOXþDMX��NDGD�MH�GRSDQt M4+-jon, formula γ-faze je Bi12MO20, dok je za 
M5+-jon formula Bi12(M

5+
0,8)O20. Iz tog razloga idealni molski odnos Bi:M jednak je 12:1 ]D�X]RUNH�GRSLUDQH�VD�0Q�LOL�7L�L������]D�X]RUNH�GRSLUDQH�VD�9��1DãD�SUHWKRGQD�LVWUDåLYDQMD�

[1] pokazala su da i manje NROLþLQH�GRSDQWD�PRJX�VWDELOL]RYDWL�γ-Bi2O3 fazu pa su upravo 
SUL�PDQMHP� VDGUåDMX� GRSDQWD�� VLVWHPL� VD Mn4+, Ti4+ ili V5+-MRQLPD� SRND]DOL� QHRþHNLYDQR�
SRQDãDQMH��GDMXüL�GYH�UD]OLþLWH�γ-Bi2O3 faze u istom uzorku. 

U nameri da se ispita ovaj fenomen izvršene su dve serije sinteza: jedna, sa idealnim PROVNLP�RGQRVRP�%L�0��0� �0Q��7L��9��L�GUXJD��VD�GXSOR�PDQMRP�NROLþLQRP�GRSDQWD�RG�LGHDOQH�� âHVW� UD]OLþLWLK� VPHãD α-Bi2O3 i oksida dopanata homogenizovane su u ahatnom 
avanu, grejane tokom 3 h na 750 ºC u otvorenim 3W� ORQþLüLPD� L� SRWRP�VSRUR� KOD HQH� GR�
sobne temperature. Proizvodi su okarakterisani XRPD, SEM/EDXS, SAED i HRTEM 
analizom. 5H]XOWDWL�SULND]DQL�X�VOHGHüRM�WDEHOL�SRND]XMX�GD�VLQWH]H�VD�LGHDOQLP�PROVNLP�RGQRVRP�
daju samo jednu γ-Bi2O3 fazu, dok sinteze sa uSROD�PDQMRP�NROLþLQRP�GRSDQWD daju smešu 
dve γ-faze, γ1 i γ2, VD�UD]OLþLWLP�PDVHQLP�RGQRVRP��w). 

Uzorak 
a(γ1-Bi2O3)/Å, 

w/mas.% 
a(γ2-Bi2O3)/Å, 

w/mas.% 
1HþLVWRüH� 
w/mas.% 

6Bi2O3·MnO2 10,221(1), 100 – –
12Bi2O3·MnO2 10,2181(6), 65 10,2627(7), 32 α-Bi2O3, 3 
6Bi2O3·TiO2 10,1839(6), 100 – –
12Bi2O3·TiO2 10,1874(6), 60 10,2630(7), 38 α-Bi2O3, 2 
15Bi2O3·V2O5 10,2251(3), 100 – – 
30Bi2O3·V2O5 10,2310(7), 44 10,260(1), 56 –

2þLJOHGQR� MH� GD γ1-ID]H� LPDMX� SDUDPHWHU� üHOLMH�� a, VOLþDQ� SDUDPHWUX� RGJRYDUDMXüLK 
γ-faza dobijenih za idealni molski odnos, dok je parametar γ2-faze blizak parametru 
nedopiranog γ-Bi2O3 (10,268 Å). 6WRJD� VH� PRåH� ]DNOMXþLWL� GD� GRELMHQD� VPHãD� VDGUåL� L�
dopiran i nedopiran γ-Bi2O3� 2YR� MH�SRWYU HQR�UH]XOWDWLPD�6(0�(';6��SAED i HRTEM 
analiza, NRML�üH�ELWL�GHWDOMQR�SULND]DQL�L�GLVNXWRYDQL� 
[1] '��3ROHWL��/M��.DUDQRYLü��$��+DGåL-7RQLü, 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 π and π* 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 parallel (or nearly 
parallel) molecules of aromatic hydrocarbons. These complexes are also known as 
“sandwich” complexes. 
 There is intensive research of noncovalent interactions involving π-systems. It was 
shown that these interactions are very important for many biological molecules. Analyzing 
CH/π 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/π 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/π (X=O, 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 all structures 
where bis(arene)-metal complexes are involved in CH/π interactions either as hydrogen 
atom donors or as π 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/π interactions in crystal 
structures of bis(arene)-metal complexes. The results have shown that there is a larger 
number of CH/π 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/π interactions. 
 
[1] M.K. Milþiü, V.B. Medakoviü, D.K. Sredojeviü, N. Juraniü, S.D.Zariü� Inorg. Chem. 45 
(2006) 4755. 
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Joni, atoPL��SRYUãLQD�L�MHGLQMHQMD�PHWDOD�LQWHUDJXMX�VD�DURPDWLþQLP�XJOMRYRGRQLFLPD�L�
grade stabilne komplekse preklapanjem π i π* RUELWDOD�SUVWHQD�VD�RGJRYDUDMXüLP�RUELWDODPD�
atoma metala. Ovi aren-kompleksi metala prvi put su sintetisani još 1919. godine, ali su tek 
pedesetih godina prošlog veka i strukturno okarakterisani. Bis(aren)-kompleksi metala su NRPSOHNVL� X� NRMLPD� VX� GYD� SODQDUQD� L� SDUDOHOQD� �LOL� VNRUR� SDUDOHOQD�� DURPDWLþQD�XJOMRYRGRQLND� YH]DQD� ]D� DWRP� PHWDOD�� 2YDNYL� NRPSOHNVL� VH� QD]LYDMX� MRã� L� ÄVHQGYLþ³�
kompleksi. 
 Nekovalntne interakcije u π VLVWHPLPD�PQRJR�VX�SURXþDYDQH�X�SRVOHGQMLK�GYDGHVHWDN�
JRGLQD>�@��3RND]DQR�MH�GD�VX�RYH�LQWHUDNFLMH�YHRPD�YDåQH�X�ELRORãNLP�PROHNXOLPD��NDR�QD�
primer CH/π LQWHUDNFLMH�� NRMH� LPDMX� YHRPD� ]QDþDMQX� XORJX� X� VWDELOL]DFLML� QDtivne 
konformacije proteina. 
 Bis(aren)-NRPSOHNVL� PRJX� JUDGLWL� WUL� UD]OLþLWH� YUVWH� QHNRYDOHQWQLK� LQWHUDNFLMD� π tipa. 
=ERJ� SUHODVND� HOHNWURQVNH� JXVWLQH� VD� DURPDWLþQRJ� OLJDQGD� QD� DWRP� PHWDOD� YRGRQLFL�
DURPDWLþQRJ� PROHNXOD� SRVWDMX� SR]LWLYQLML� L� PRJX� JUDGLWL� MDþH� &+�π inteakcije nego 
QHNRRUGLQRYDQL�DURPDWLþQL�PROHNXO��1DMQRYLML�SURUDþXQL�PDJQHWQLK�RVRELQD�SRND]DOL�VX�GD�DURPDWLþQL� OLJDQG� NRRUGLQDFLMRP� ]DGUåDYD� �L� X� QHNLP� VOXþDMHYLPD� SRMDþDYD�� VYRMH�
DURPDWLþQH� RVRELQH� WDNR� GD� PRåH� XþHVWYRYDWL� X� ;+�π (X=O, N, C) interakcijama kao 
DNFHSWRU� YRGRQLNRYRJ� DWRPD�� 7DNR H�� ]ERJ� WRJD� ãWR� SRVHGXMX� YLVRNX� VLPHWULMX� L�GHORNDOL]RYDQH�HOHNWURQH� RþHNXMH� VH�GD� X� NULVWDOQLP�VWUXNWXUDPD�RYLK� VHQGYLþ� NRPSOHNVD�PRJX� SRVWRMDWL� MDNH� VWHNLQJ� LQWHUDNFLMH� L]PH X VXVHGQLK�PROHNXOD� NRPSOHNVD LOL� L]PH XPROHNXOD�NRPSOHNVD�L�DURPDWLþQLK�PROHNXOD�UDVWYDUDþD� .HPEULþND� EDQND� NULVWDORJUDIVNLK� SRGDWDND� �&6'�� SUHWUDåHQD� MH� QD� VYH� VWUXNWXUH� X�
kojima bis(aren)-NRPSOHNVL� PHWDOD� XþHVWYXMX� X� &+�π interakcijama, bilo kao donori 
vodonikovog atoma, bilo kao π VLVWHPL�� 3UHWUDJD� MH� XUD HQD� ]D� GYH� YUVWH� ELV�DUHQ�-
kompleksa: komplekse u kojima je arenski ligand molekul benzena i komplekse u kojima je 
arenski ligand ciklopentadienilni anjon.  
 3UHWUDJRP� NULVWDORJUDIVNH� EDQNH� SRGDWDND� QD HQ� MH� YHOLNL� EURM� VWUXNWXra u kojima 
postoje CH/π interakcije u bis(aren)-kompleksima. Rezultati pretrage su pokazali da postoji 
YHüL� EURM� &+�π interakcija u kompleksima u kojima je ligand ciklopentadienilni anjon. 
7DNR H�� QD� RVQRYX� EURMD� SURQD HQLK� VWUXNWXUD� PRåH� VH� YLGHWL� GD� VX� kompleksi sa 
koordinovanim ciklopentadienilnim anjonom bolji akceptori vodonikovog atoma, dok su 
kompleski sa koordinovanim molekulom benzena bolji donori vodonikovog atoma u CH/π
interakcijama. 
 
[1] M.K. Milþiü, V.B. Medakoviü, D.K. Sredojeviü, N. Juraniü, S.D.Zariü Inorg. Chem. 45 
(2006) 4755.
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AND NONCOORDINATED WATER MOLECULE  
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Large number of studies of noncoYDOHQW� LQWHUDFWLRQV� LQYROYLQJ� -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  
-systems of aryl group and water molecule. Water involved in 2+� LQWHUDFWLRQV�can be 

noncoordinated or coordinated to a metal atom. Coordination of water molecule to a metal 
atom has important influence on 2+� LQWHUDFWLRQV [1], hence, these interactions are named 
metal ligand 2+� LQWHUDFWLRQs or  ML2+� LQWHUDFWLRQV.

The crystal structures containing water molecule and C6-aromatic group were 
obtained from Cambridge Structural Database (CSD). The structures of these complexes 
were screened for intermolHFXODU�2+� LQWHUDFWLRQV�XVLQJ�JHRPHWULFal criteria. We searched 
for structures in which the distance between a hydrogen atom of aqua ligand and the center 
(Ω) of any phenyl ring was shorter than 3.5 Å, the angle O-H-Ω was less than 110º,  and the 
angle between H-Ω line and the normal on the ring plane was less than 30º.  

By searching crystal structures from CSD we found 84 structures with 102 
intermolecular interactions where aqua ligand is hydrogen atom donor while π-system of 
C6-aromatic ring is acceptor (MLOH/ LQWHUDFWLRQV��� DQG� ���� VWUXFWXres with 278 
intermolecular interactions where water molecule is hydrogen atom donor (OH/
interactions). The geometries of MLOH/ and OH/ LQWHUDFWLRQV were analyzed. The 
analysis showed that charge of the aqua complex has important influence on MLOH/
interactions, and that interactions of coordinated water molecule are stronger than 
interactions of noncoordinated.    
 
[1] M. K. MilþLü��=��'��7RPLü��6��'��=DULü��,QRUJ��&KLP��$FWD�������������������-4329. 
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PORE ENJE  OH/S INTERAKCIJE KOORDINOVANOG I 
NEKOORDINOVANOG MOLEKULA VODE 
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Veliki broj LVWUDåLYDQMD�QHNRYDOHQWQLK� LQWHUDNFLMD��X�NRMLPD�XþHVWYXMX�  -sistemi, u 
oblasti hemije, biohemije i molekularne biologije, NDR�L�L]X]HWDQ�]QDþDM�L�SULVXVWYR�YRGH�X�
svim ovim sistemima, motivisali su nas da ispitamo nekovalentne iQWHUDNFLMH� L]PH X
-sistema aril grupe i vode. Voda koja gradi OH/ interakcije PRåH�ELWL�QHNRRUGLQRYDQD�L�

koordinovana. Koordinovanje vode za metal ima velikog uticaja na OH/ interakcije [1], pa 
se zbog toga interakcije zovu metal ligand OH/ interakcije ili MLOH interakcije. .ULVWDOQH�VWUXNWXUH�NRMH�VDGUåH�PROHNXO�YRGH��ELOR�NRRUGLQRYDQ�]D�PHWDOQL�MRQ� bilo 
nekoordinovan, i C6-DURPDWLþQX� JUXSX�� SURQD HQH� VX� SUHWUDåLYDQMHP� .HPEULGåke 
kristalografske banke podataka (CSD). KRULãüHQMHP� JHRPHWULMVNLK� NULWHUijuma u ovim VWUXNWXUDPD�VX�SURQD HQH�OH/ interakcije. Analizirali smo samo one strukture kod kojih 
MH� UDVWRMDQMH�L]PH X YRGRQLNRYRJ�DWRPD�� L]�PROHNXOD�YRGH�� L�FHQWUD�DULO�JUXSH��Ω) manje 
od 3.5Å, ugao O-H-Ω manji od 110º, a XJDR�NRML�]DNODSD�GXå�H-Ω sa normalom na ravan 
prstena manji od  30º. 3UHWUDåivanjem CSD dobijeno je 84 strukture, sa 102 intermolekulske interakcije, 
u kojima je akva ligand donor vodonikovog atoma, dok  π-sistem C6-DURPDWLþQRJ�SUVWHQD�
je akceptor (MLOH/ interakcije), i 248 struktura, sa  278 intermolekulskih interakcija, u 
kojima je nekoordinovan molekul vode donor vodonikovog atoma (OH/ interakcije). 
Analizirane su geometrije MLOH/ i OH/ interakcija. Ova analiza je pokazala da QDHOHNWULVDQMH� DNYD� NRPSOHNVD� LPD� ]QDþDMQRJ� XWLFDMD� na MLOH/ interakcije i da su  LQWHUDNFLMH� NRRUGLQRYDQRJ� PROHNXOD� YRGH� MDþH� RG� LQWHUDNFLMD� QHNRRUGLQRYDQRJ� PROHNXOD�
vode.    
 
[1] M. K. MilþLü��=��'��7RPLü��6��'��=DULü��,QRUJ��&KLP��$FWD�������������������-4329. 
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It was shown that in structures of metal complexes there are specific types of 
noncovalent interactions LQYROYLQJ� -systems. Hence, in the structures of metal complexes 
there are stacking interactions involving organic aromatic fragments, however, in stacking LQWHUDFWLRQV� FDQ� EH� DOVR� LQYROYHG� SODQDU� FKHODWH� ULQJV� ZLWK� GHORFDOL]HG� -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 0Û) (Figure 1.a), or two bipyridyl groups can be oriented in the way that value of 
torsion angle is 180Û �Figure 1.b). 
 

[a]                                              [b] 
 

Figure 1. Strucutres with torsion angle 0Û >D@�DQG�WRUVLRQ�DQgle 180Û >E@ 
[1] Zoran D. Tomiü, Dušan N. Sredojeviü, Sneåana D. Zariü, Crystal Growth & Design, 
2006, 6, 29-31. 
[2] Dušan N. 6UHGRMHYLü��=RUDQ�'� Tomiü, SneåDQD�'� Zariü��Central European Journal of 
Chemistry, 2007, 5, 20-31.   
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Pokazano je da u strukturama kompleksa metala postoje specifiþni tipovi 
nekovalentnih interakcija u koje su ukljuþeni -sistemi. Tako u strukturama kompleksa PHWDOD�SRVWRMH�VWHNLQJ�LQWHUDNFLMH�X�NRMH�VX�XNOMXþHQL�RUDJDQVNL�DURPDWLþQL�IUDJPHQWL��DOL�X�
steking interakcije mogu da budu ukljuþeni i planarni helatni prstenovi sa delokalizovanim 
-VLVWHPRP�>���@��6�RE]LURP�GD�X�ELSLULGLQVNLP�NRPSOHNVLPD�SRVWRMH�L�RUJDQVNL�DURPDWLþQL�

fragmenti i helatni prstenovi koju mogu biti XNOMXþHQL� X� LQWHUDNFLMH�� PL� VPR� SURXþDYDOL�
staking interakcije u kristalnim strukturama bipiridinskih kompleksa. .ULVWDOQH� VWUXNWXUH� NRMH� VDGUåH� bipiridinski fragment koordinovan za bilo koji 
metal proQD HQH� VX� SUHWUDåLYDQMHP� .HPEULGåke kristalografske banke podataka (CSD); 
pronadjeno je 322 takvih kristalnih struktura. Analiza geometrijskih parametara u NULVWDOQLP� VWUXNWXUDPD� XND]XMH� QD� SRVWRMDQMH� VWHNLQJ� LQWHUDNFLMD� L]PH X ELSLULGLQVNLK�
fragmenata kordinovanih za metal� 0H XWLP�� ELSLULGLQVNL� IUDJPHQW� PRåH� ELWL� XNOMXþHQ� X�
staking interakcije i sa drugim fragmentima  

 Dobijeni podaci ukazuju da su kod najveüeg broja struktura dva susedna 
kompleksa orjentisana tako da su bipiridinski fragmenti jedan iznad drugog, gde je torzioni 
ugao 0 (slika 1.a), ili tako da su jedan nasuprot drugog, gde je torzioni ugao 180 (slika 
1.b).  
 

[a]                                                       [b] 
 

Slika 1. Prikaz dve strukture sa torzionim uglom 0Û >D@�L�WRU]LRQLP�XJORP����Û�>E@ 
[1] Zoran D. Tomiü, Dušan N. Sredojeviü, Sneåana D. Zariü, Crystal Growth & Design, 
2006, 6, 29-31. 
[2] Dušan N. 6UHGRMHYLü��=RUDQ�'� Tomiü, SneåDQD�'� Zariü��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 especially evident in inability to 
differentiate π-π interaction 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, is in 
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 Å. 
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 pyrazole rings.  
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-HGDQ� RG� RVQRYQK� SUREOHPD� X� KHPLML� þYUVWRJ� VWDQMD� MH� XWYU LYDQMH� þLQLRFD� NRML�RGUH XMX�QDþLQ��XGUXåLYDQMD�PROHNXOD�L�IRUPLUDQMH�XUH HQH�NULVWDOQH�VWUXNWXUH��2YDM�SURFHsMH� X� YHOLNRM� PHUL� RGUH HQ� HQHUJHWVNLP� L� VWUXNWXUQLP� VYRMVWYLPD� PH XPROHNXOVNLK�
interakcija koje ispitivani molekuli mogu da ostvare.   -HGQD�YUVWD�VODELK�LQWHUDNFLMD�þLMD�VH�XORJD�X�XGUXåLYDQMX�PROHNXOD�GRVWD�LVSLWXMH�X�
poslednje vreme su interakcije izmH X FLNOLþQLK�DURPDWLþQLK�VLVWHPD��stacking interakcije. I SRUHG�YHOLNRJ�EURMD�SULPHUD�NRML�XND]XMX�QD�QMLKRY�]QDþDM�]D�REUD]RYDQMH�XUH HQH�NULVWDOQH�
strukture, u literaturi nedostaje potpuniji opis strukturnih svojstava koji se odnose na takve PH XPROHNXOske kontakte. Kod pirazolnih molekula, ovo se posebno odnosi na definisanje VWUXNWXUQLK� NULWHULMXPD� NRML� EL� RPRJXüLOL� UD]OLNRYDQMH� - LQWHUDNFLMD� L]PH X SLUD]RORYRK�SUVWHQRYD� RG� LQWHUDNFLMD� NRMH� VH� RVWYDUXMX� L]PH X QMLKRYLK� VXEVWLWHQDWD�� 3UL� þHPX� WUHED�
naglasiti da obe vrste kontakata dovode do formiranja stacking rasporeda molekula.   8 RYRP� UDGX� VX� L]ORåHQL� UH]XOWDWL� DQDOL]H� VWUXNWXUQLK� VYMVWDYD� PH XPROHNXVOLK�
pirazol-SLUD]RO� NRQWDNDWD�� .HPEULGåND� %DQND� .ULVWDORJUDINVLK� SRGDWDND� MH� VLVWHPDWVNL�SUHWUDåHQD i izdvojene su informacije koje se odnose na strukturna svojstva pirazol-piarzol NRQWDNWD��NRG�NULVWDOQLK�VWUXNWXUD�NRMH�QH�VDGUåH�GUXJH�DURPDWVNH�VLVWHPH�� $QDOL]D� UDVSRGHOH� UDVWRMDQMD� L]PH X FHQWDUD� SLUD]RORYLK� SUVWHQRYD� L� XJORYD�L]PH X UDYQL� SUVWHQRYD� MH� SRND]DOD� GD� X� QDMYHüHP� EURMX� VOXþDMHYD� SRVWRML� stacking LQWHUDNFLMD�L]PH X SLUD]RORYLK�PROHNXOD��Za strukture kod kojih ne postoji stacking kontakt XWYU HQR�MH�da VDGUåH�YROXPLQR]QH�JUXSH� 9DULMDFLMD�UDVWRMDQMD�L]PH X SUVWHQRYD�L�VWHSHQD�
njihovog preklapanja kod struktura kod kojih postoji stacking, pokazala je da postoji NRUHODFLMD� L]PH X RYD�GYD�SDUDPHWUD� WM�� GD�YHüH�SUHNODSDQMH�GRYRGL� L� GR� MDþH� LQWHUDNFLMH��
UWYU HQR je da do stacking UDVSRUHGD�X�QDMYHüHP�EURMX�VOXþDMHYD�GROD]L�NDGD�MH normalna 
visina u opsegu 3-4 Å. 7RU]LRQL� XJDR� NRML� RSLVXMH�PH XVREQX� RUMHQWDFLMX�1-N veza ima YUHGQRVWL�EOLVNH���L��������1D�RVQRYX�DQDOL]H�SRORåDMD�L�YUVWH�VXSVWLWXHQDWD�XWYUGLOL�VPR�GD�VH� SRORåDM� L� VYRMVWYD� VXSVWLWXHQDWD� QH� UD]OLNXMX� ELWQR� NRG� VWUXNWXUD� VD� UD]OLþLWRP 
me XVREQom orjentacijom N-N veza.  

Ova analiza je ukazala i na geometrijske kriterijume koji RPRJXüDYDMX�
razlikovanje stacking XUH HQMD� NRG� NRJD� SRVWRMH� LQWHUDNFLMH� SLUD]ROQLK� SUVWHQRYD� RG�
stacking XUH HQMD� NRMH� MH� SRVOHGLFD� LQWHUDNFLMD� L]PH X VXEVWLWXHQDWD� na pirzolovim 
prstenovima. 
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The title complex was synthesized by reaction of nickel acetate tetrahydrate with 2-
quinolinecarboxaldehyde selenosemicarbazone (Hqasesc) in equimolar ratio in ethanol, and 
purified by vapour diffusion using the DMSO solution as an inner solution and ethanol as 
an outer solvent. Single crystal X-ray analysis showed that two deprotonated qasescí

ligands coordinate the metal in a tridentate fashion, via NNSe donor atom set, giving the 
angularly distorted octahedral complex [Ni(qasesc)2]·2DMSO with four chelate rings. The 
ligand skeletons are essentially planar within 0.08 and 0.12 Å for C1í&��í1�í1�� DQG�
C12í&��í1�í1��� UHVSHFWLYHO\��7KH� VHOHQLXP�DWRPV��6H�� DQG�6H��� GHYLDWH� VOightly from 
the mean planes by 0.14 and 0.32 Å, respectively.  
 

Crystallographic data: C26H30N8NiO2S2Se2, Mr = 767.33, triclinic system, space group 1P ,
a = 10.4907(8), b = 10.8951(8), c = 15.036(1) Å, = 92.330(1), = 94.134(1), =
= 116.412(1)º, V = 1530.1(2) Å3, Z = 2, F(000) = 772, Dc = 1.665 Mg mí�, (Mo K ) = 
= 3.188 mmí�, R1 = 0.0286 (wR2 = 0,0689) for 7359 reflections with I > 2 (I). 
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Kompleks bis(2-hinolinkarboksaldehid selenosemikarbazonato)nikl(II) sintetisan je UHDNFLMRP� HNYLPRODUQLK� NROLþLQD� QLNO�,,�-acetat-tetrahidrata i 2-hinolinkarboksaldehid-
selenosemikarbazona (Hqasesc) u etanolu, a pUHþLãüHQ� MH� GLIX]LMRP� SDUD� HWDQROD� NDR�VSROMDãQMHJ� UDVWYDUDþD� X� '062� UDVWYRU� NRPSOHNVD�� 5HQGJHQVND� VWUXNWXUQD� DQDOL]D� MH�
pokazala da su dva deprotonovana qasescí liganda koordinovana tridentatno, preko NNSe VHWD� GRQRUVNLK� DWRPD�� JUDGHüL� NRPSOHNV� [Ni(qasesc)2]·2DMSO ugaono deformisane RNWDHGDUVNH� JHRPHWULMH� VD�þHWLUL�KHODWQD� SUVWHQD��/LJDQDGL� VX� X� RVQRYL� SODQDUQL�� SUL� þHPX�
odstupanje od srednjih ravni iznosi 0,08 i 0,12 Å za C1í&��í1�í1��L�&��í&��í1�í1���UHVSHNWLYQR��$WRPL�6H��L�6H��WDNR H SRND]XMX�QH]QDWQR�odstupanje od srednjih ravni (0,14 
i 0,32 Å, respektivno).  

 

Kristalografski podaci: C26H30N8NiO2S2Se2, Mr  ��������WULNOLQLþQL�VLVWHP��SURVWRUQD�JUXSD�
1P , a = 10,4907(8), b = 10,8951(8), c = 15,036(1) Å, = 92,330(1), = 94,134(1), =

= 116,412(1)º, V = 1530,1(2) Å3, Z = 2, F(000) = 772, Dc = 1,665 Mg mí�, (Mo K �   
= 3,188 mmí�, R1 = 0,0286 (wR2 = 0,0689) za 7359 refleksija koje zadovoljavaju uslov  
I > 2 (I). 
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The title complex, [CuCl2(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(II) perchlorate 
hexahydrate in 95 % ethanol. The structure of the complex was determined by X-ray 
structural analysis. The ligand aphaoet coordinates the Cu(II) 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: C11H15Cl2CuN3O2, Mr = 355.7, triclinic system, space group 1P , a =
= 7.2437(9), b = 9.0418(9), c = 11.7914(11) � = 96.947(2), = 102.856(3), =
106.879(4)°, V = 706.10(13) 3, Z = 2, (Mo K �  ��.925 mmí�. The structure was solved 
using the SHELXS-97, and refined using the SHELXL-97. The final R-value, for 4286 
reflexions with I > � �I), was 4.48 %. 



65

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

 

M. Borna*, 1��)LOLSRYLüa, T. 7RGRURYLüb

*Student Hemijskog fakulteta, Univerziteta u Beogradu; aPoljoprivredni fakultet, 
Univerzitet u Beogradu, Nemanjina 6, Zemun; bHemijski fakultet, Univerzitet u Beogradu, 
Studentski trg  
12-16, Beograd 
e-mail: marija_borna@yahoo.com (M. Borna) 

Templatnom reakcijom ekvimolarnih koliþina etil-hidrazinoacetat-hidrohlorida, 2-
acetilpiridina i bakar(II)-perhlorat-heksahidrata, u 95% etanolu, dobiven je kompleks 
[CuCl2(aphaoet)] (aphaoet = etil (E)-2-[N ’-(1-piridin-2-il-etiliden)hidrazino]acetat). 
Struktura kompleksa RGUH HQD� MH� rendgenskom strukturnom analizom. Ligand aphaoet 
koordinovan je bidetnatno za Cu(II), preko piridinskog i hidrazonskog atoma azota, dok 
preostala dva koordinaciona mesta zauzimaju hloridni joni. Dobiveni kompleks je 
tetraedarski deformisane kvadratno-palanarne geometrije.  
 

Kristalografski podaci: C11H15Cl2CuN3O2, Mr = 355,7, WULNOLQLþQL� sistem, prostorna grupa 
1P , a = 7,2437(9) � b = 9,0418(9), c = 11,7914(11), = 96,947(2), = 102,856(3), =

= 106,879(4)°, V = 706,10(13) 3, Z = 2, (Mo K �  � �,925 mmí1. Struktura je rešena SRPRüX�SURJUDPD�6+(/;6-���� D� XWDþQMena programom SHELXL-����.RQDþQD� YUHGQRVW�
R-faktora, za 4286 refleksija sa I > � �I), iznosi 4,48 %. 
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By reaction of equimolar quantities of Cd(ClO4)2·6H2O with the ligand N’,N’2-bis[(1E)-
1-(2-pyridyl)ethylidene]propanedihydrazide (H2L) in ethanol, the binuclear Cd(II) complex, 
[Cd2(H2O)2(H2L)2](ClO4)4·4H2O, was obtained. The structure of the complex was 
determined by X-ray structural analysis. Both Cd(II) 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 7.1Å. 
 

Figure 1. Crystal structure of [Cd2(H2O)2(H2L)2](ClO4)4·4H2O

Crystallographic data: C17H24CdCl2N6O13, Mr = 703.72, monoclinic system, space group 
P21/n, a = 16.658(5), b = 19.043(5), c = 16.918(5) Å, = 94.51(2)°, V = 5350(3) Å3, Z = 8, 
F(000) = 2832, Dc = 1.747 Mg mí�, (Mo K ) = 1.090 mmí�, R1 = 0.0558 (wR2 = 0.1210) 
for 15595 reflections with I > 2 (I). 
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5HDNFLMRP� HNYLPRODUQLK� NROLþLQD� &G�&O24)2·6H2O i N’,N’2-bis[(1E)-1-(2-
piridil)etiliden]propandihidrazida (H2L) u etanolu dobiven je binuklearni kompleks Cd(II), 
[Cd2(H2O)2(H2L)2](ClO4)4·4H22�� 6WUXNWXUD� NRPSOHNVD� RGUH HQD� MH� UHQGJHQVNRP�
strukturnom analizom. Oba Cd(II)-jona nalaze se u pentagonalno-bipiramidalnom RNUXåHQMX��SUL�þHPX�MH�VYDNL�ERþQL�ODQDF�OLJDQGD�NRRUGLQRYDQ�WULGHQWDWQR�SUHNR�SLULGLQVNRJ�
i iminskog atoma a]RWD�L�KLGUD]LGQRJ�NDUERQLOQRJ�NLVHRQLND��6YDNL�NDGPLMXP�MH�RNUXåHQ�VD�GYD�ERþQD�ODQFD�OLJDQGD�NRML�JUDGH�WUL�KHODWQD�SUVWHQD��D�KHSWDNRRUGLQDFLMD�MH�NRPSOHWLUDQD�
molekulima vode. Pentagonalna ravan sastoji se od tri NNO donora jednog liganda, 
iminskog azota drugog liganda i molekula vode. Intramolekulsko rastojanje Cd…Cd iznosi 
7,1Å. 
 

Slika 1.  Kristalna struktura [Cd2(H2O)2(H2L)2](ClO4)4·4H2O

Kristalografski podaci: C17H24CdCl2N6O13, Mr  �������� PRQRNOLQLþQL� VLVWHP�� SURVWRUQD�
grupa P21/n, a = 16,658(5), b = 19,043(5), c = 16,918(5) Å, = 94,51(2)°, V =
= 5350(3) Å3, Z = 8, F(000) = 2832, Dc = 1,747 Mg mí�, (Mo K ) = 1,090 mmí�, R1 =
= 0,0558 (wR2 = 0,1210) za 15595 refleksija koje zadovoljavaju uslov I > 2 (I). 
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Hydrogen bonds, salt bridges and hydrophobic interactions are considered to play 
major role in protein stability; however, recent studies showed that weaker XH/π
interactions also play a role in protein stability [1-3]. 

In order to find out all noncovalent 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, π-system of every porphyrin ring is 
involved in XH/π 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/π interactions is much larger than number of NH/π 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 all 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 
is a strong argument for their importance. 
 
[1] M. Brandl et al., J.Mol.Biol. (2001), 307:357-377 
[2] T. Steiner and G. Koellner, J.Mol.Biol. (2001), 305:535-557 
[3] S. Stojanoviü HW�DO�� J.Biol.Inorg.Chem. (2007), in press 
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6PDWUD�VH�GD�YRGRQLþQH�YH]H��VRQL�PRVWRYL�L�KLGURIREQH�LQWHUDNFLMH�LPDMX�JODYQX�
ulogu u stabilnosti proteina, me utim, nedavna prouþavanja pokazuju da slabe XH/π
interakcije tako e doprinose stabilnosti proteina [1-3]. 

Za ova istraåivanja je koriãüena proteinska baza podataka (PDB Select) iz janura 
2007. ne-redundantna lista (verzija 25%). 5H]XOWDWL� SRND]XMX� SULVXVWYR� ]QDþDMQRJ� EURMD�
konvencionDOQLK� YRGRQLþQLK� YH]D� DFHWDWQLK� L� SURSLRQDWQLK� JUXSD� SRUILULQVNLK� SUVWHQRYD.1DMXþHVWDOLML� GRQRUL� VX� QDHOHNWULVDQL� RVWDFL� DPLQRNLVHOLQD� L]� RNROLQH� SRUILULQVNRJ� SUVWHQD.9RGRQLþQH� YH]H� ERþQLK� RVWDWDND� DPLQRNLVHOLQD� VX� XþHVWDOLMH� RG� LVWLK� VD� GRQRULPD� L]�
peptidnih veza; one ponekad ukljuþuju molekule vode i klasifikuju se kao umreåene 
vodoniþne veze. Osim toga, π-sistem svakog porfirinskog prstena je ukljuþen u XH/π
interakcije, mnogi od njih grade i nekoliko interakcija. 3URQD HQH�VX�LQWHUDNFLMH�VD C-H i N-
H grupama kao donorima, pri þemu je broj CH/π interakcija znatno veüi od broja NH/π
interakcija. 8 QHNRYDOHQWQH�LQWHUDNFLMH�VX�XNOMXþHQL�SHWRþODQL�L�ãHVWRþODQL�KHODWQL�SUVWHQRYL;
dok je broj interakcija sa petoþlanim prstenovima znatno veüi. 7DNR H VX� SURQD ene KLGURGREQH�LQWHUDNFLMH�L]PH X DPLQRNLVHOLQVNLK�RVWDWDND�L�SRUILULQVNLK�SUVWHQRYD.2GUH HQ� MH� LQGHNV� NRQ]HUYDWLYQRVWL� DPLQRNLVHOLQD� NRMH� VH� QDOD]H� X� YH]LYQRP�
mestu porfirina. Indeks konzervativnosti aminokiselina koje grade nekovalentne interakcije 
sa pRUILULQLPD� VX� VWDWLVWLþNL� ]QDþDMQR� SRYHüDQL� X� RGQRVX� QD� DPLQRNLVHOLQH� NRMH� QH� JUDGH�
interakcije. 5H]XOWDWL� SRND]XMX� GD� MH� VYDNL� SRUILULQ� XNOMXþHQ� X� QHNRYDOHQWQLP� LQWHUDNFLMDPD��9LVRN� LQGHNV� NRQ]HUYDWLYQRVWL� DPLQRNLVHOLQD� XNOMXþHQLK� X� RYLP� LQWHUDNFLMDPD� MH� jak DUJXPHQW�QMLKRYH�YDåQRVWL� 
[1] M. Brandl et al., J.Mol.Biol. (2001), 307:357-377 
[2] T. Steiner and G. Koellner, J.Mol.Biol. (2001), 305:535-557 
[3] S. Stojanoviü HW�DO�� J.Biol.Inorg.Chem. (2007), in press 
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Eastern Serbia is 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 development.  

The results of slag findings from chosen archaeometallurgical sites in 
Eastern Serbia - ýRND� .D]DN�� 7LOYD� 1MDJUD�� 5JRWVNL� Kamen i Felix 
Romuliana, from different historical periods are presented in this paper. 
Characterization of slag findings has been performed using following 
methods - XRD, DTA, SEM-EDX, LOM, and chemical analysis. 
 
[1] Metalurgija - Journal of Metallurgy, Special Issue: Archaeometallurgy,  
 Guest-(GLWRU��'UDJDQD�äLYNRYLü�������-3) (2006) 83-227. 
[2] '�äLYNRYLü�HW�DO���*HRDUFKDHRORJLFDO�DQG�%LRDUFKDHRORJLFDO�6WXGLHV���������� 

407-409. 
 [3] '�äLYNRYLü��1�âWUEDF��HW�DO���-RXUQDO�RI�7KHUPDO�$QDO\VLV�and Calorimetry,  
 76 (2004) 227-235.  
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,VWRþQD� 6UELMD� MH� SR]QDWD� SR� YLãHYHNRYQRM� UXGDUVNR-metalurškoj 
tradiciji i kontinuiranim aktivnostima na dobijanju i preradi, pre svega, 
obojenih i plemenitih PHWDOD��DOL� L�JYRåGMD� L�þHOLND��2�WRPH�VYHGRþL�YHOLNL�EURM� DUKHRPHWDOXUãNLK� QDOD]LãWD� QD� RYRP� SRGUXþMX�� QD� NRMLPD� VX� SULVXWQL�
tragovi nekadašnje proizvodnje metala - RVWDFL� SHüL�� YHüH� NROLþLQH� ãOMDNH��
metalnih predmeta, keramike, itd. Nalazi šljake se za arheometalurška LVSLWLYDQMD� RG�QDMYHüHJ� ]QDþDMD�� LPDMXüL� X� YLGX�GD� VH� QD� RVQRYX�QMLKRYRJ�VDVWDYD� PRåH� SUHGRþLWL� WHKQRORJLMD� GRELMDQMD� PHWDOD� X� UDQLP� SHULRGLPD�
razvoja metalurgije.  

U ovom radu su predstavljeni rezultati ispitivanja nalaza šljake iz UD]OLþLtih istorijskih perioda sa odabranih arheometalurških lokaliteta u ,VWRþQRM� 6UELML�� L� WR� ýRND� .D]DN�� 7LOYD� 1MDJUD�� 5JRWVNL� .DPHQ� L� )HOL[�
Romuliana. Karakterizacija nalaza šljake je izvršena metodama XRD, DTA, 
SEM-(';��/20��NDR�L�NRULãüHQMHP�KHPLMVNH�DQDOL]e. 
 
[1] Metalurgija - Journal of Metallurgy, Special Issue: Archaeometallurgy,  
 Guest-(GLWRU��'UDJDQD�äLYNRYLü�������-3) (2006) 83-227. 
[2] '�äLYNRYLü�HW�DO���*HRDUFKDHRORJLFDO�DQG�%LRDUFKDHRORJLFDO�6WXGLHV���������� 

407-409. 
 [3] '�äLYNRYLü��1.Štrbac, et al., Journal of Thermal Analysis and Calorimetry,  
 76 (2004) 227-235.  
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Calcination process involves annealing of alluminum-hydroxide at 
1100-1300 oC, and is accompanied by dehydration process and structural 
transformations of dehydrated aluminum oxide. The rate of γ-aluminum 
oxide into α-phase increases in the presence of different mineraliyers - 
AlF3, CaF2, MgF2, Na3AlF6, NaF and LiF. 

Simulation of aluminum hydroxide calcination process with added 
fluorides has been done using Derivatograph 1500 (MOM, Budapest), and 
the temperature of α-Al2O3 formation is accompanied by exothermic peak 
displacement characteristic for this process. Characterization of such 
obtained calcined alumina has been done by XRD analysis and IR 
spectrophotometry, which results are presented in this paper.. 
 
[1] N.Štrbac, Doctoral Thesis, Technical Faculty Bor, 1996. 
[2] /�$�3DãNHYLþ�HW�DO���&YHW�0HWDO��������������� 
[3] K.Nakamoto, Infrared spectra of Inorganic Coordination Compounds, Willey-  
 Interscience, New York, 1963. 
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3URFHV� NDOFLQDFLMH� VH� VDVWRML� X� åDUHQMX� DOXPLQLMXP-hidorksida na 
1100-1300o&�� L� SUDüHQ� MH� SURFHVRP� GHKLGUDWDFLMH� L� VWUXNWXUQLP�
transformacijama dehidratisanog aluminijum- oksida. Brzina kristalizacije 
gama-aluminijum-oksida u alfa-ID]X� UDVWH� X� SULVXVWYX� UD]OLþLWLK�
mineralizatora - AlF3, CaF2, MgF2, Na3AlF6, NaF i LiF. 

Simulacija procesa kalcinacije aluminijum hidroksida sa dodatim 
fluoridima izvršena je na Derivatographu 1500 (MOM, Budapest), a 
temperatura nastajanja alfa-Al2O3 MH�SUDüHQD�SRPHUDQMHP�HJ]RWHUPQRJ�SLND�NDUDNWHULVWLþQRJ�]D�RYDM�SURFHV��.DUDNWHUL]DFLMD�RYDNR dobijene kalcinirane JOLQLFH�YUãHQD� MH�;5'�DQDOL]RP� L� ,5�VSHNWURIRWRPHWULMRP��þLML� VH� UH]XOWDWL�
prezentuju u ovom radu. 
 
[1] N.ŠWUEDF��'RNWRUVND�GLVHUWDFLMD��7HKQLþNL�IDNXOWHW�%RU������� 
[2] /�$�3DãNHYLþ�HW�DO���&YHW�0HWDO��������������� 
[3] K.Nakamoto, Infrared spectra of Inorganic Coordination Compounds, Willey-  
 Interscience, New York, 1963. 
 




