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THE X-RAY CRYSTAL STRUCTURE DETERMINATION OF THE
MJRELB — MJRELE PROTEIN COMPLEX

Porde Francuski®, Wolfram Saenger”

“Institute of Molecular Genetics and Genetic Engineering, Vojvode Stepe 444a, 11010
Belgrade, Serbia, "Institut fiir Chemie und Biochemie-Kristallographie, Freie Universitcit
Berlin, Takustr. 6, 14195 Berlin, Germany;

e-mail: djordjef@imgge.bg.ac.rs

The structure determination of macromolecules poses specific requests on
crystallization, data collection, phase problem solution and structure refinement. Here we
present the X-ray crystal structure determination of the MjRelB — MjRelE [1] protein
complex with the multiple isomorphous replacement with anomalous signal (MIRAS)
method for phase problem solution.

MjRelE protein belongs to the RelE toxin family which is spread in many bacterial
species. These toxins act on translating ribosomes and have, depending on the organism, the
role as a fast metabolic switch or act in conjunction with extra chromosomal DNA
maintenance mechanisms [2]. The antitoxin MjRelB prevents the toxin from interacting
with the ribosome and the mRNA by tightly binding to the toxin. The interplay between
toxin production and antitoxin binding to the toxin is a sensitive equilibrium on which the
survival of the bacterial cell is linked. Disrupting this equilibrium leads to bacterial cell
death and is therefore a potential target for a new type of antibiotics. The three dimensional
structure of this protein complex is the first step towards new antimicrobial compounds.

Three datasets from three different crystals of MjRelB — MjRelE protein complex
were used to obtain all the necessary data: native (from the pure protein crystal); derivative
with Mercury (recorded at the X-ray absorption edge of Hg); and derivative with Platinum
(recorded at the X-ray absorption edge of Pt).
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Crystal packing of the MjRelB — MjRelE protein complex in two projections

[1] D. Francuski & W. Saenger, Journal of Molecular Biology, 393 (2009), 898-908

[2]J. Alonso, D. Balsa, I. Cherny, S. Christensen, D. Francuski et al. In R. A. Bonomo, &
M. E. Tolmasky (Eds.), Enzyme-Mediated Resistance to Antibiotics: Mechanism,
Dissemination, and Prospects for inhibition, pp. 313-329.



RENDGENSKA STRUKTURNA ANALIZA KRISTALNE
STRUKTURE MJRELB — MJRELE PROTEINSKOG KOMPLEKSA

Porde Francuski®, Wolfram Saenger”

“Institut za Molekularnu Genetiku i Geneticko Inzenjerstvo, Vojvode Stepe 444a, 11010
Beograd, Srbija; "Institut fiir Chemie und Biochemie-Kristallographie, Freie Universitiit
Berlin, Takustr. 6, 14195 Berlin, Nemacka

e-mail: djordjef@imgge.bg.ac.rs

Odredivanje strukture makromolekula postavlja specificne zahteve za
kristalizaciju, prikupljanje podataka, reSavanje faznog problema i utacnjavanje strukture.
Ovde predstavljamo rendgensko strukturno odredivanje kristalne strukture MjRelB —
MjRelE [1] proteinskog kompleksa pomocéu visestruke izomorfne zamene sa anomalnim
signalom (MIRAS) tehnike za reSavanje faznog problema.

MjRelE protein pripada RelE proteinskoj familiji toksina koji su raSireni u mnogim
bakterijskim sojevima. Oni deluju na ribozome u procesu translacije i zavisno od soja iz
koga poticu, vrSe funkciju brzog metabolickog prekidaca ili pak funkcioniSu u sklopu
mehanizama odrzavanja ekstra-hromozomalne DNK [2]. Njegov antitoksin MjRelB ga
svojim vezivanjem sprecava u vezivanju sa ribozomom i iRNK te na taj nacin deaktivira.
Odrzavanje osetljive ravnoteze izmedu proizvodnje toksina i vezivanja antitoksina za njega
je presudna za dalje odrzavanje bakterijske ¢elije. Remecenje ove ravnoteze dovodi do smrti
bakterijske celije te stoga predstavlja potencijalnu metu za nove klase antibiotika, a
odredivanje strukture ovog proteinskog kompleksa je prvi korak ka tom cilju.

Tri skupa podataka, svaki sa drugog kristala MjRelB — MjRelE proteinskog
kompleksa, je bilo neophodno za reSavanje faznog problema: nativni (samo proteini AjRelB
i MjRelE); derivatni sa zivom (prikupljeni na absorpcionoj ivici za Hg); i derivatni kristali
sa platinom (prikupljeni na absorpcionoj ivici za Pt).

b)
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Kristalno pakovanje MjRelB — MjRelE proteinskog kompleksa u dve projekcije

[1] D. Francuski & W. Saenger, Journal of Molecular Biology, 393 (2009), 898-908.
[2]J. Alonso, D. Balsa, I. Cherny, S. Christensen, D. Francuski et al. In R. A. Bonomo, &
M. E. Tolmasky (Eds.), Enzyme-Mediated Resistance to Antibiotics: Mechanism,
Dissemination, and Prospects for inhibition, pp. 313-329.



TITANIUM PHOSPHATE HYBRID MATERIALS
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Metal salts of phosphoric acid have been known for over a century. However,

research on layered metal phosphates, and their relatives, only began in the late 1950’s,
when some of these salts found applications as cation exchangers for the treatment of
radioactive waste streams. In 1964, was obtained the first crystalline such compound, o-
Zr(HPOy),'H,O, which allowed a better understanding of their layered structure and
chemical reactivity. Although only two crystalline forms of layered titanium phosphates are
known, a-Ti(HPO,),"H,O and y-Ti(H,PO4)(PO4)-2H,O, many derivatives have been
reported, including partially and completely substituted ion-exchanged forms and
intercalation compounds. Surprisingly, the y-layered titanium phosphate is less studied than
the a-phase, even though the y-layers are more rigid, thicker, acidic and amenable to
intercalation processes. This is probably due to the fact that the structure of the y-phase was
only theoretically proposed. Now, we revise the structural and thermal data of the p~titanium
phosphate, using a combination of scientific methods that had never been applied jointly to
explore and clarify the thermal decomposition behaviour of this material [1].
Although monoalkylamines are usually employed as templates for the synthesis of titanium
phosphate metastable phases, the structural features of y-titanium phosphate alkylamine-
intercalated compounds only recently have been reported [2]. Key to the full elucidation of
the structure of the materials was the combination of XRD and NMR evidence with
theoretical calculations of "H NMR chemical shifts. In this way, and in particular, it was
possible to: i) assign all '"H NMR resonances; ii) identify an unusual strong hydrogen bond
bridging between the y-titanium phosphate layers; and iii) establish the location/orientation
of the guest alkylamine molecules in the interlayer space.

Since the great success of carbon nanotubes in 1991, interest in low-dimensional
nanomaterials has fuelled a spectacular and unusual activity. Nowadays the nanotubes are
not only made of carbon but also of inorganic materials, many of which are related with
previously well-known layered structures. Organic-inorganic hybrid nanotubes based on the
y-titanium phosphate structure spaced with trialkylamines have been prepared by using
microemulsion-mediated solvothermal and microwave-assisted methods. The interlayer
distance in the inorganic sheets of the nanotube can be controlled by both the alkyl chain
length and the amount of the amine template. All nanotubes obtained are open-ended with
concentric cylinders, i.e., layers that fold and close within themselves. The possible
reason for having this morphology seems to be related to the combination of two factors: i)
the interaction between the nitrogen of trialkylamine molecules and the hydrogen belonging
to inorganic skeleton that seeks to be maximum, and #i) the pseudo-conical geometry of the
trialkylamine molecules that limits the number of accessible acid centers. In this way, the
number of H-N links will depend on the length of the alkyl chain [3].
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In conclusion, studies using diffraction methods in tandem with high-resolution
NMR spectroscopy should provide valuable information on the local environment in the
inorganic-organic materials, including new y-titanium phosphate based nanotubes.

[1] S. Garcia-Granda, S. A. Khainakov, A. Espina, J. R. Garcia, G. R. Castro, L. Mafra, C.
Coelho, J. Rocha, Inorg. Chem., 49(6) (2010), 2630-2638.

[2] L. Mafra, J. Rocha, C. Fernandez, G. R. Castro, S. Garcia-Granda, A. Espina, S. A.
Khainakov, J. R. Garcia, Chem. Mater., 20 (2008), 394.

[3] J. A. Blanco, S. A. Khainakov, O. Khainakova, J. R. Garcia, S. Garcia-Granda, Phys.
Status Solidi C. DOI: 10.1002/pssc.200881701. (2009).



PAIR-DISTRIBUTION FUNCTION OF AB-INITIO MOLECULAR
DYNAMICS GENERATED Se-CLUSTERS IN NdY ZEOLITE
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The regular porous structure provided by an alumino-silicate structure, specifically
a zeolite of the neodymium-Y (NdY) type, constitute an ideal template to tailor the
nanostructures of selenium (Se) as it has been done with other species [1], yielding a
structure that differs from its bulk counterpart. Pores in the NdY zeolite are spherical and in
the nanometer range, 13 Angstroem. By constraining the size of the Se structures within the
nanometer range it is expected to bring about different physical properties, as it is actually
observed in the optical spectral response of the nanoclusters during absorbance analysis,
where a shift toward longer wavelength was recorded.

Typically the crystalline structure manifests itself as a long-range feature in an X-
ray diffraction profile and the intense and well-defined Bragg peaks allow its accurate
analysis. The long-range order aspect of Se in NdY zeolite was studied by means of high
energy X-rays, 41 keV, from a synchrotron storage ring in a setup that enabled recording an
extended angular range up to 110 degrees. Rietveld analysis allowed the extraction of an
initial set of atomic positions that describe the average long-range order. Such information
served as starting point for pair-distribution function (PDF) analysis that is able to reveal not
only the long-range but also the short-range order, particularly local distortions that may
comprise cluster topological variations together with their statistical occupancy distribution
[2]. The PDF technique, developed to study disordered matter, as is the case of liquids and
gases, and in contrast with the Rietveld method, takes all scattered information into account,
that is, including also the low intensity diffuse scattering which reflects local distortions,
besides the Debye-Waller factor, also susceptible of modeling during Rietveld analysis, as is
well known. Thus after all appropriate corrections, Fourier transforming the entire profile
and via customary analysis of the real-space radial profile it is possible to disclose any
statistical short-range order simultaneously with the long-range order, complementing the
overall investigation. To shed further light into the system, we have also resorted to using
ab-initio molecular dynamics to generate stable clusters bearing a ring topology as a



precursor, that tend to satisfy the spatial boundary pore conditions provided by the rigid
template constituted by the zeolite. Those initial ring-like clusters are relaxed to achieve
conditions of minimum energy by introducing bond-length and bond-orientation changes. It
is to be noted that all available pores in the zeolite are not fully populated, but only about
30% of them, an aspect that has to be taken into consideration since it has implication of
statistical occupancy that affect the diffuse scattered intensity, as indicated above. The
clusters are then integrated into the zeolite and the overall structure is modeled to yield a
diffraction pattern that is compared against the one experimentally obtained. Some
preliminary results are shown that highlight coordination tendencies.

[1]. A. M. M. Abeykoon, M. Castro-Colin, E. V. Anokhina, M. N. Iliev, W. Donner, A. J.
Jacobson, and S. C. Moss. Phys. Rev. B, 77 (2008), 075333.

[2]. A. M. M. Abeykoon, W. Donner, M. Brunelli, M. Castro-Colin, A. J. Jacobson, and S.
C. Moss. J. Am. Chem Soc. 131 (2009), 13230.
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The crystal structure of a new synthetic Nag ,Alg ,Sig,, O3, (= 0.15) modification
[1] is monoclinic with space group symmetry P112;, a=9.9897(6), b=9.9622(6),
c=24979(2) A, and y=119.788(4) °. The phase was named monoclinic trinepheline
because the length of its ¢ lattice parameter is 3% the length of the ¢ parameter in nepheline,
whereas the a parameter is almost the same in both structures, similarly to a previously
investigated trinepheline of hexagonal symmetry [2]. The structure of monoclinic
trinepheline can be described as a consecutive stacking of basic nepheline [3] like modules
(containing two tetrahedral sheets) and one sheet corresponding to those observed in the
hexagonal trinepheline structure [2].

When heated to 373(5) K, monoclinic trinepheline transformed to hexagonal
symmetry (S. G. P6;, a=9.969(1), ¢ =25.056(2) A, V'=2156.4(4) A%), i.e., the tripling of
the ¢ lattice constant is retained. However, the superlattice reflections responsible for the
tripling were very weak resulting in a higher final R value. The average structure of this
phase corresponds to that of a conventional pure sodium nepheline with P6;-symmetry [4].
The tripling of the ¢ lattice parameter of the high-temperature modification is due to
ordering phenomena of one apical oxygen and one sodium ion situated in a ditrigonal ring
close to the 6; screw axis. Upon further heating the order is averaged and at 473(5) K the
crystal structure corresponds to that of conventional nepheline (S. G. P63, a =9.977(2),
c=8.354(2) A, ¥=720.2(2) A?). The same structure is retained until 873(5) K where the
following unit cell parameters are observed: a = 10.057(2), ¢ = 8.380(2) A, V="734.0(2) A*.

A new synthetic Nag ,Alg ,Sig., O3, (= 0.48) modification is characterized by the
simultaneous occurrence of (a) incommensurate satellite reflections [5] and (b)
commensurate superstructure reflections pointing to a tripling of the unit cell parameter c.
Following these observations the data set was integrated with three different approaches: as
a classic nepheline structure (corresponding to an average structure), as a hexagonal
trinepheline, and as an incommenurately modulated nepheline. The average basic nepheline
structure was refined to an R-index of 0.024 in space group symmetry P6;. In spite of very
long exposure times to X-ray radiation, only a small portion of the sharp superstructure as
well as satellite reflections had statistically significant intensities [/ > 26([)].

In a previous work [6] the product of the thermal transformation of zeolite Na-LTA
has been described as a standard nepheline. TEM investigations conducted on the
synthesized powder material proved the presence of a structure with tripled ¢ unit cell



parameter compared to that in classical nepheline. Comparison of the theoretical X-ray
powder diagrams of all the known trinepheline compounds to the experimental powder
pattern lead to the conclusion that it is actually mixture of two phases. Rietveld refinement
against XRPD data as binary mixture of classical Na-nepheline [4] and monoclinic
trinepheline resulted [1] in a significantly better agreement between calculated and observed
step intensities.

Ten nepheline single crystals from five different localities representing rocks from
nepheline-syenite pegmatites to urtite, ijolite and cancrinite-ijjolite were investigated
chemically and structurally. The chemical compositions were determined by electron
microprobe, whereas the crystal structures were refined against X-ray diffraction data to R
values of 0.022-0.031. In all cases the crystal structures conformed to space group P6;, but
at the same time all crystals produced some satellite reflections testifying to the modulation
effects in their structure.

[1] P. Vuli¢, V. Kahlenberg, J. Konzett, Am. Mineral., 93 (2009), 1072-1079.

[2] V. Kahlenberg, H. Boechm, Am. Mineral., 83 (1998), 631-637.

[3] T. Hahn, M.J. Buerger, Z. Kristallogr., 106 (1955), 308-338.

[4] B. Hippler, H. Bohm, Z. Kristallogr., 187 (1989), 39-53.

[5] T.G. Sahama, Am. Mineral., 43 (1958), 165-166.

[6] R. Dimitrijevi¢, V. Dondur, P. Vuli¢, S. Markovié, S. Macura, J. Phys. Chem. Solids, 65
(2004), 1623-1633.
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Kristalna struktura nove sinteticke Nag ,Alg ,Sig:, O3, (= 0,15) modifikacije [1] je
monoklinicne  simetrije, prostorna grupa P112;, @ =9,9897(6), b=29,9622(6),
c=24,979(2) A iy=119,788(4) °. Jedinjenje je nazvano monoklini¢ni trinefelin zato §to je
c-parametar tri puta duzi od c-parametra nefelina, dok je a-parametar gotovo isti u obe
strukture, sli€no ranije ispitivanom trinefelinu heksagonalne simetrije [2]. Struktura
monoklini¢nog trinefelina moze se opisati kao uzastopno slaganje jediniéne celije nefelina
[3] (koji sadrzi dva tetracdarska sloja) i sloja koji odgovara heksagonalnom trinefelinu [2].

Zagrevanjem do 373(5) K monoklini¢ni trinefelin se transformiSe u heksagonalnu
simetriju (P. G. P6,, a =9,969(1), ¢ =25,056(2) A, V =2156,4(4) A*). Pri tome je trostruko
veéi parametar jedini¢ne Celije ¢ o¢uvan. Medutim, superstrukturne refleksije su veoma
slabih intenziteta $to je rezultovalo viSom krajnjom R-vredno$¢u. Srednja struktura ove faze
odgovara cCistom natrijumskom nefelinu simetrije P6; [4]. Tri puta veéi parametar c
visokotemperaturne modifikacije je posledica uredenja jednog apikalnog kiseonika i
natrijuma koji se nalazi blizu zavrtanjske ose 6, u ditrigonalnom prstenu. Pri daljem
zagrevanju pomenuti atomi vise nisu uredeni i na 473(5) K kristalna struktura odgovara
konvencionalnom nefelinu (P. G. P65, a =9,977(2), ¢ =8,354(2) A, V'=720,2(2) A%). Isti
tip strukture je ocCuvan i do 873(5)K sa slede¢im parametrima jediniéne Ccelije:
a=10,057(2), c =8,380(2) A, V'="734,02) A°.

Nova sinteticka Nag_,Alg_,Sig., O3, (r = 0,48) modifikacija istovremeno pokazuje (a)
satelitske refleksije [5] neproporcionalno modulisane strukture i (b) superstrukturne
refleksije koje su posledica tri puta veceg parametra c. Zbog toga su eksperimentalni podaci
integrisani u tri grupe: kao klasi¢na (srednja) struktura nefelina, kao heksagonalni trinefelin
i kao neproporcionalno modulisani nefelin. Srednja osnovna struktura nefelina uta¢njena je
do R-indeksa 0,024 u prostornoj grupi P6;. Uprkos veoma dugom vremenu izlaganja
rendgenskom zracenju veoma mali deo oStrih superstrukturnih i satelitskih refleksija
izmeren je sa statistiki znacajnim intenzitetima [/ > 20(/)].

U prethodnom radu [6] proizvod termalne transformacije zeolita Na-LTA opisan je
kao standardni nefelin. TEM ispitivanja sintetisanog polikristalnog materijala pokazala su
prisustvo strukture sa tri puta ve¢im parametrom c¢ u poredenju sa klasiénim nefelinom.
Poredenjem teorijskih rendgenskih dijagrama praha svih poznatih struktura trinefelina sa
izmerenim dijagramom praha zakljuceno je da je sintetisani materijal meSavina faza. Podaci
su utac¢njavani Ritveldovom metodom kao binarna mesavinu klasicnog Na-nefelina [4] i
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monoklini¢nog trinefelina [1]. Dobijeno je znatno bolje slaganje izmedu izracunatih i
izmerenih intenziteta.

Deset monokristala nefelina iz pet razlicitih lokaliteta ispitani su hemiski i
strukturno. Monokristali su izdvojeni iz stena tipa nefelin-sijenitskih pegmatita, urtita, ijolita
i kankrinit-ijolita. Hemijski sastav utvrden je elektronskom mikrosondom. Kristalne
strukture su utacnjene iz podataka dobijenih rendgenskom difrakcijom do R-vrednosti
0,022-0,031. U svim slucajevima kristalne strukture imaju simetriju P6;. U isto vreme, svi
kristali pokazuju satelitske refleksije ukazujuci na efekte modulacije u strukturi.

[1] P. Vuli¢, V. Kahlenberg, J. Konzett, Am. Mineral., 93 (2009), 1072-1079.

[2] V. Kahlenberg, H. Boehm, Am. Mineral., 83 (1998), 631-637.

[3] T. Hahn, M. J. Buerger, Z. Kristallogr., 106 (1955), 308-338.

[4] B. Hippler, H. Bohm, Z. Kristallogr., 187 (1989), 39-53.

[5] T.G. Sahama, Am. Mineral., 43 (1958), 165-166.

[6] R. Dimitrijevi¢, V. Dondur, P. Vuli¢, S. Markovié, S. Macura, J. Phys. Chem. Solids, 65
(2004), 1623-1633.
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CRYSTAL-CHEMICAL INVESTIGATIONS OF ALKALINE EARTH
HYDROGEN ARSENATES AND THEIR POTENTIAL
IMPLICATIONS FOR SOIL REMEDIATION

T. Pordevié

Institut fiir Mineralogie und Kristallographie, Geozentrum, Universitit Wien,
Althansstrasse 14, A-1090 Vienna, Austria
e-mail: tamara.djordjevic@univie.ac.at

Arsenic is known to be one of the most toxic elements in nature. It may occur in 4 oxidation
states: -III, 0, Il and V and is naturally released in the environment by weathering and
volcanism. However, its most important source is industrial activity. Arsenites (AsO;>) and
arsenates (AsO,”) are the most prevalent forms of arsenic in natural surface environments
such as soils and waters. However, mobility and bioavailability of As depend on its
speciation both in solutions and in solids. For example, arsenates are less mobile and toxic
than arsenites but sorb more strongly [1 and references therein].

A better knowledge of As immobilization mechanism in natural and experimental
systems, is necessary to develop remediation process. Due to the difference in sorption
efficiency, and in toxicity between arsenite and arsenate remediation processes often
suggest immobilizing As in its highest oxidation state. However, arsenates are insufficiently
studied, and their crystal-chemical behaviour and stability fields are often unknown. No
matter what the origin of the arsenates in the soils, the identification of its presence is
essential. Secondary minerals, which may form in soils, are usually dependent upon the
availability of cations in the soils. Often the cations of iron, calcium and magnesium are the
available cations. It is important, therefore, to study potential arsenates of these and related
metals.

The comprehensive crystal-chemical study on synthetic arsenate compounds in the
system M*'—~As—-O-H (M*" = Sr, Ba) yielded four compounds with unknown structural
features: three new structure types, Srs(As;O07),(AsO;0H) [2], p-Ba(AsO;0H), (in
preparation), and Sr(AsO;OH) [3] and one already known structure type a-Ba(AsO;OH) [3].
The arsenate compounds were synthesized under hydrothermal conditions in Teflon-lined
stainless steel autoclaves at 493 K under autogeneous pressure (2 - 3 days, pH = 5.5 - 6.5).
The compounds were analyzed using scanning electron microscopy with EDX analysis,
single-crystal X-ray diffraction, and partly by infrared and Raman spectroscopy.

The financial support of the Austrian Science Foundation (FWF) (Grant T300-N19) is
gratefully acknowledged.
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3970.
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14


mailto:j.stojanovic@itnms.ac.yu

KPUCTAJOXEMHNJCKA UCIIUTUBAIbBA
XNJIPOI'EHAPCEHATA 3EMHOAJIKAJIHUX METAJIA "1
MOI'YRHOCT BbUXOBE IPUMEHE 3A PEME/IUJAIIAJY

3EMJBMIIITA
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ApceH, jeqaH oj HajlIO3HATHjUX OTPOBA, jaBJba C€ Y YETUPU OKCHIALUOHA crama: -1l1,
0, III u V. Y mpupoau ce ocnobaha ByITKaHU3MOM M MOBPIIMHCKUM pacmagameM. Mmak,
HajBehie KONMYMHE apceHa MOTHYY OJ HEroBe IIMPOKE HHAYCTPHjCKE NpUMEHE. Y
3EMJBMINTY U BOJM HAjpaclpOCTParbeHHje Cy CONM apceHa, apcenntn (AsOs”) U apceHaT
(AsO,”). TIpHCYCTBO M TOKDET/BHBOCT apceHa 3aBhce 01 (OpPMHpama FCrOBUX
CeKYH/IapHUX jeJIM-EHha Y PacTBOPUMA M 3€MJBHIITY. ApCceHATH Cy HIIP. Mambe MOOWIHU U
Mamke OTPOBHM HEr0 apCeHWTH, M Cy 3aTo MHOro 0oJpM copOeHTtH [l M umTHpaHa
auTeparypal.

Panmyu ycnemne pemeanjanyje apceHa, HEONMXOIHO je KOHCTAaHTHO PaJUTU Ha HETOBO]
MMOOMIIN3AINjH KaKO M3 MPHPOTHIX TaKO M M3 BEIITAYKUX CHCTeMa. 300r Beh HariameHe
pa3iHKe y CBOjCTBMMA M TOKCHMYHOCTH HM3Mel)y apceHHWTa W apceHaTa, 3a MMOOWIM3aLujy
apceHa yIrJIaBHOM Ce KOPUCTE apCeHaTH. YTIPKOC TOME KPUCTAJIOXEMHja apCceHaTa i lbHXOBE
obmacti cTaOMITHOCTH Cy HEZOBOJHHO MpoydaBaHd. be3 003upa Ha HBUXOBO TOPEKIO Y
3eMJBUINTY HEOMXOHA je TauyHa WIACHTHU(HUKAIM]a MojequHayHux apcenara. Koju hie ce ox
CeKyHJIapHHX MUHepalia apceHa (OpMHUpATH 3aBHCH IIPE CBETa O]l IOCTYTHOCTH Pa3InduTHX
KaTjoHa y 3emJbMInTy. HajpacnpocTpambeHHju KaTjoHH y 3eMJbMINTHMAa Cy TBOX)e,
KaIIUjyM M MarfHe3ujyM. 300r Tora je HEOIXOJHO NPOYy4aBame apceHaTa OBHX WM HhHMa
XEMH]jCKH CIIMYHHX €IeMeHaTa.

V TOKy KPHCTATOXEMH]CKMX HCIHTHBama cuctema M° —As—-O-H (M*" = Sr, Ba)
nobujeHe cy derupu cyncranue: Srs(As;07),(AsO;0H) [2], y-Ba(AsO;0H) (pykomuc y
mpuripemu) U Sr(AsO;OH) [3] koju KpucCTamumry Kao HOBH THIIOBH CTPYKTypa H O-
Ba(AsO;0H) [3] xoju uma Beh mo3Hatu THIl CTpyKType. CBEe YeTHpH CYIICTaHIE TOOHjeHe
Cy METOIOM XHIpOoTepMallHe CHHTe3e (Te(IOHCKH Cy., YeMUdHU ayTokias, 493 K, 2 - 3
nana, nodyetnn pH = 5,5 - 6,5) u ucnuraHe MeToOM peHAreHcke nudpakuuje Ha
MOHOKpPHCTAIIy W JEIMMHUYHO HH(paupBeHOM n Paman cnekrpockonmjoMm. KamuratuBHa
XxeMujcka aHaimza palena je Ha ckanupajyheM enekTpoHCKOM MUKpockoiy ca EDX-om.

Aymop oeoe pada 3axsanyje Hayunom gondy Penyonuxe Aycmpuje (FWF) (Ilpojexam
T300-N19).

[1] F. Juillot, Ph. Ildefonse, G. Morin, G. Calas, A. M. de Karsabies, M. Benedetti, Appl.
Geochem., 14 (1999), 1031-1048.
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AIR POLLUTION EFFECTS ON THE BLACK CRUST ON THE
STONE MONUMENTS SURFACE IN THE URBAN ENVIROMENT

S. Eri¢?, V. Matovi¢?, A. Kremenovié¢®

“University of Belgrade, Faculty of Mining and Geology, Belgrade, Pusina 7
e-mail: suzanaeric@yahoo.com

All stone monuments are showing evidence of some form of decay under the
influence of various physical, chemical and biological factors through time. The intensity
and the form of decay depend on the type of stone substrate and on the surrounding
environment. For the construction of cultural monuments in Belgrade, most frequently were
used soft, highly porous limestone and sandstone with carbonate cement — i.e. the most
vulnerable and the most susceptible rocks to effects of an urban atmosphere. One of the
fairly common degradation forms in urban areas is the development of black crusts.

The main pollutants are products of combustion of solid, liquid and gaseous fuels,
whereas the main broadcasters are power plants and traffic. The increasing combustion of
fossil fuels along with diesel engines during the last few decades decreased the amount of
sulfur dioxide (SO,), while nitrogen compounds (NOy), elemental carbon and carbon
compounds (carbonates, alkanes and alkenes), common components in the air, became more
significant accelerating and taking place in black crusts over the monument facades.

Interaction between urban aerosol and limestone/sandstone built in monuments in
Belgrade is shown through mineralogical-morphological properties and mechanism of black
crust formation on the cultural monuments of Belgrade Fortress, on Bajrakli mosque fagade
and on the monument of "Belgrade liberators in 1944".

Effects of black crusts formed in limestone or sandstone built in monuments are
dual: a) aesthetic, represented with complete stone discoloration and b) physicochemical,
expressed through destruction of stone substrate. In initial stage, black crust developed
through accumulation of pollutants and dusts over stone facade that is sheltered from the
natural rain-wash. Accumulated deposit enforced by moisture from the air is hardening and
stronger grasping for the stone through time. Results of SEM-EDS and X-ray powder
diffraction analysis revealed that black crusts almost regularly contain gypsum —
CaS0,4-2H,0, beside products of fuel burning, calcite and glassy globules. Gypsum was
formed through interaction between substrate and airborne sulfur compounds. As the
formed crust has a higher porosity than the stone substrate it permits larger incorporation of
fly ash, soot and some other particles increasing simultaneously active surfaces for
deposition of carbon compounds. Of special importance is syngenite — K,Ca(SO,),'H,O,
observed inside the investigated black crust beside regular and expected gypsum. The
source of required potassium for syngenite formation could be linked to transformation of
feldspar — KAISi;Og grains present from mortar, while its crystallization should be directly
(1) or indirectly (2) on account the already formed gypsum.

CaCO3 + 2H2$O4 + K2C03 + HzO i cha(SO4)2'H20 + 2H2CO3 (1)
CaSO4-2H20 + KzSO4 g cha(SO4)2'H20 + H20 (2)

Despite the type of black crust constituents, the above mentioned salts entering into the pore
system cause aesthetic degradation along with physicochemical destruction
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Kamen ugraden u kulturno istorijske spomenike vremenom podleze razlicitim
vidovima raspadanja, pod uticajem fizickih, hemijskih i bioloskih faktora. Forme i intenzitet
raspadanja zavise kako od tipa kamenog substrata tako i od sredine koja ga okruzuje. U
izgradnji kulturne bastine Beograda najcesce su koris¢eni mekani, veoma porozni kre¢njaci
i pescari sa karbonatnim cementom — litotipovi najosetljiviji i najpodlozniji agresivnom
dejstvu urbane atmosfere. Jedan od vidova degradacije pod uticajem urbane atmosfere ovih
litotipova je formiranje crnih kora.

Glavni zagadivaci urbane atmosfere su produkti sagorevanja cvrstih, tecnih i
gasovitih goriva, a osnovni emiteri su termoelektrane i saobracaj. Poslednjih decenija sve
veca upotreba tecnih i gasovitih goriva i dizel motora, inicirala je trend opadanja SO,, ali
azotna jedinjenja (NOy), elementarni ugljenik i jedinjenja ugljenika (karbonati, alkani i
alkeni), redovni sastojci atmosfere, dobijaju sve veci znacaj kao katalizatori i konstituenti
crnih kora na fasadama spomenika.

Interakcija urbanih aerosoli i kre¢njaka/pescara ugradenih u spomenike Beograda
prikazana je kroz mineralosko-morfoloska svojstva i mehanizam nastajanja crnih kora na
kulturnim spomenicima Beogradske tvrdave, fasade Bajrakli dzamije i spomenika
,,Oslobodiocima Beograda 1944,

Alteraciono dejstvo crnih kora na ugradene krec¢njake i peScare Beogradskih
spomenika je dvojako: a) estetsko, jer u potpunosti vrsi dekoloraciju spomenika i b) fizi¢ko-
hemijsko, jer izaziva destrukciju supstrata. Kore se u pocetnom stadijumu obrazuju
akumuliranjem zagadivaca i praSine na fasadni kamen, koji je zaklonjen od prirodnog pranja
kiSnicom. Deponovani talog uz sadejstvo atmosferske vlage vremenom otvrdnjava i sve
¢vrsée prijanja za povrSinu kamena. Rezultati SEM-EDS i rendgenske difrakcione analize
polikristalnih uzoraka pokazuju da je u crnim korama, osim produkata sagorevanja goriva,
kalcita i staklastih globula, redovan konstituent gips — CaSO,42H,0, koji je proizvod
interakcije supstrata i sumpornih jedinjenja iz atmosfere. Formirana kora ima vecu
poroznost od podloge tako da u vecCoj meri inkorporira pepeo, ¢ad i druge Cestice
istovremeno povecéavajuci aktivnu povrSinu za dalje deponovanje ugljenikovih jedinjenja.
Osim gipsa u ispitivanim crnim korama konstatovano je 1 prisustvo singenita —
K,Ca(S0y4),'Hy0. Izvor kalijuma za formiranje singenita u crnim korama moze se vezati za
transformaciju feldspata — KAISi;Og poreklom iz maltera, dok se kristalizacija singenita
moze vrsiti direktno (1) ili indirektno (2) na racun ve¢ formiranog gipsa:

CaCO; + 2H,S04 + K,CO; + H,0 — K,Ca(SO4),-H,0 + 2H,CO, @)
CaSO4-2H20 + KzSO4 g cha(SO4)2'H20 + H20 (2)

Bez obzira na vrstu konstituenta crnih kora, ove soli osim estetske degradacije, svojim
ulaskom u porni sistem kamena vrse i fizicko-hemijsku destrukciju kamena.
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Because of the damaging effects of reactive oxygen species (ROS) such as hydrogen
peroxide, hydroxyl radical and superoxide anion, all cells maintain an antioxidant defense
system that includes antioxidant enzymes, as well as non-enzyme antioxidants (glutathione,
vitamins, etc). When there is an imbalance between ROS production and the antioxidant
system, a situation of oxidative stress is established [1]. Many investigators have proposed
that estrogens are important brain protectors, because of their antioxidant activity in
neurons. Studies in vitro [2] and in vivo [3] have shown that high, non-physiological doses
of estradiol are neuroprotective. Possible antioxidant properties of the novel derivatives of
estradiole, testosterone, dehydroepi-androsterone and androstenedione were examined [4].
On the other hand, many steroidal compounds and salicylic acid derivatives exhibit
cytotoxicity against PC-3 (prostate cancer cells), MCF-7 (human breast adenocarcinoma
ER+cells), MDA-MB 231 (human breast adenocarcinoma ER-cells) and other tumor cell
lines [5, 6].

In order to investigate their antioxidant and cytotoxic activities of steroidal salicylic acid
derivatives we synthesized mono-, and bis-salicyloyl derivatives of different estrone and
androstene series. Structures of four of these compounds: 3-methoxy-17p-salicyloyloxy-
estra-1,3,5(10)-triene (1), 17B-salicyloyloxy-19-nor-4-androstene-3-one (2), 17B-(2-
methoxybensoyloxy)-5a-androstane-3-one (3) and 3B-salicyloyloxy-24f-ethylcholesta-5,22-
diene (4) were confirmed by X-ray structural analysis.

The antioxidant activity and cytotoxicity of the synthesized derivatives were evaluated in a
series of in vitro tests. The newly synthesized compounds exhibited mostly citotoxic activity
against the MDA-MB 231 cells.

[1] L Fridovich, J. Exp.Biol. 201 (1998), 1203-1209.

[2] H. Vedder, N. Anthes, G. Stumm, C. Wiirz, C. Behl, J-C Krieg, J. Neurochem. 72
(1999), 2531-2538.

[3] R.Rontu, T. Solakivi, K. Teisala, T. L. Ki, R. Punnonen, H. Jokela, Free Radic. Res. 38
(2004), 129-173.

[4] W.Klinger et al, Toxicology Letters. 128 (2002), 129-144.

[5] M. Ali, N. Ahmed, G. Tessiler, J. van Lier, Bioorg. Med. Chem. Lett. 16 (2006), 317.

[6] M. Valko, D. Leibfritz, J. Moncol, M. T. D. Cronin, M. Mazur, J. Telser, The
International Journal of Biochemistry & Cell Biology 39 (2007), 44-84.
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Zbog destruktivnog efekta reaktivnih kiseoni¢nih radikala kao S$to su, vodonik-peroksid,
hidroksilni radikali i superkiseoni¢ni anjon, ¢elije teZe da odrZe svoje antioksidantne sisteme
§to ukljucuje antioksidantne enzime kao i1 neenzimske antioksidante. Kada postoji
neravnoteza izmedu produkcije reaktivnih kiseoni¢nih radikala i aktivnosti antioksidantnog
celiskog sistema, dolazi do situacije koju zovemo oksidantni stres [1]. Mnoga dosadaSnja
istrazivanja su pokazala da estrogeni imaju antioksidantnu aktivnost posebno kada su u
pitanju neuronske c¢elije. Studije in vitro [2] 1 in vivo [3] su pokazale da su visoke,
nefizioloske doze estradiola neuroprotektivne. Antioksidantne osobine novosintetisanih
derivata estradiola, testosterona, dehidroepiandrosterona i androstendiona su takode
ispitivane [4]. Sa druge strane mnoga steroidna jedinjenja kao i neki derivati salicilne
kiseline pokazuju citotoksi¢nu aktivnost u odnosu na PC-3 (¢elije raka prostate), MCF-7
(¢elije humanog adeno karcinoma dojke ER+¢elije), MDA-MB 231 (¢elije humanog adeno
karcinoma dojke ER-¢elije) i druge tumorozne ¢elije [5, 6].

Da bismo ispitali antioksidantnu i citotoksi¢nu aktivnost nekih steroidnih derivata salicilne
kiseline, sintetisano je viSe mono- i bis-derivata salicilne kiseline iz razli¢itih estranskih i
androstanskih  serija. Strukture Cetiri novosintetisana jedinjenja: 3-metoksi-17f-
-saliciloiloksi-estra-1,3,5(10)-trien (1), 17B- saliciloiloksi-19-nor-4-androsten-3-on (2), 17p3-
-(2-metoksibenzoiloksi)-5a-androstan-3-on (3) i 3B-saliciloiloksi-24B-etilholesta-5,22-dien
(4) su potvrdene strukturnom rendgenskom analizom. Antioksidantna i citotoksi¢na
aktivnost novosintetisanih derivata je odredena u nizu in vitro testova. Ova jedinjenja su
pokazala uglavnom blagu citotoksi¢nu aktivnost prema MDA-MB 231 ¢elijama.

[1] L Fridovich, J. Exp.Biol. 201 (1998), 1203-1209.

[2] H. Vedder, N. Anthes, G. Stumm, C. Wiirz, C. Behl, J-C Krieg, J. Neurochem. 72
(1999), 2531-2538.

[3] R.Rontu, T. Solakivi, K. Teisala, T. L. Ki, R. Punnonen, H. Jokela, Free Radic. Res. 38
(2004), 129-173.

[4] W.Klinger et al, Toxicology Letters. 128 (2002), 129-144.

[5] M. Ali, N. Ahmed, G. Tessiler, J. van Lier, Bioorg. Med. Chem. Lett. 16 (2006), 317.

[6] M. Valko, D. Leibfritz, J. Moncol, M. T. D. Cronin, M. Mazur, J. Telser, The
International Journal of Biochemistry & Cell Biology 39 (2007), 44-84.
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Brushite, CaHPO4-2H,0, is a layered structure in which the layers are held together by
water molecules via hydrogen bonds. Brushite loses its water molecules in two steps when
heated to form monetite CaHPO,. The loss of water results in the formation of an
amorphous phase along with monetite. The main goal of our research was to quantify the
amount of an amorphous phase that forms during transformation of brushite to monetite
during heating, and to describe the processes that drive its formation. We investigated the
dehydration process primarily by means of X-ray diffraction, and quantified the amount of
monetite and the amorphous phase as a function of heating rate and temperature via
Rietveld refinements. We heated synthetic brushite powder (Aldrich Chemical Company,
98% pure) at different rates and to different temperatures. We used three different types of
heating methods: thermal X-ray powder diffraction, thermogravimetric analysis (TGA), and
a muffle furnace with an adjustable heating rate. Water loss was recorded by TGA and the
nature of the products was investigated by Fourier transform infrared spectroscopy.
Recrystallization, water loss, and the formation of the amorphous phase depend on the
heating rate and/or time of exposure at temperature. The conversion temperature is about
220°C, although brushite can convert to monetite at lower temperatures during prolonged
exposure to heat. We found that more amorphous phase forms during slower dehydration at
slower heating rates. Total water loss during dehydration is less than the water content in
brushite, therefore the amorphous phase is hydrated, or some water stayed trapped in the
monetite structure. FTIR showed residual free water vibrations in the thermally treated
sample. Amorphous phase forms due to uneven dehydration process and a structural tilt
which cause some water molecules to stay trapped in the structure. Also the amorphous
phase may exhibit short range order, and this amorphous material can be regarded as highly
disordered monetite with some free water in the structure.
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Brusit, CaHPO4-2H,0, je mineral slojevite strukture u kojoj molekuli vode vezuju
slojeve vodoni¢nim vezama. Brusit gubi vodu u dva stupnja prilikom zagrevanja i formira
monetit CaHPO,, Tokom gubitka vode pored monetita dolazi i do formiranja amorfne faze.
Glavni cilj naSeg istrazivanja je kvantifikacija amorfne faze koja se formira tokom
transformacije brusita u monetit tokom zagrevanja i procesi koji uslovljavaju njen nastanak.
Dehidracija je analizirana primarno rendgenskom difrakcijom, a zastupljenost monetita i
amorfne faze u funkciji stope zagrevanja i temperature odredena je Ritvildovom analizom.
Brusit (Aldrich Chemical Company, 98%) je zagrevan razli¢itom brzinom do nekoliko
razli¢itih temperatura. Koristili smo tri nacina zagrevanja: visokotemperaturnu difrakciju
praha, termogravimterijsku analizu (TGA) i1 pe¢ sa promenljivim reZimom zagrevanja.
Gubitak vode registrovan je pomoéu TGA, a proizvodi su analizirani FTIR
spektroskopijom. Rekristalizacija, gubitak vode, i stvaranje amorfne faze zavise od brzine
zagrevanja ili duzine izlaganja povisenoj temperaturi. Temperatura faznog prelaza je oko
220°C, iako brusit moze da prede u monetit na niZim temperaturama tokom produzenog
izlaganja toploti. Nasli smo da se viSe amorfne faze stvara tokom sporijeg zagrevanja.
Ukupni gubitak vode tokom dehidracije je manji nego ukupni sadrzaj vode u brusitu, tako
da zakljuCujemo da je amorfna faza hidratisana ili da je izvesna koli¢ina vode zarobljena u
strukturi monetita. FTIR rezulati pokazuju vibracije vode u uzorcima koji su prosli termalni
tretman. Amorfna faza se formira zbog nejednake dehidracije i strukturnih osobina brusita,
koje uzorkuju da neki molekuli vode ostanu zarobljeni u strukturi. Amorfna faza
potencijalno pokazuje nedovoljan stepen uredenosti na kratkim rastojanjima, te se ovakav
amorfni material moZe smatrati monetitiom sa visokim stepenom neuredenosti i odredenim
procentom nekoordinovane vode u strukturi.
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The humite mineral group comprises orthorhombic or monoclinic nesosilicates
nA,Si0, x A(F,OH), (n = 1, 2, 3 or 4) where A = Mg, Fe*', Mn*', Zn, Ca, and others.
Corresponding structures are based on hexagonal closed packed O arrays containing zig-zag
chains of edge sharing octahedra and isolated tetrahedra. The whole group can be classified
by the dominant octahedral cations: true humites - Mg silicates and Ca- or Mn- analogues.
They can also be characterized as structure types with 1, 2, 3 or 4 silicate layers, indicated
by #n in the general group formula. However, most interesting is the classification of humite
group minerals as polysomatic series. The latter concept was developed by J.B. Thompson
(1978) who recognised that any crystal can be sliced into the slabs [1], and that in some
cases slabs of the one structure can be combined with a slabs of another. Results are hybrid
structures called polysomes. Humite-group structure can be represented as members of a
polysomatic series constructed from slabs of the olivine Mg,SiO, (composed of two slabs of
type O, thus olivine has the notification OO) and slabs of the norbergite Mg;SiO4(F,0H),
(composed of two slabs of type N, thus norbergite has the notification NN) structures. The
structure of chondrodite Mgs(SiO4),F,, another group member, can be constructed from one
slab of olivine and one of norbergite, Thus, the polysomatic notation for this mineral is NO.
In the same way humite Mg;(SiO4);F,: NOO and clinohumite Mgy (SiO4)4F,:NOOO can be
characterized. At the end of the year 2008, two new calcium minerals of the humite group
have been approved by the CNMNC IMA: chegemite Ca;(SiO4);(OH), (IMA2008-38) [2] —
the calcium and hydroxyl analogue of humite, and Cas(SiO4),F, (IMA2008—45) [3]- the
fluorine analogue of reinhardbraunsite, with the chondrodite structure-type. The crystal
chemistry of the olivine and norbergite-like slabs in Ca-analogues of the group, as well as
new minerals are compared.

[1]J. B. Thompson, American Mineralogist, 63 (1978), 239-249.

[2] E. V.Galuskin, V. M. Gazeev, B. Lazic, T. Armbruster, I. O. Galuskina, A. E. Zadov, N.
N. Pertsev, R. Wrzalik, P. Dzierzanowki, A. G. Gurbanov, G. Bzowska, European Journal
of Mineralogy, 21 (2009), 1045-1059.

[3] L. O. Galuskina, B. Lazic, T. Armbruster, E. V. Galuskin, V. M. Gazeev, A. E. Zadov, N.
N. Pertsev, L. Jezak, R. Wrzalik and A. G. Gurbanov, American Mineralogist 94 (2009),
1361-1370.

22



POLISOMATSKE SERIJE: ANALIZA HUMITSKE GRUPE
MINERALA I NOVIH Ca - ANALOGA

B. Lazic®, T. Armbruster?, I. O. Galuskina®, E. V. Galuskin®

“Mineraloska kristalografija, Institut geoloskih nauka, Univerzitet u Bernu, Freiestrasse 3,
Bern, Svajcarska; "Fakultet geoloskih nauka, Departman za geohemiju, mineralogiju i
petrografiju, Univerzitet u Silesiji, Bedzinska 60, Sosnoviec, Poljska.
e-mail:biljana.lazic@krist.unibe.ch

Kao grupa minerala humiti se sastoje od rombic¢nih i monoklini¢nih nezosilikata
opite formule n4,Si0, x A(F,OH), (n = 1, 2, 3, or 4) gde je 4 = Mg, Fe*", Mn**, Zn, Ca, itd.
Njihove strukture se zasnivaju na heksagonalnom najgusé¢em pakovanju kiseonika, a sadrze
cik-cak lance oktaedara povezanih ivicama i izolavane tetraedre. Cela grupa moze biti
podeljena prema dominantim okaedarskim katjonima na: prave humite - Mg silikate i Ca- ili
Mn- analoge. Takode, mogu biti opisani kao razli¢iti strukturni tipovi sa 1, 2, 3, ili 4
silikatna sloja, oznaCena brojem n u op$toj formuli. Najinteresantnija je klasifikacija
humitske grupe minerala kao polisomatske serije Ciji koncept je razvio J. B. Thompson
(1978), prepoznavsi da bilo koja struktura kristala moze biti podeljena na delove [1].
Ponekad delovi jedne strukture mogu biti kombinovani sa delovima druge strukture tako da
se na kraju dobije hibridna struktura zvana polizom. Strukture minerala humitske grupe
mogu se predstaviti kao ¢lanovi polisomatke serije sastavljene od delova olivina Mg,SiO,
(sastoji se od dva dela tipa O, zbog toga se oznacava sa OO) i delova norbergita
Mg;SiO4(F,OH), (dva dela tipa N, zato se oznacava sa NN). Struktura hondrita
Mgs(Si04),F,, jos jednog ¢lana grupe, moze biti izgradena od jednog sloja olivina i jednog
sloja norbergita. Zbog toga je polisomatska oznaka hondrita NO. Na isti na¢in mogu se
opisati minerali humit Mg;(SiO4);F, kao NOO 1 klinohumit Mgy(SiO4)4F, kao NOOO.
Krajem 2008. godine dva nova Ca-minerala humitske grupe odobrena su od strane
medunarodne komisije CNMNC IMA. To su ¢egemit Ca;(SiO4);(OH), (IMA2008-38) [2] —
kalcijum-humit sa hidroksil grupom, i Cas(SiO4),F, (IMA2008-45) [3] — flouritski
rajnhardbraunsit, sa hondritskom strukturom. Kristalo-hemijske osobine olivinskih i
norbergitskih slojeva medu novim i starim kalcijumskim ¢lanovima humitske grupe su
analizirani.

[1]J. B. Thompson, Am. Mineral., 63 (1978), 239-249.

[2] E. V.Galuskin, V. M. Gazeev, B. Lazic, T. Armbruster, I. O. Galuskina, A. E. Zadov, N.
N. Pertsev, R. Wrzalik, P. Dzierzanowki, A. G. Gurbanov, G. Bzowska, Eur. J. Mineral., 21
(2009), 1045-1059.

[3] L. O. Galuskina, B. Lazic, T. Armbruster, E. V. Galuskin, V. M. Gazeev, A. E. Zadov, N.
N. Pertsev, L. Jezak, R. Wrzalik and A. G. Gurbanov, Am. Mineral., 94 (2009), 1361-1370.
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In previous years the phase relationships in the binary system SrO-Ga,O; have
been re-investigated in more detail [1]. This interest can be at least partially attributed
to the fact that alkaline earth gallates are potential host materials for the production of
luminescent compounds. The crystal structure of Sr1¢GagO,9 was studied by in situ single-
crystal X-ray diffraction in the temperature range 298—673 K. At ambient conditions the
compound shows a (3+1)-dimensional modulated structure in superspace group C2/c(00)s0
[a=34.9145(13), b = 7.9369(2), ¢ = 15.9150(7) A and B = 103.551(3)°] with a modulation
wave-vector of q = 0.4288 (2)b*. Further high-temperature experiments at 503 K revealed a
change in the diffraction pattern: the incommensurate satellite reflections had disappeared,
but new commensurate superstructure reflections emerged at positions which double the a
and b lattice constants [a = 70.005(4), b = 15.901(1), ¢ = 15.982(1) A, p = 103.618(1)°]. In
addition, a second phase transition was identified between 503 and 673 K. This high-
temperature phase does not show any of the superstructure reflections. Thus, the cell is
similar to a-Sr;(GagOy9 [2]. Crystals showing a combination of diffraction patterns
originating from both superstructures can be obtained by cooling from 500 K. Probably, this
phenomenon is caused by the formation of a "multi-phase" crystal.

[1] M. Zinkevich, Int. J. Mater. Res. 98 (2007), 574-579
[2] V. Kahlenberg, J. Solid State Chem. 160 (2000), 421429
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U prethodnim godinama odnosi faza u binarnom sistemu SrO-Ga,0O; Cesto su
iznova detaljnije ispitivani [1]. Ovaj interes moze se bar delimic¢no pripisati ¢injenici da su
zemnoalkalni galati potencijalni domacini-materijali za proizvodnju luminescentnih
jedinjenja. Kristalna struktura jedinjenja Sr;yGagO;9 proucavana je in situ rendgenskom
difrakcijom na monokristalu u temperaturnom opsegu od 298 do 673 K. U ambijentalnim
uslovima jedinjenje pokazuje (3+1)-dimenzionalnu modulisanu strukturu u super-prostornoj
grupi C2/c(0B0)s0 [a = 34,9145(13), b =7,9369(2), ¢ = 15,9150(7) A i #=103,551(3)°] sa
vektorom modulacije ¢ = 0,4288(2) b*. Dalji visokotemperaturni eksperimenti su na 503 K
otkrili promene na difrakcionoj slici: Neproporcionalno modulisane satelitske refleksije su
nestale, a nove proporcionalno modulisane, superstrukturne refleksije pojavile su se na
pozicijama koje udvostruuju a i b parametar reSetke [a =70,005(4), b=15,901(1),
c=15982(1) A, p=103,618(1)°]. Osim toga, drugi fazni prelaz je identifikovan izmedu
503 1 673 K. Ova visokotemperaturna faza ne pokazuje satelitske refleksije i slicna je fazi a-
Sr10GagO19 [2]. Hladenjem od 500 K dobijaju se kristali koji pokazuju kombinaciju
satelitskih refleksija obe modulisane superstrukture istovremeno. Ovo je verovatno
uslovljeno stvaranjem ,,viSefaznog” kristala.

[1] M. Zinkevich, Int. J. Mater. Res. 98 (2007), 574579
[2] V. Kahlenberg, J. Solid State Chem. 160 (2000), 421-429
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In this report we have been studied the structure of complex nickel(Il) with ed3a
type of ligand (ed3a = ethylenediamine-N,N,N'-triacetate ion). Each asymmetric unit of
[Ni(H,0)s][Ni(ed3a)(H,O)],:2H,O unit cell consisted of three moieties: an anionic
[Ni(ed3a)(H,O)]” complex, a half cationic hydrated nickel complex and a solvate water
molecule. The cis-equatorial [Ni(ed3a)(H,O)] entity contains a Ni(II) atom in a distorted
octahedral N204 environment. There are two longer equatorial bonds Ni-N12 (2.1108(13)
A) and Ni—O12 (2.123(1) A). The other distances in this anionic complex are within the
range from 2.0185(10) to 2.0820(12) A and as expected comparable with those obtained for
related ed3a-type complexes [1].

Using DFT (Density Functional Theory) method implemented in Gaussian03 [2]
program package we have modeled all three possible geometrical isomers (cis-equatorial,
cis-polar and trans-equatorial). The results obtained indicate cis-equatorial isomer being the
most energetically stable one: by 1 kcal/mol related to cis-polar and by 2 kcal/mol related to
trans-equatorial isomer. This fact is in accordance with the geometry found by the X-ray
structure analysis.

The results of Ni(ed3a) and Cu(ed3a) [3] X-ray analysis were compared and show
[Ni(ed3a)(H,0)] being isomorphous with [Cu(ed3a)(H,O)] . Surprisingly, their similarity
is so evident that it crosses to almost identity (RMS = 0.0460). Furthermore, we extracted
coordinated ed3a ligands from these complexes and made up their overlay by the use of
Hyperchem program package. In such a way overlay shows even better fit (RMS error of
0.01243).

The major reason for this feature we should seek in extremely unfavourable
presence of three five-membered rings in the equatorial plane (two acetate and one diamine
ring) due to considerable strain effect. As a cosequence cis-equatorial isomer (two five-
membered rings in the equatorial plane) dominates in all the metal M-ed3a complexes
[M = Co(1I), Cr(III), Cu(ID)] [1, 3-4] prepared so far.

[1] N. Sakagami, S. Kaizaki, J. Chem. Soc., Dalton Trans. (1992), 291

[2] M. J. Frisch et al., Gaussian 03, Revision E.01, Gaussian, Inc., Wallingford, CT, 2004

[3] Z. Matovic, A. Meetsma, V. Miletic, P. van Koningsbruggen, Inorg. Chim. Acta 360
(2007) 2420

[4] D. Radanovi¢, Coord. Chem. Rev., 54 (1984), 159

26


mailto:marina.cendic@kg.ac.rs

CTPYKTYPA U 1®T AHAJIM3A KOMILVIEKCA
[Ni(H,0)¢][Ni(ed3a)(H,O)].2H,0O

3. Matosuh®, B. Muwiernh®, M. henmuh®, E. Mpkaauh®, P. van Koningsbruggen®, A.
Meetsma®

“Ipupoono-mamemamuuxu ¢axyimem, Ynueepsumem y Kpazyjesyy, Paooja JJomanosuha
12 34000 Kpazcyjesay, Cpbuja; "Hucmumym 3a xemujy u XeMUjcKo UHICEHEPCMEBO,
Yuueepzumem y I ponunceny, HJI-9747 I ponuneen, Xonanouja

e-mail: marina.cendic@kg.ac.rs

VY oBoM pany m3ydaBaHa je cTpykTypa komriurekca Hukna(ll) ca ed3a nmranmom
(ed3a = erunenguamun-N, N, N -tpuanerato jon). CBaka acCHMETpHYHA jeTUHNLA jSAMHUTHE
hemuje jemumema [Ni(H,O)s][Ni(ed3a)(H,O)],-:2H,O cacroju ce o TpH KOMITOHEHTE:
a"jorckor [Ni(ed3a)(H,O)]  xomruiekca, MOJOBHHE XMAPATHUCAHOTI KaTjoHA HHKJIA Kao |
conBatHOr MoJiekyna Boje. Cis-ekBaropujanHa [Ni(ed3a)(H,O)]” jeamuuna cagpxu atom
HUKJIa y nedopmucanoMm okrtaemapckoM N204 okpyxkemy. Y joHY Cy NMPHUCYTHE JBE IyXKe
exparopujamne Ni-N12 (2,1108(13) A) u Ni-012 (2,123(1) A) Bese 1ok ce octane gyxuHe
Besa kpehy ox 2,0185(10) mo 2,0820(12) A u y omcery cy mopemuBOM ca OCTAIUM
koMmImiekcuma M-ed3a tuma[1].

Ynorpebom DT (Density Functional Theory) merome wumIieMeHTHpaHE Y
Gaussian03 [2] nporpamy U3BpIICHO je y OBOM pajy MOJEIOBamke MOIyhiX reoMeTpHjcKux
nzomepa  (cis-eKBaTOpHWjaJiHM, CIS-TIOJIADHW W trans-eKBaTopujanHu). Pesynrtatu
MOJIEJIOBakba YKazyjy [a je cis-eKBaTOpHjaIHH M30MEp CHEPreTCKH CTAaOMIHHjH OJ OcTaja
mBa U 1o 3a 1 kcal/mol y omnocy Ha cis-iomapau u 2 kcal/mol y omHOCcy Ha trans-
-eKBaTOpPHjIHM W30Mep, IITO je Yy CarJlaCHOCTH ca TeOMETPHjOM BepU(pHKOBAHOM
PEHAr€HCKOM CTPYKTYPHOM aHAJIN30M.

IMopehemem pesynrata perarencke crpykrypHe ananuse Ni(ed3a) u Cu(ed3a) [3]
KOMIUIEKCHUX joHa yTBpheno je ma cy jonm [Ni(ed3a)(H,O)]” u [Cu(ed3a)(H,O)]”
n30MOpGHM M Ja CIMYHOCT Ipejiasd TOTOBO Yy HWAEGHTHYHOCT (Tpelika NpeKianama
RMS = 0,0460), a excrpakuujoMm cTpyKkTypa ed3a iuranajga u3 MaTHYHUX KOIIMJIEKCA HUKJIA
1 0akpa ¥ BUXOBUM NpekianameM yrnorpedbom Hyperchem mporpama raljeHo je jormn 6osbe
cnarame (RMS = 0,0124).

Pasior oBakBor noHanrama ed3a auranna tpeda TPaXXUTH Y Kpajle HEOUCKHBAHOM
MPUCYCTBY TPW IETOWIAHA NPCTEHAa Yy EKBATOPHjaJIHOj PaBHU KOMIUICKCHOT joHa (aBa
areraTHa M jemaH mquamMuHCKH). OBO MMa 3a TOCIEHIly MPHUCYCTBO M3paKEHOT HAIOHA Y
paBHH Tako Ja Kof CBUX 10 canma nodujennx ed3a xomrmiekca [M = Co(Ill), Cr(IIl), Cu(Il)]
[1, 3-4] momuHUpa cis-eKBaTOpPHjaTHH W30Mep (IIBa METOWIaHa MPCTEHa Y €KBATOPH]jaTHO]
paBHH).

[1] N. Sakagami, S. Kaizaki, J. Chem. Soc., Dalton Trans. (1992), 291

[2] M. J. Frisch et al., Gaussian 03, Revision E.01, Gaussian, Inc., Wallingford, CT, 2004

[3] Z. Matovic, A. Meetsma, V. Miletic, P. van Koningsbruggen, Inorg. Chim. Acta 360
(2007) 2420

[4] D. Radanovi¢, Coord. Chem. Rev., 54 (1984), 159
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Meta-autunites from a Li-pegmatite mineralization of the Cer Mt. granitoide massif
near Sabac have been investigated as the first occurrence of this mineral in Serbia. The
crystals of 1-2 mm in diameter appear as yellow plates. The mineral was found in a Li-
pegmatite zone of the locality Konjusa (NE from the top Trojanov grad, 607 m) associated
with albite, quartz, spodumene, mica, garnet, tourmaline and columbite-tantalite minerals.

Chemical composition of meta-autunite was determined by SEM/EDX analysis,
and confirmed that it is a Ca-member. The water in the structure of the mineral was
characterized by IR spectroscopy. Even though meta-autunite shows intensive cleavage
parallel to (001), single crystal X-ray diffraction measurements taken on several crystals
revealed its tetragonal symmetry, space group P4/nmm (129), a = 6.989(4), ¢ = 8.433(6) A.
The structure solution easily revealed the uranyl and phosphate polyhedral layer similar to
that in autunite structure [1] and nearly identical to the one found in [2]. On the other hand,
the absence of significant positive peaks in differential Fourier map as well as the abrupt
decrease of the intensity of the reflections with increasing diffraction angle lead us to the
conclusion that the Ca®" cations and H,O molecules found between the two successive
[(UO2)(PO4)] layers are strongly disordered, as it was the case in previous investigations
of meta-autunite structure [2].

Consequently, the meta-autunite from Cer Mt. locality was investigated using the
Rietveld X-ray powder pattern fitting method. The results obtained confirmed the known
tetragonal symmetry and unit cell dimensions. Meanwhile, XRPD experiment revealed the
inhomogeneity of the meta-autunite investigated. By using the Le Bail method, it was
shown that the observed powder pattern consists of three tetragonal hydrate phases with
different c unit cell parameters, evidenced for the first time.

[1] A. Locock, P. Burns, Am. Mineral., 88 (2003), 240-244
[2] E. S. Makarov, V. 1. Ivanov, Doklady Akad. Nauk. SSSR, 132 (1960), 673—676
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Meta-autuniti iz Li-pegmatitske mineralizacije granitoidnog masiva planine Cer
kraj Sabca ispitivan je kao prva pojava ovog minerala u Srbiji. Oni se pojavljuju kao zuti
plocasti kristali 1-2 mm u pre¢niku. Mineral se nalazi u asocijaciji sa albitom, kvarcom,
spodumenom, liskunima, granatom, turmalinom i mineralima iz serije kolumbit-tantalit u
Li-pegmatitskoj zoni lokaliteta Konju$a (SI od kote Trojanov grad, 607 m).

Hemijski sastav meta-autunita odreden je SEM/EDX analizom i utvrdeno je da je
Ca-¢lan. IC spektroskopija je koriS¢ena za karakterizaciju vode u strukturi ovog minerala.
Meta-autunit pokazuje savrSenu cepljivost paralelno (001). Rendgenskom difrakcijom na
nekoliko monokristala odredena je tetragonalna simetrija, prostorna grupa P4/nmm (129),
a=6,989(4), c=8,433(6) A. Resavanjem kristalne strukture otkriven je sloj koji grade
koordinacioni poliedri urana i fosfora, sli¢an sloju u strukturi autunita [1] i gotovo identi¢an
sloju odredenom u ranijem ispitivanju [2]. Sa druge strane, odsustvo maksimuma u
diferentnoj Furijeovoj mapi, kao i1 naglo opadanje intenziteta refleksija sa povecanjem
difrakcionog ugla ukazuju na neuredenost Ca®" katjona i H,O molekula koji se nalaze
izmedu dva susedna [(UO2)(PO4)] sloja, kao Sto je to bio slucaj u prethodnom ispitivanju
strukture meta-autunita [2].

Meta-autunit iz lokaliteta planine Cer ispitan je i Ritveldovom metodom. Dobijeni
rezultati potvrdili su tetragonalnu simetriju i parametre jedini¢ne Ccelije. Medutim,
rendgenska difrakcija na prahu je otkrila nehomogenost ispitivanog meta-autunita. Fitovanje
Le Belovom (Le Bail) metodom po prvi put je pokazano da se dijagram praha sastoji od tri
tetragonalne hidratne faze razli¢itog c-parametra jedinicne celije.

[17 A. Locock, P. Burns, Am. Mineral., 88 (2003), 240-244
[2] E. S. Makarov & V. L. Ivanov, Doklady Akad. Nauk. SSSR, 132 (1960), 673—-676
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Using hydrothermal method (Teflon-lined steel autoclave, T =473 K, 72 hours)
title compound crystallised as colourless prismatic crystals up to 100 pum in length from an
aqueous mixture of Cd(OH),, 5Zn0O-2C05-4H,0 and 3As,05-5H,0. The crystal structure
was refined using single-crystal X-ray diffraction data (CCD detector, MoKa radiation,
298 K, 260,.x = 52.74 °). The refinement on P (146 free parameters) yielded R, =0.0253,
wR, = 0.0416 using 1939 unique reflections; for 1787 observed reflections with 7> 20(J),
R, =0.0206. Crystal data: space group C2, a=12.2496(4), b=12.4915(3),
c=68156(2) A, p=113.6220(2)°, V'=955.51(5) A, Z=2. The crystal structure was
solved from a racemic twin (x = 0,50(2)). All H atoms were found in a difference Fourier
map and successfully refined as riding atoms, with restraints on the O—H bond distances of
0.82(2) A. Ui(H) values were fixed at 1.5 Ugy(O).

Cd, 1621, 34(AsO,4)(HAsOy,), is related to the alluaudite-like compounds. They adopt
general formula A142M1M2,(X104)(HX20,),. In minerals, 4-position is mostly occupied
with Na, Ca, Mn, M-position with Mn, Fe, Al, Mg, and X with P. Synthetic members show
much broader chemical variability. Alluaudites crystallise monoclinic, and the most
common space group is C2/c. The crystal structure consists of kinked chains of edge-
sharing M1 and M2 octahedra that are stacked parallel to [101] and are connected by the
X10,4 and HX20, tetrahedra in the b-direction. These interconnected chains form channels
parallel to c-axis, where the large A1 and 42 cations are located.

The new compound represents previously unknown structure variant among
alluaudites. The symmetry reduction from C2/c to C2 was noticed and it is probably the
consequence of the incorporation of different cation types and quantities. In the
Cd.16Z1n534(AsO4)(HAsOy), site A1 is empty. In the A2 site are situated Cd atoms. The M1
site is shared between Zn and Cd, and the M2 site is filled with Zn.

Financial support of the Austrian Science Foundation (FWF) (Grant T 300-N19)
and the Ministry for Science and Technological Development of the Republic of Serbia
(Project Nos. 142030 and 19002) are gratefully acknowledged.
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be3bojun mpusmatuyHM Kpucranu BennunHe 10 0,10 mm noOujeHn cy kao
npousBox peaknyje nzmely komnonenara Cd(OH),, 5Zn0O-2CO;5:4H,0 u 3As,05-5H,0 y3
JoAaTaK JecTWIOBaHe Boje. Kpucraam Cy CHHTETHCAaHH XHIPOTEPMAIHOM METOIOM Y
TehoHCKUM cynoBuMa y aytokmaBuMa (473 K, 72 h). Ilpukymeern cy audpaxmmoHu
mona Ha MoHOKpucTtarmy (Mo Ka penarencko 3paueme, CCD paBum merextop, 298 K,
20max = 52,74 °) 1 yraumeHa je CTPYKTypa. YTaumaBameM 146 mapamerpa MoOHjeHH Cy
cnenehn R-mapamerpu: R;=0,0253, wR,=0,0416 3a ykymao 1939 pednekcuje u
R; =0,0206 3a 1787 pedekcuja ca I > 26(1). Kpucranorpadcku momam: mpocTopHa rpymna
C2, a=12,2496(4), b=12,4915(3), ¢ = 6,8156(2) A, B =113,6220(2) °, V =955,51(5) A®,
Z =2. BaxHO je HalIOMEHYTH JIa Ce TOKOM YTauaBamba CTPYKType JIOLLIO JI0 3aKJbydKa Jia
je ped o pamemarckom Onumsaniy (x = 0,50(2)). Ilomoxaju BOJOHHKA YTauleHH CYy
xopumhemeM 6marux orpanmuema O—H Bese ox 0,82(2) A. Tepmansau mapamerpu
BOJIOHMKA Cy OMJIM (DMKCHUpPAaHU Ha BPETHOCT Koja je 1,5 Beha ox TepmanHux mapamerapa
Hocehux aroma kuceoHuKa (Mozen jamryher atoma).

Cd,16Z1n734(AsO04)(HAsO,), mMa CTpYKTYpy CAMYHY MUHEpally aiyayaury. Onmra
dopmyna amyaymura je A1A2MIM2,(X104)(HX204),. YV wMuHepamuma A-nojuoxaje
Hajuenthe 3ay3uMmajy Na, Ca, m Mn, M-monoxaje Mn, Fe, Al u Mg, a X = P, ok je y
CHHTETHYKHM jeIMbCHbAMA Ca alyayJUTCKHM THIIOM CTPYKTYpe XEeMHjCKa Pa3HOBPCHOCT
MHoOTO Beha. AnlyayTuT KpUCTAIHIIy MOHOKIIMHIYHO, Hajuemhe y mpocTopHoj rpymu C2/c.
TpoarMeH3MOHAIHY MpEe)XXy YHHE W3BHjEeHH JaHIH M1-oKkTaeqapa u nmapoBa M2-okTaemapa,
KOjH JIeNe 3ajeJHUYKe MBHIE M MpyXkajy ce ayx mpasma [101], a mehycoOHo cy moBe3ann
X10, HX20,-tetpacnpuma u Qopmupajy ciojeBe HopmaiaHe Ha b-ocy. Kpo3 mosesane
cinojeBe 3D Mpexe MPOTEKY Ce KaHAJIH Ay OCe ¢ y KOjUMa Cy CMEIITCHHU Benuku A1 u A2
KaTjoHH. HOBOCHHTETHUCAHO jenUIbEHE NpEACTaBJba [0 Caja HENO3HAaTH CTPYKTYPHHU
BapujeTeT anyayauTa. Pasnmika y BpCTH M KOJMYMHM KaTjoHa HajBEpPOBATHH]jE je YCIOBHIIA
Jla ce CHUMeTpHja peaykyje ca mpoctopHe rtpyme C2/c mo C2. Al momoxaj y
Cd, 16Z1n;34(AsO4)(HAsOy), je npazan. Y monoxajy A2, CMEIITEHU Cy aTOMH KaJMHjyMa.
[omoxaj M1 je memoBuT m3mel)y IMHKA U KaJMHjyMa, JIOK je MOJI0Kaj M2 HEeMEIIOBUT H
NPUIAJIA CaMO LIMHKY.

Aymopu osoe pada 3axeamyje ce Hayunom @onoy Penybnuxe Aycmpuje (FWF)
(IIpojexam T300-N19) u Munucmapcmay nayke u mexHonouikoe pasgoja Penybauxe Cpouje
(IIpojexmu 142030 u 19002) na ¢punancujcxoj nomohu.
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Park Zemun a.d., Research and Development Centre, Batajnicki put 23, 11080 Belgrade,
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Pollution, or contamination of environment by man-made substances, tends to
become a major problem of our civilization. There are many types of pollution, although in
this work we will mention only three: air, water and land/soil pollution, and discuss possible
solutions for it. Major sources of air contamination are motor vehicle exhaust, as well as
heat and power generator facilities. For water pollution the most dangerous are hazard
industries, petroleum products and agricultural chemicals, while land/soil is mainly
damaged by mining and agriculture.

Titanium oxides are very promising materials to solve multiple environmental
problems due to its properties, relatively low price, and various potential or commercial
applications. Titanium dioxide (anatase) has photocatalitic properties. Photocatalysis is a
well-known process mostly in use to degrade or transform organic and inorganic
compounds, e.g. for water purification. Anatase is also a good candidate for dye sentisized
solar cells. A mixture of some other titanium oxides known as Ebonex® is used as
commercial electrode material, for the last 20-30 years. This material satisfy roughly all
conditions to be a bipolar plate in bipolar lead acid batteries. Another solution for electric or
hybrid vehicles are Li—ion batteries in which for negative electrodes lithium titanium oxides,
especially LiyTisO,,, have many advantages.

Our current studies dedicated to synthesis, characterisation
and possible application of mentioned materials will be present in
this work. Mechanochemical and/or hydrothermal treatment
followed by solid state reactions were applied for synthesis.
Samples were characterised by XRPD, TG/DTA, SEM/EDS and
particle size analysis. Quality of hydrothermaly prepared anatase
powder was investigated by degradation of C.I. Reactive Orange 16
1 dye under UV illumination. The prepared mixtures of Magnéli

Fig.1: Crystal structure oxides identical or similar to Ebonex® powder were proceeded into
oftiTEO- plastic—bonded foil electrodes using low density polyethylene or
polyethylene glycol. The electrodes were tested for corrosion stability in real lead acid
accumulator conditions and their conductivity was measured. Lithium titanium oxides were
prepared by solid state reactions and hydrothermal lithiation of anatase and rutile using
different concentrations of LiOH. The samples were characterized by XRPD in order to
define the capacity of intercalation and Li ion diffusion pathways.
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Zagadenje zivotne sredine koje je prouzrokovano od strane Coveka sve viSe postaje
ozbiljan problem. Postoji mnogo tipova zagadenja, ali u ovom radu ¢e biti pomenuta samo
tri glavna: zagadenje vazduha, vode i zemljista, kao i mogucéa reSenja problema. Glavni
izvori zagadenja vazduha su izduvni gasovi motornih vozila, energetska postrojenja i
toplane, dok su za vodu najstetniji industrijski otpadi i razni pesticidi koji se koriste u
poljoprivredi. Zagadenje zemljiSta uglavnom prouzrokuju jalovine iz rudnika i
poljoprivredne aktivnosti.

Zbog svojih osobina, relativno niske cene i mogucéih ili komercijalnh upotreba,
materijali bazirani na oksidima titana mogu visestruko da smanje problem zagadenja. Titan
dioksid (anatas) je fotokatalizator, $to moZemo iskoristiti za uklanjanje raznih organskih i
neorganskih otpada iz vode uz pomoé¢ UV zraenja. Osim toga, dobar je kandidat za
upotrebu u ,,dye sentisized” solarnim ¢elijama. Smesa nekih drugih oksida titana, poznata
kao Ebonex®, u komercijalnoj je upotrebi poslednjih 20-30 godina, sa svojim
karakteristikama zadovoljava skoro sve uslove da se koristi i kao strujni kolektor bipolarno
konstruisanog olovnog akumulatora. Ovo bi naravno moglo da omogué¢i manje
aerozagadenje koje poti¢e od izduvnih gasova prevoznih sredstava. Druga opcija za
elektri¢ne i hibridne automobile su litijum—jonske baterije gde litijum-titan-oksidi, posebno
Li4Ti50,,, pokazuju odredene prednosti u odnosu na ostale materijale.

U ovom radu ¢e biti prikazana nasa dosada$nja ispitivanja
pomenutih materijala koja ukljuuju sinteze, karakterizaciju i
ispitivanja potencijalne primene. Sinteze su uglavnom izvodene
mehanohemijskim  i/ili  hidrotermalnim tretmanom prac¢enim
reakcijama u Cvrstom stanju. Uzorci su karakterisani XRPD,
TG/DTA, SEM/EDS analizama, a odredivana je i raspodela veli¢ine
Cestica. Moguénost primene pripremljenog anatasa proverena je
razgradnjom narandzaste boje (C. I. Reactive Orange 16) pod UV
zraCenjem. Od pripremljenih smeSa Manjelijevih oksida koje su
slitne komercijalnom Ebonex® prahu napravljeni su tzv.
,,plastic—bonded* strujni kolektori koriste¢i polietilen niske gustine ili polietilenglikol kao
vezivo. IzvrSena su ispitivanja korozione stabilnosti ovih strujnih kolektora u uslovima
karakteristicnim za olovni akumulator, a merena je i provodnost uzoraka. Uzorci litijum-
titan-oksida pripremani su reakcijama u Cvrstom stanju ili hidrotermalnom litijacijom
anatasa 1 rutila pomocu LiOH razli¢itih koncentracija. Uzorci su karakterisani XRPD
analizom u cilju definisanja kapaciteta interkalacije i puteva difuzije litijum jona.

o—
SI. 1: Kristalna struktura
1i.Ti-N..
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CRYSTAL STRUCTURE OF 1,2-DIPHENYL-
-ETHYLENEDIAMINE-N,N’-DI-3-PROPANOIC ACID
DIHYDROCHLORIDE

G. P. Radié®, V. V. Glodovié*, S. Garsia-Granda®, L. Menéndez-Taboada”,
Z. Ratkovi¢®, S. R. Trifunovié¢®

“Department of Chemistry, Faculty of Science, University of Kragujevac, R. Domanovié¢a
12, Republic of Serbia; "University of Oviedo, Faculty of Chemistry, Spain
e-mail: gvasic@kg.ac.rs

Tetradentate ligand 1,2-diphenyl-ethylenediamine-N, N -di-3-propanoic acid, (H,-
1,2-dpheddp) was prepared by direct reaction between 3-chloro-propanoic acid and 1,2-
diphenyl-ethylenediamine in a molar ratio 2:1. The title compound was obtained as
dihydrochloride from mother solution after acidification up to pH = 1. Crystals suitable for
X-ray crystal structure analysis were obtained by slowly evaporation from an ethanol-water
solution of Hj-1,2-dpheddp-2HCI.

The compound crystallizes as a dimmer with three water molecules and four
molecules of HCI. Crystallographic data: C4Hs,N4O,,Cly, triclinic system, space group
Pl,a = 8.699(2), b = 10.086(2), ¢ = 13.461(2) A, a = 104.14Q2), f = 105.79(2),
y = 100.75(2) °, ¥ = 1060.6(4) A’ Z = 2, Dey = 1.420 gem™, u(CuK,) = 3.076 mm ',
F(000) = 476, o= 1.5418 A. Data collection: 3.513 ° < § < 70.626 °, number of parameters:
282, Ry =0.107, wR, = 0.327 for 4006 reflections with /> 2a(I).
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KRISTALNA STRUKTURA 1,2-DIFENIL-ETILENDIAMIN-N,N’-DI -
-3-PROPANSKE KISELINE DIHIDROHLORIDA

G. P. Radié*, V. V. Glodovié¢®, S. Garsia-Granda®, L. Menéndez-Taboada®,
Z. Ratkovié¢?, S. R. Trifunovié®

“Institut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu,
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Tetradentatni  ligand  1,2-difenil-etilendiamin-N, N -di-3-propanska  kiselina,
(Hy-1,2-dpheddp) pripremljen je reakcijom izmedu 3-hlor-propanske kiseline i 1,2-difenil-
-etilendiamina u molskom odnosu 2:1. Jedinjenje je dobijeno kao dihidrohlorid iz mati¢nog
rastvora zakiseljavanjem do pH = 1. Kristali pogodni za rendgensku strukturnu analizu
dobijeni su sporim uparavanjem voda-etanolskog rastvora H,-1,2-dpheddp-2HCI.

Dobijeno jedinjenje je kristalisalo kao dimer sa tri molekula vode i Cetiri molekula
HCI. Kiristalografski podaci: C4Hs;N4O,,Cly, triklini¢ki sistem, prostorna grupa PT,
a=8,699(2), b=10,086(2), c = 13,461(2) A, o = 104,14(2), f = 105,79(2), y = 100,75(2) °,
V = 1060,7(4) A’, Z = 2, Deye= 1,420 gcm™, u(CuK,) = 3,076 mm ', F(000) = 476,
A=1,54184 A. Opseg snimanja: 3,513 ° < 6§ < 70,625 °, broj parametara: 282, R} = 0,107,
wR; = 0,327 za 4006 refleksija sa [ > 20(]).
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HYDROTHERMAL SYNTHESIS OF M1-M2-H-VANADATES
(M1 = Ca*, Pb*, M2 = Mn*"**, Fe?***, Co™*, Ni**, Cu**, Zn**, Cd*"):
CRYSTAL STRUCTURE OF (Zn.36Cdo.14)(VO4)(OH)

T. Pordevi¢®, J. Stojanovi¢” and Lj. Karanovi¢*

“Institut fiir Mineralogie und Kristallographie, Geozentrum, Universitit Wien, Althansstr.
14, A-1090 Vienna, Austria; "Applied Mineralogy Unit, Institute for Technology of Nuclear
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Serbia; ‘Faculty of Mining and Geology, Laboratory for Crystallography, Pusina 7, 11000
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The investigations on hydrothermal synthesis and crystal-chemistry of synthetic
vanadates compounds in the system M1*"—M2* —~V—O—(H) (M1>" = Ca, Pb; M2*" = Mn, Fe,
Ni, Co, Cu, Zn, Cd) were performed at Faculty of Mining and Geology, University of
Belgrade between December 2009 and March 2010. Up to now, only 12 members of this
system are known of which four are anhydrous compounds, where M1 = Ca. From eight
members with M1 = Pb four are hydrated and found as minerals.

During the study, seven syntheses have been performed in parallel runs using up to 12
autoclaves and 78 different mixtures of oxides, hydroxides, carbonates, nitrates, chlorides,
sulphates of the relevant M1 and M2 cations and V,0s. The vanadate compounds were
synthesized under autogeneous pressure in Teflon-lined stainless steel autoclaves at
temperatures ranging from 160 to 200 °C (7 - 14 days, pH > 5, distilled water as a
medium).

All crystalline compounds from the first 54 mixtures were tested by single-crystal X-ray
diffraction. As a result 2 new compounds, (Zn; gsCdy 14)(VO4)(OH) and Zns(VO,4),(OH),, in
addition to the 12 previously known ones, were obtained. However, none of them contains
both M1 and M2 ions in its crystal structure. This is probably a consequence of the low
solubility of the used Ml-salts, which were mostly oxides and hydroxides. In the new
synthesis performed in March 2010, small amounts (~ 0.2 c¢cm’ pro mixture) of
ethylenediamine were used in order to increase the pH value of the mixtures and improve
the solubility of the starting and/or intermediate compounds.

New zinc cadmium vanadate (Zn;gsCdy 14)(VO,4)(OH) is orthorhombic, s. g. Pnma (a =
14.702(3), b = 6.0511(12), c = 8.9469(18) A, V' =759.8(3) A®, Z=4). It is isostructural with
adamite-type phases [Zn,(XO4)(OH), X°* = P, As, V] and topologically related to the
minerals descloizite PbZn(VO,)(OH) and tsumcorite PbZn,(AsO,),(H,O) [1 and references
therein]. In its crystal structure, [Zn3Og], octahedral chains are interconnected by VO,
tetrahedra to form a [Zn3(OH)VO,] framework. The voids are filled by Zn1/Cdl and Zn2
cations with octahedral and trigonal bipyramidal coordination, respectively.

Financial support of the Austrian Science Community (OFG) (Grant MOEL 413)
and the Ministry for Science and Technological Development of the Republic of Serbia
(Projects Nos. 142030 and 19002) are gratefully acknowledged.

[1] X. Wang, L. Liu, A. J. Jacobson, Z. Anorg. Allg. Chem., 624 (1998), 1977-1981.
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XUJAPOTEPMAJIHA CUHTE3A M1-M2-H-BAHAJIATA
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KPUCTAJIHA CTPYKTYPA (Zn 56Cdy 14)(VO4)(OH)
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XunporepManHa CHHTE3a W KPHCTaJOXEMHjCKa MCIIMTHBamba CYNCTaHIM U3 CUCTEMa
M1*—M2**—V-O—(H) (M1*" = Ca, Pb; M2*" = Mn, Fe, Ni, Co, Cu, Zn, Cd) ypaljesn cy Ha
Pynapcko-reonomkom ®akynrery YHuBep3urera y beorpany y nepuony on 1. neuemOpa
2009. o 1. mapra 2010. rogune. Cuctem Opoju 12 mo3HATHX CYNCTaHIU OJ KOjux cy 4
6e3Bosnu npeacraBHuim ca M1 = Ca. On npeocranux ocam wianosa ca M1 = Pb, yetupu
Cy MMHEpaJId ¥ CaMo Cy OHM XUIPATUCAHH.

VY Toky oBe crynuje ypaheHo je cenam cunTe3a. Kao moyetHH MaTepHjan 3a CHHTE3E
kopuirheHo je 78 pasIMYWTHX MeEIIaBHHA OKCHJA, XUIPOKCHIA, KapOoHaTa, HHTpATa,
ximopuga u cymadata M1 m M2 xatjona ca V,0s. CuHTe3e cy paleHe y pacmoHy
temnepatypa ox 160 mo 200 °C mox ayTOreHUM MPUTHCKOM Y TE(PIOHCKUM CyTOBHMa KOjI
cy Omnm cTaBJbeHHU y ayToOKJaBe of Hephajyher genmmka (7 — 14 mana, pH > 5, nectmioBana
BOJIa je KopuIIheHa Kao pacTBapady).

Kpucranan marepmjan u3 mpBuX 54 MemaBUHA WCIHTAH j€ y3 IOMON pEHATEHCKE
gu¢paknuje Ha MoHOKpucTaiy. Hahene cy nse HoBe cyncranue: (Zn; s¢Cdg 14)(VO4)(OH) n
Zns(VOy4)2(OH)4. Haxanocr, uu jenna ox wux Hema u M1 u M2 y cBojoj ctpykrypu. To je

BEPOBATHO Mocieana ciiabe pacTBOPJFMBOCTH KOPUIINEHUX OKcuaa u xuapokeuna M. Y
by noehaBama pH MmodyeTHUX MeIIaBUHA M caMMM THM IoBehaBama pacTBOPJBHMBOCTH
MOYETHHUX CYICTaHIM M MelynponsBosa HacTanux y TOKy cuHTe3a ypahennm mapta 2010.
kopummhene cy Mane kommunHe (~ 0.2 ¢cm’ 110 MelIaBUHN) eTHICHIMAMHUHA.

(Zn; 36Cdo,14)(VO4)(OH) xpucrammme pomOuuno, n. r. Pmnma (a = 14,7023), b =
6,0511(12), ¢ = 8,9469(18) A, V'=759,8(3) A®, Z = 4). V3ocTpykTypaH je ca cycTaHuama u3
rpyne agamuta [Zny(XO,)(OH), X°° = P, As, V] u TONOJOWIKK CIHYaH ca MHHEPAIMMa
nmeckmom3utoM PbZn(VO,)(OH) m mymkyputom PbZn,(AsO,),(H,O) [l u uwmtupana
nurepatypa). tberoBa kpucranna crpykTypa usrpaljena je ox okraenapekux [Zn30g], naHia
moBe3aHnx npexo VO, terpaemapa y [Zn3(OH)VO,] mpexy. LllymbuHe cy momymeHe
Znl/Cdl m Zn2 xaTjoHHMMa KOjU HMajy OKTaeIapCKy W TPHUTOHATHO-OUNHUPaMHIATHY
KOOPMHAIH]Y.

Aymopu ce 3axeanyjy Aycmpujckom @ondy 3a Hayky (npoj. T300-N19) u Munucmapcmesy
3a Hayxy u Texonowxu Paszeoj Penyonuxe Cpouje (npoj. 142030 u 19002).

[1] X. Wang, L. Liu, A. J. Jacobson, Z. Anorg. Allg. Chem., 624 (1998), 1977-1981.
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THEORETICAL STUDY OF O-H...n AND N-H...n INTERACTIONS
WITH ACETYLACETONATO CHELATES

M. Radulovié?, S. Purdevié®, D. Z. Veljkovi¢®, S. D. Zari¢*

“Department of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade,
Serbia
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The noncovalent interactions of n-systems have been extensively studied in recent
years. They are important for many molecular systems from molecular biology to crystal
engineering [1]. It has been observed that planar chelate rings with delocalized n-bonds can
be involved in noncovalent interactions in a manner similar to that in organic aromatic rings,
indicating that the chelate rings could have aromatic character. CH/m interactions with
acetylacetonato chelates were described in our previous papers [2,3].

In this work we report on OH/m and NH/ = interactions with acetylacetonato
ligands in transition metal complexes. Both interactions were studied by searching and
analyzing crystal structures in the Cambridge Structural Database (CSD) and by quantum
chemical calculations. Quantum chemical calculations were done on model systems. The
systems were made from the crystal structures of acetylacetonato complexes in the way that
large groups in complexes were substituted by hydrogen atoms and the energies were
calculated for interactions of these systems with water and amonia molecules.

A number of crystal structures with both types of interactions were found in CSD.
Quantum chemical calculations on a few model systems show that energies of OH/n and
NH/n interactions with acetylacetonato chelate ring are similar to energies of CH/n
interactions.

[1] T. Steiner, Angew. Chem. 41 (2002), 48-76

[2] M. K. Milcic, V. B. Medakovic, D. N. Sredojevic, N. O. Juranic, S. D. Zaric,
Inorg.Chem 45 (2006), 12.

[3] G. A. Bogdanovic, A. Spasojevic-de Bire, S. D. Zaric, Eur. J. Inorg. Chem. (2002)
1599-1602.
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TEOPUJCKO ITPOYYABAIBE O-H/am U N-H/m UHTEPAKIINJA CA
ALHETHJAINETOHATHUM XEJJATHUMA

M. Paayaosuh®, C. Byphesuh®, /1. K. Be;skosuh”®, C. /1. 3apuh®
“Xemujcku (axynmem, Cmyoenmexu mpe 16,11 000 Beoepao, Cpouja; "MXTM, Hoezouesa

12, 11 000 Beoepao, Cpouja
e-mail: szaric@chem.bg.ac.rs

IMocnenmpux TroaMHAa HEKOBAJICHTHE HHTEpAKOUje M-CUCTEMa IIPEAMET Cy
WHTEH3UBHOT NpoyuaBama. OHe MMajy BEIMKH 3Hauaj 32 MHOTE MOJIEKYJICKE CHCTEME, O]
MoJIeKyJiapHe Ouosioruje 1o KpucranHor uHxemepunra [1]. [Ipumeheno je na nnmanapHu
XeJIaTHH MPCTEHOBHU Ca JEJIOKAIN30BaHUM T-Be3aMa MOTY Jia YYECTBY]y Y HEKOBaJICHTHUM
MHTEpaKIfjaMa Ha CIMYaH HAYWH Kao ¥ OPraHCKH apoMaTHYHH IIPCTEHOBH, IITO yKa3yje Ha
TO J1a OM OBM XeJIJaTHU NPCTEHOBU MOTJIM MMaTH apomarudal kapakrtep. CH/n uHTepakumje
ca aleTUIAlleTOHATHIM XeJlaThMa OIMCaHe Cy y HaIlUM pPaHUjuM pajnoBuma [2,3].

Y oBoM pany npoydasanu cmo OH/n u NH/m unTepakmuje ca aneTnianeToHaTHUM
JHMTaHIuMa y KOMIUIEKCHMA Npena3Hux Merana. O0e BpcTe MHTEpaKLija MpoydYaBaHE Cy
MIPEeTParoM M aHAIN3UPAmBEM KPHUCTATHHUX CTPYKTypa mpey3etux u3 KemOpuuke Oanke
rmonataka (CSD) u momohy KBaHTHO XeMHjCKUX IpopadyHa. KBaHTHO XeMH]jCKH POpadyHH
Cy U3BpIICHH Ha Mojes cucteMuMa. CHCTEMH Cy HanpaBJbeHH Ha OCHOBY KPHUCTATHHX
CTPYKTYypa alleTHIAIETOHATHUX KOMIUIEKCa Tako IITo cy Behe rpyne 3aMemeHe aToMHuMa
BOJIOHHKA, a TIOTOM Cy M3padyHaTe MHTEpaKLHje OBAaKBHX CHCTEMa ca MOJICKYJIUMa BOJE H
aMOHHMjaKa.

Y Kem0Opuukoj Oanuu monaraka mnpoHaljeHe cy cTpykrype 3a oba THmna
nHTepakuja. KBaHTHO XEMHjCKH INpOpadyyHH H3BpIIEHH HAa HEKOJMKO MOJENl CHCTeMa
mokaszanu cy na cy enepruje OH /n u NH/n unTepakiiyja ca aneTHIalleTOHATHUM XelaTuMa
ciuyHe Kao u eHepruje kao 1 CH/m naTepakuuja.

[1] T. Steiner, Angew. Chem. 41 (2002), 48-76

[2] M. K. Milcic, V. B. Medakovic, D.N. Sredojevic, N.O. Juranic, S.D. Zaric, Inorg. Chem.
45 (2006), 12.

[3] Bogdanovic GA, Spasojevic-de Bire A, Zaric SD Eur. J. Inorg. Chem. 2002, 1599-1602.
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CHELATE-CHELATE STACKING INTERACTIONS IN CRYSTAL
STRUCTURES OF SQUARE-PLANAR TRANSITION METAL
COMPLEXES

D. N. Sredojevi¢®, Z. D. Tomi¢” and S. D. Zari¢*

“Department of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgarde,
Serbia, " ‘Vinca’ Institute of Nuclear Sciences, Laboratory of Theoretical Physics and
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Noncovalent interactions of aromatic and other m-systems are very important in
various molecular systems, from biomolecules to crystal engeneering [1]. In transition metal
complexes planar chelate rings with delocalized n-bonds can form stacking interactions
similar to aromatic organic molecules. Our previous results show that stacking interactions
between chelate and Cg-aromatic rings exist in crystal structures of square-planar transition-
metal complexes [2-4].

In this work we found evidences of chelate-chelate stacking interactions analyzing
crystal structures from the Cambridge Structural Database (CSD). Our study showed that
chelate-chelate stacking interactions occur in large number of crystal structures of neutral
square-planar complexes that posses planar five and/or six-membered chelate rings. We
separately analyzed structures with isolated and fused chelate rings because size of the
planar system has influence on the stacking interactions.

By searching the Cambridge Structural Database (CSD), using the defined search
criteria, 2322 structures of square-planar complexes in which chelate rings are part of
extended m-system were found, while in 892 of these structures we observed stacking
interactions between two chelate rings. In case of isolated chelate rings 151 structures were
found and in 63 of them there are stacking interactions between chelate rings. In crystal
structures with fused chelate rings there are three main conformations of interacting chelate
rings: parallel, cross and antiparallel, while in structures with isolated chelate rings there
are very small number of examples with cross conformations.

[1] T. Steiner, Angew. Chem. Int. Ed. 41 (2002), 48-76.

[2] Z. D. Tomi¢, D. N. Sredojevié, S. D. Zari¢, Cryst. Growth Des. 6 (2006), 29-31.

[3] D. N. Sredojevi¢, Z. D. Tomi¢, S. D. Zarié, Cent. Eur. J. Chem. 5 (2007), 20-31.

[4] D. N. Sredojevi¢, G.A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zari¢, CrystEngComm. 9 (2007)
793-798.
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Nekovalentne interakcije aromati¢nih i drugih nt-sistema igraju veoma vaznu ulogu
u razli¢itim molekulskim sistemima od biomolekula do kristalnog inzenjeringa [1]. U
kompleksima prelaznih metala planarni helatni prstenovi sa delokalizovanim n-vezama
mogu da grade steking interakcije sliéno aromati¢nim organskim molekulima. Nasi
predhodni rezultati su pokazali da se steking interakcije izmedu helatnih i Cg-aromati¢nih
prstenova javljaju u kristalnim strukturama kvadratno-planarnih kompleksa prelaznih metala
[2-4].

U ovom radu dati su dokazi o postojanju helat-helat steking interakcija
analiziranjem kristalnih struktura iz Kembricke strukturne baze podataka (CSD). Nase
istrazivanje je pokazalo da helat-helat steking interakcije postoje u velikom broju kristalnih
struktura neutralnih kvadratno-planarnih kompleksa koji poseduju planarne petoclane ili
Sestoclane helatne prstenove. Posebno su analizirane strukture sa izolovanim i
kondenzovanim helatnim prstenovima zato §to veli¢ina planarnog sistema ima uticaja na
steking interakcije.

Pretrazuju¢i CSD, koriste¢i definisane kriterijume pretrage, pronadene su 2322
strukture kvadratno-planarnih kompleksa u kojima su helatni prstenovi deo prosirenog m-
sistema, dok su u 892 strukture pronadene steking interakcije izmedu helatnih prstenova. U
slucaju izolovanih helatnih prstenova pronadena je 151 struktura, dok u 63 strukture postoje
steking interakcije izmedu helatnih prstenova. U kristalnim strukturama koje poseduju
kondenzovane helatne prstenove postoje tri glavne konformacije interaguju¢ih helatnih
prstenova: paralelne, prelazne i antiparalelne dok u strukturama sa izolovanim helatnim
prstenovima postoji veoma mali broj struktura sa prelaznom konformacijom.

[1] T. Steiner, Angew. Chem. Int. Ed. 41 (2002), 48-76.

[2] Z. D. Tomi¢, D. N. Sredojevié, S. D. Zari¢, Cryst. Growth Des. 6 (2006), 29-31.

[3] D. N. Sredojevi¢, Z. D. Tomié, S. D. Zari¢, Cent. Eur. J. Chem. 5 (2007), 20-31.

[4] D. N. Sredojevi¢, G.A. Bogdanovi¢, Z. D. Tomié, S. D. Zari¢, CrystEngComm. 9 (2007),
793-798.
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Stacking interactions are generally studied between aromatic organic molecules or
fragments, however, other planar molecules and fragments can be also involved in stacking
interactions. It was shown that planar chelate rings can form stacking interactions with
aromatic organic rings [1]. Recently, we showed that water molecule forms parallel
alignment interactions with C4 aromatic rings [2].

Here we analyze the geometry of n-n stacking interactions between the terpyridyl
ligands of square-planar transition metal complexes in crystal structures from the
Cambridge Structural Database (CSD) [3]. Terpiridine molecule coordinating to a metal ion
forms large planar system of five rings, three pyridine fragments and two chelate rings. We
classified overlaps of terpyridyl ligands in several types (I, II, IIl,, Illg, IV, and IVg type)
and analyzed mode of the packing in the crystal structures, where the distance between two
centers of pyridine fragments was limited to 4.6 A. In most of structures, interacting ligands
are oriented "head to tail" and the overlapping includes also the chelate ring. The most
numerous are interactions with overlap types IlI, and Illg. Further analysis of packing in
crystal strucutres showed that these stacking interactions form stacking series and dimers.
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[1] Z. D. Tomi¢, D. Sredojevié, S. D. Zarié, Cryst. Growth Des. 6 (2006), 29-31.
[2] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun. 48 (2008), 6546-6548.
[3] G. V. Janji¢, J. Andri¢, A. Kapor, Z. D. Bugarci¢, S. D. Zarié¢, Crystengcomm, in press.
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Steking interakcije uobiCajeno su ispitivane izmedu organskih molekula ili
fragmenata, mada je primeceno da i drugi planarni molekuli mogu biti ukljuceni u njih.
Naime, pokazano je da planarni helatni prstenovi mogu graditi steking interakcije sa
aromati¢nim organskim prstenovima [1]. Nedavno, pokazano je da molekul vode, takode
moze da se paralelno orijentise u odnosu na C6- aromaticni prsten [2].

U ovom radu prikazani su rezultati geometrijske analize m-m steking interakcija
izmedu terpiridinskih liganada u kristalnim strukturama kvadratno-planarnih kompleksa [3].
Kristalne strukture su dobijene pretragom Kembricke banke podataka (CSD), a anlizirane su
samo one strukture u kojima su medumolekulska rastojanja izmedu centara piridinskih
fragmenata kra¢a od 4,6 A. Molekul terpiridina, koordinovanjem za jon metala, formira
veliki planarni system, koji se sastoji od tri piridinska i dva helatna prstena. Klasifikovana
su sva preklapanju u nekoliko tipova ( tip I, II, IIl,, IIlg, IVA 1 IVp) 1 analizirani su nacini
pakovanja u kristalnim strukturama,. U veéini struktura, interagujuéi ligandi imaju ,,glava-
rep’’ orijentaciju, a u preklapnju obi¢no ucestvuju i helatni prstenovi. Najbrojnije su
interakcija sa Il i Illg tipom preklapanja. U daljoj analizi pokazano je da se interagujuci
terpiridinski ligandi pakuju tako da formiraju ili steking nizove ili dimere.
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[1] Z. D. Tomi¢, D. Sredojevié, S. D. Zarié, Cryst. Growth Des. 6 (2006), 29-31.
[2] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun. 48 (2008), 6546-6548.
[3] G. V. Janji¢, J. Andri¢, A. Kapor, Z. D. Bugarci¢, S. D. Zari¢, Crystengcomm, u Stampi
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The crystal and moleclar structure of s-cis-[Cr(edda)(acac)] complex (edda =
ethylenediamine-N,N'-diacetate, acac = acetylacetonate) has been determined, strong
intermolecular hydrogen bonds were found, and the chelate ring conformations were shown
to be comparable to those found in other structures containing the Cr(edda)” fragment
(retrieved from September 2009 update of CSD).

X-ray data were obtained on a monocrystal (0.52x0.42x0.40 mm) at 150 K, with a
Bruker SMART 1K CCD diffractometer. The structure is monoclinic, space group P2,/c,
with unit cell dimensions: a = 10.2588(9) A, b = 15.801(3) A, ¢ = 8.7015(11) A, and
B =101.201(9)°, Z = 4. The structure was solved by direct method (SIR97) and refined by
full matrix least squares using the SHELXTL program. The result shows a slightly distorted
octahedral coordination and symmetrical cis (s-cis)
configuration of edda. All values of bond lengths and
valence angles are in agreement with the metric data
on all complexes of Cr(IIl) with edda ligand reported
04 so far. The values of all endocyclic torsional angles
& in s-cis-[Cr(edda)(acac)] show that the chelate ring
c1 conformations are almost identical to those found in
other structures containing the Cr(edda)” fragment.

Each molecule of s-cis-[Cr(edda)(acac)] in
the crystal structure forms two pairs of strong inter-
molecular hydrogen bonds (between tertiary NH
groups and oxygen ligator atoms of the carboxylic
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[ ™
C11

Mg

group, thus binding to the neighbouring molecules
405 on both sides. In this way, s-cis-[Cr(edda)(acac)]
Fig. I: s-cis-[Cr(edda)(acac)] molecules form infinite linear strands parallel to the

crystallographic a axis, in which the adjacent

molecules have opposite absolute configurations. Achiral (syndiatactic) stereochemistry of
the strands is the requirement of the
centrosymmetric crystal lattice. %

Molecular-mechanics calculations G T X L
show a slight preference for the s-cis- /] é/ ol / 5 e
[Cr(edda)(acac)] isomer (approx. 2.05 Eé” ’Sl' &0 AN
kcal/mol) with respect to the other P i i
theoretically ~ possible  isomer,  the E¢ A » A'\,- 4 : » A"
unsymmetrical-cis (u-cis), which accounts . . B
for the prevalence of s-cis configuration in Fig. 2: Hydrogen bonds in s-cis-[Cr(edda)(acac)]
crystal structures.
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Opisana je kristalna i molekulska struktura s-cis-[Cr(edda)(acac)] kompleksa (edda
= etilendiamin-N,N'-diacetat, acac = acetilacetonat), nadene su jake intermolekulske
vodoni¢ne veze, uporedene su konformacije helatnih prstenova sa onima koje postoje u
ostalim strukturama sa koordinovanim Cr(edda)” fragmentom (iz CSD od septembra 2009.).

Difraktometrijski podaci dobijeni su na monokristalu (0,52%0,42x0,40 mm) na 150
K, pomoc¢u Bruker SMART 1K CCD difraktometra. Struktura je monoklini¢na, prostorna
grupa je P2,/c, a dimenzije jedini¢ne ¢elije su a = 10,2588(9) A, b = 15,801(3) A,
c=28,7015(11) A, B = 101,201(9)°, Z=4. Struktura je redena direktnom metodom (SIR97) i
utacnjena pomocu programa SHELXTL. Rezultati pokazuju da je ispitivani kompleks
priblizno  oktaedarske strukture 1 da ima
simetri¢nu-cis (s-cis) konfiguraciju. Sve vrednosti
duzina veza i uglova dobro se slazu sa metrickim
podacima svih do sada poznatih kompleksa Cr(III)
sa edda ligandom. Vrednosti svih endocikli¢nih
torzionih uglova s-cis-[Cr(edda)(acac)] pokazuju
da su konformacije helatnih prstenova skoro
identicne u svim struk-turama koje sadrze
Cr(edda)” fragment.

Svaki molekul s-cis-[Cr(edda)(acac)] u
kristalnoj strukturi formira dva para jakih inter-

08 molekulskih vodoni¢nih veza, izmedu tercijarne

2l NH grupe i koordinovanog kiseonika karbo-ksilne

@0 grupe, ¢ime se vezuje za susedne molekule s obe
Slika 1. s-cis-[Cr(edda)(acac)] strane. Na taj nacin, molekuli s-cis-

[Cr(edda)(acac)] formiraju linearne lance koje se prostiru paralelno kristalografskoj a osiiu
kojima susedni molekuli imaju suprotne apsolutne konfiguracije. Ahiralna (sindiatakti¢na)
stereohemija ovih lanaca je uslovljena

centrosimetriénom  prirodom  kristalne & 2 R . ® /
resetke. - v S Nosoosony 7R

. Molekulsko-mehanicki proracu- | L&./ ) ,—;_«_'7<]“' KZJ/ K]
ni pokazuju da je s-cis-[Cr(edda)(acac)] o<R7/K S~ Fo i - _\/ F
izomer nesto stabilniji (za 2,05 kcal/mol) /"4-’» \...-.\r i "“'\J --—'-\,
od drugog teorijski moguceg, nesi- A A A /
metricnog cis (u-cis) izomera, $to Slika 2.Vodoni¢ne veze u s-cis-[Cr(edda)(acac)]

objasnjava dominantno javljanje s-cis konfiguracija u kristalnim strukturama.
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In reaction of etilendiamine-N,N’-di-S,S5-(2,2’-dibenzyl)-etanoic acid and absolute
1-propanol, saturated with gaseous HCl O,O’-dipropyl-etilendiamine-N,N-di-S,S"-(2,2’-
-dibenzyl)-acetate dihydrochloride was obtained. In order to get crystals for X-ray structure
analysis, the white powder was resolved in small amount of dry 1-propanol and left for a
several days.

Crystallographic data: C,sH3sN,04-2HCI monoclinic system, space group P2,
a=52333(5) A, b=15.577 (2) A, ¢ = 16.8148 (19) A, 0. = 90°, B = 94.495 (10), y = 90°,
V = 13665 A’, Z = 2, w(MoKa) = 2.401 mm™, F(000) = 548, crystal size
0.2615 x 0.0364 x 0.0097 mm, R1=0.0521 and wR2 =0.1162 (for 5288 reflections with
>26 (I)). In the crystal exist intermolecular hydrogen bonds: N(01)-H(01A)---CI(2)
(H---A =2.26 A), N(02)-H(02B)--CI(1) (H---A =2.20 A).
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U reakciji etilendiamin-N, N -di-S,S-(2,2’-dibenzil)-etanske kiseline i apsolutnog
1-propanola (zasi¢enog hlorovodonikom) dobijen je O,O’-dipropil-etilendiamin-N, N -di-
S,87-(2,2’-dibenzil)-acetat dihidrohlorid. Kristali pogodni za rendgensku strukturnu analizu
dobijeni su stajanjem rastvora O,O’-dipropil-etilendiamin-N,N’-di-S,S’-(2,2’-dibenzil)-
acetat dihidrohlorida za vreme od nekoliko dana u maloj zapremini apsolutnog 1-propanola.

Kristalografski podaci: C,sH36N,O42HCl monoklini¢ni sistem, prostorna grupa
P2,,a=152333(5)A,b=15,577 (2) A, c = 16,8148 (19) A, a = 90°, B = 94,495 (10),

y=90° V =1366,5 A’, z =2, n(MoKa) = 2,401 mm™, F(000) = 548, veli¢ina kristala
0,2615 x 0,0364 x 0,0097 mm, R1 = 0,0521 and wR2 = 0,1162 (za 5288 refleksija sa
>20 (I)).

U kristalu postoje jake intermolekulske vodoni¢ne veze: N(01)-H(01A)---Cl(2)

(H---A =2,26 A), N(02)-H(02B)---CI(1) (H---A =2,20 A).
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Nanosized Bi,O; powder was successfully synthesized by applying the method
based on self-propagating room temperature reaction (SPRT) between bismuth(IIl) nitrate
[Bi(NO;);-5H,0] and sodium hydroxide (NaOH). X-ray powder diffraction (XRPD) and
Rietveld’s structure refinement method were applied to characterize prepared powder (Fig.
1). It revealed that synthesized material is single phase monoclinic a-Bi,O;, space group
P2,/c, with unit cell parameters a = 5.84605(4), b=28.16339(6), c=7.50788(6) A and
£ =112.9883(8) °. Powder particles were of nanometric size (about 50 nm). Raman spectral
studies conformed that obtained powder is a single phase a-Bi,Os. Specific surface area of
obtained powder was measured by Brunauer-Emmet-Teller (BET) method.
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Figure 1. XRPD pattern after the refinement procedure using Rietveld’s method
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Nanocesticni prah Bi,O; dobijen je primenom samostalno propagirajuce sinteze na
sobnoj temperature (SPRT metoda). Kao pocetni reagensi koris¢eni su bizmut(Ill)-nitrat
[Bi(NO;);-5H,0] i natrijum hidroksid (NaOH). Sintetizovani Bi,O; snimljen je na
rendgenskom difrakrometru za prah, a struktura je utacnjena Ritveldovom metodom (slika
1), pri ¢emu je nadeno da je dobijen monofazni a-Bi,O3 koji kristaliSe monoklini¢no, u
prostornoj grupi P2,/c. Utacnjavanjem su dobijeni slede¢i parametri kristalne reSetke:
a=15,84605(4), b=8,16339(6), c=7,50788(6) A i f=112,9883(8)°. Dobijeni prah ima
kristalite nanometarske veli¢ine (oko 50 nm). Metodom Ramanske spektroskopije
potvrdeno je da je sintetizovani prah monofazni a-Bi,0;. Primenom BET metode izmerena
je 1 specifi¢na povrsina dobijenog nanocesti¢nog a-Bi,Os.
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Slika 1. Dijagram praha nakon Ritveldovog uta¢njavanja
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Mechanochemical synthesis of ZnFe; 95YbsO4 was performed in a planetary ball
mill "pulverisette 4" equipped with tungsten carbide bowls and balls. X-ray powder
diffraction (XRPD) data (in situ and ex-situ measurements) of the samples were collected on
a PANalytical X'pert PRO MPD diffractometer. XRPD data were used for the refinement of
the structure parameters (lattice parameters and cations occupancies), as well as for
microstructure (crystallite size and microstrain) determination. The collected XRPD data of
as-prepared sample confirmed mechanochemical synthesis of spinel, as well as the presence
of hematite and tungsten carbide. Three phases Rietveld refinement and microstructure
determination were done by using Fullprof computer program. Percentage of both hematite
and tungsten carbide phases was less than 2 % together. It was found that crystallite size
increases from =7 nm to =11 nm with the increase of annealing temperature up to 600 °C.

The increase of unit cell with the increase of temperature of thermal annealing was
evident in both regimes. Parameters of linear tendency a=aytkt were: in situ ay=8.435(2) A,
k = 6.6(5):10° A/°C; ex-situ a, = 8.435(1) A, k = 1.2(2):10° A/°C. Changes of lattice
parameter for in situ regime were related to: (i) simple thermal expansion, (ii) changes in
cation distribution, (iii) crystallite size effect, and (iv) valence changes of polyvalent ions.
Ex-situ unit cell change was related to the effects (ii), (iii) and (iv). Both crystallite size
effect and valence changes had the same influence on in situ and ex-situ regimes.

Found cation distribution for both regimes showed ordering tendency with the
increase of temperature, leading to normal spinel structure. Occupation parameters of Fe’* at
octahedral sites for ex-situ measurements were slightly lower than corresponding in situ
values. After disregarding this difference, the linear thermal expansion coefficient was
calculated. The obtained value was 6.4(6)-10° 1/ °C.
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UTICAJ TEMPERATURE ZARENJA NA DISTRIBUCIJU
KATJONA I VELICINU KRISTALITA MEHANOHEMIJSKI
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Za mehanohemijsku sintezu ZnFe; 95YboosO4 koriS€en je planetarni mlin
,pulverisette 4” opremljen posudama i kuglama od volfram-karbida. Difraktogrami praha
pri zagrevanju (in situ rezim) kao i nakon Zarenja na razliitim temperaturama (ex-sifu
rezim) snimljeni su pomocu uredaja PANalytical X'pert PRO MPD. Podaci su koris¢eni za
utaénjavanje strukturnih parametara kao 1 za odredivanje veli¢ine kristalita i
mikronaprezanja. Difraktogram praha snimljen nakon mlevenja potvrdio je nastanak
jedinjenja sa spinelnom strukturom, ali i prisustvo hematita i volfram-karbida u malim
koli¢inama. Utacnjavanje je vrSeno pomocu programa Fullprof polaze¢i od literaturnih
podataka za pomenuti trofazni model. Maseni udeo hematita i volfram-karbida zajedno
manji je od 2 %. Utvrdeno je da porast tempareture zarenja do 600 °C, utiCe na porast
veli¢ine kristalita od =7 nm do ~11 nm.

Porast parametra elementarne Celije sa porastom temperature ustanovljen je u oba
rezima. Parametri linearne zavisnosti oblika a=aytkt iznose: in situ a,~8,435(2) A,
k= 6,6(5)-10" A/°C; ex-situ ay= 8,435(1) A, k = 1,2(2):10° A/°C. Promena parametra
elementarne celije u in situ rezimu je posledica: (i) termicke ekspanzije materijala, (ii)
promene u raspodeli katjona, (iii) uticaja veli¢ine kristalita i (iv) moguéih promena
valentnosti jona. U ex-sifu rezimu je promena parametra elementarne éelije povezana sa
efektima (ii), (iii) i (iv). Uticaj veliCine kristalita i promene valentnosti jona isti je u oba
rezima rada.

Utvrdena distribucija katjona u oba rezima rada pokazuje tendenciju ka uredenju sa
porastom temperature, $to dovodi do nastanka spinelne strukture sa normalnom raspodelom
katjona. Okupacioni parametri Fe’* jona na oktaedarskim mestima u ex-sifu rezimu
neznatno su manji u odnosu na vrednosti u in situ rezimu rada. Zanemarujuéi ovu razliku
izraCunata je vrednost linearnog koeficijenta termicke ekspanzije. Dobijena vrednost iznosi
6,4(6)10°1/°C.
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COPPER(II) COMPLEXES WITH 3-METHYL-5-OXO-1-PHENYL-3-
-PYRAZOLINE-4-CARBOXALDEHYDE THIOSEMICARBAZONE
AND 5-OXO-3-PHENYL-3-PYRAZOLINE-4-CARBOXALDEHYDE
THIOSEMICARBAZONE

G. A. Bogdanovié®, S. Trifunovié®, V. M. Leovac‘, M. D. Joksovi¢®, F. Heinemann®
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The polymeric (p-chlorido) square-pyramidal copper(Il) complexes of a general
formula {[Cu(L)(p-Cl)]Cl}, were obtained by reaction of the warm alcoholic solutions of
CuCl,-2H,0 and corresponding thiosemicarbazone ligands (L).

Crystal structure for both compounds was determined using single-crystal X-ray
diffraction data collected at 150 K on a Bruker Kappa APEX 2 [uS Duo diffractometer
(monochromated MoKa radiation, A = 0.71073 A). In both crystal structures the Cu(Il)
complex cations form polymeric chains, {{[Cu(L)CI]'},, using CI1 atom as a bridging
ligand. However the Cu-CIl1-Cu’ angle is very different for two compounds (95.7°
and 123° for [Cu(PzOPh-tsc)(u-Cl)]JC1 - H,O and [Cu(PzOMePh-tsc)(u-Cl)]Cl
respectively). Thiosemicarbazide-based ligand, L, is coordinated as a tridentate ligand with
a expected ONS coordination mode and two fused chelate rings (Cu-O-C-C-C-N and
Cu-N-N-C-S).

Crystallographic data. Compound 1: C;H;3CL,CuN;s0,S, monoclinic, space group
P2//c, a = 8.3310(6), b = 25.429(2), ¢ = 7.4926(5) A, p = 109.472(5)°, V = 1496.5(2) A°, Z
=4, p,=1.836 g cm™, = 1.969 mm™. The refinement on F° (199 parameters and 3540
independent reflections), R; = 0.0257, wR, = 0.0626, S = 1.064. Compound 2:
CpH3CLCuNsOS, monoclinic, space group P2i/c, a = 13.074(3), b = 15.573(3),
c=17.6542) A, p=95.657(5)°, V'=1550.9(6) A*, Z=4, p,=1.755 g ecm™, = 1.894 mm™".
The refinement on F° (200 parameters and 3445 independent reflections), R; = 0.0526,
wR,=0.1005, S=0.988.
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Polimerni (p-hlorido) kvadratno-piramidalni bakar(Il) kompleksi, opsSte formule
{[Cu(L)(u-CD)]CI}, su dobijeni reakcijom toplih alkoholnih rastvora CuCl,-2H,O i
odgovarajucih tiosemikarbazonskih liganada (L).

Eksperimentalni podaci prikupljeni su na difraktometru za monokristale Bruker
Kappa APEX 2 [uS Duo (monohromatsko MoKa zraéenje talasne duZine, A = 0.71073 A) i
to na temperturi od 150 K. Rendgenskom strukturnom analizom odredeno je da u obe
kristalne strukture bakar(Il) kompleksni katjoni formiraju polimerne lance,
{[Cu(L)CI]"},, sa CIl1 atomom kao mostnim ligandom. Medutim Cu-CI1-Cu’ ugao
se veoma razlikuje u ovim kompleksima (95.7° za [Cu(PzOPh-tsc)(u-C1)]CI - H,O i 123°
za [Cu(PzOMePh-tsc)(u-Cl)]CI).  Tiosemikarbazonski ligandi su koordinovani kao
tridentatni ligandi sa ocekivanom ONS koordinacijom formirajuci helatne Cu-O-C-C-C-N i
Cu-N-N-C-S prstenove.

Kristalografski podaci. Jedinjenje 1: C;;H;3Cl,CuN;O,S, monoklini¢ni sistem,
prostorna grupa P2,/c, a = 8.3310(6), b = 25.429(2), ¢ = 7.4926(5) A, p = 109.472(5)°,
V =1496.52) A’, Z =4, p, = 1.836 g cm™, 1 = 1.969 mm™. Utagnjavanje za F° (199
parametara i 3540 nezavisnih refleksija), R; = 0.0257, wR, = 0.0626, S = 1.064. Jedinjenje
2: C,H5C1L,CuNsOS, monoklini¢ni sistem, prostorna grupa P2i/c, a = 13.074(3),
b =15.573(3), c = 7.654(2) A, = 95.657(5)°, V' = 1550.9(6) A°, Z=4, p, = 1.755 g cm™,
u = 1.894 mm”. Utaénjavanje za F° (200 parametara i 3445 nezavisnih refleksija),
R;=0.0526, wR,=0.1005, S = 0.988.
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PETAL-LIKE POLYMERIC MANGANESE(II) COMPLEX WITH
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The study of the title polymeric complex, [Mn(tpht)(dipya),],, presents continuation
of our studies on synthesis and characterisation of ternary transition metal complexes with
dianion of terephthalic (1,4-benzenedicarboxylic) acid, tpht, and some aromatic diamines, as
2,2’-dipyridylamine, dipya [1].

Although the molar ratio of Mn*", tpht*™ and dipya in the starting mixture was 1:1:1,
the title complex contains two dipya ligands per one Mn. Thus, Mn”" ions are in a very
deformed octahedral environment consisting of four N atoms from two dipya and two O
atoms from different bis-monodentate bridging tpht ligands (O,N,N’, chromophore)
(Fig. 1). In this way, pairs of nonplanar dipya ligands can be described as double petals,
which are oriented in zigzag manner with respect to the rest of the polymeric chain running
along c-axis (Fig. 2). The intrachain Mn—Mn distance is 11.4057(4) A, typical for tpht
complexes [2]. According to this distance, the compound is probably a molecular magnet.

Uncoordinated O atoms from COO groups and the amine H atoms of dipya build
hydrogen bonds, N3—HS5...02, which connect adjacent chains. Therefore through hydrogen
bonds and -7 interactions (at 3.75 A) the zigzag chains are stacked into three-dimensional
architecture in the lattice.

Figure 1. Mn(II) coordination polyhedron.

Crystal data: CyHpMnNgO4, M,=561.46, monoclinic, space group C2/c,
a=8.1799(4), b=16.7500(6), c=18.9443(7) A, f=98,768(4) °, V'=2565,29(18) A°, Z=4,
F(000)=1156, py=1,454¢ cm>, H#(MoKa)=0,562 mm . The refinement on F?
(221 parameters) yielded R, = 0.043, wR, =0.077, S=1.00 for all data, and R, =0.031 for
1973 observed reflections with 7 > 26(/).

[1] J. Rogan, D. Poleti, Lj. Karanovi¢, G. Bogdanovi¢, A. Spasojevi¢-de Biré, D. M.
Petrovi¢, Polyhedron, 19 (2000), 1415-1421; Lj. Karanovi¢, D. Poleti, J. Rogan, G. A.
Bogdanovic¢, A. Spasojevi¢-de Biré, Acta Crystallogr., C58 (2002), m275-m279.

[2] E. G. Bakalbassis, J. Mrozinski, C. A. Tsipis, Inorg.Chem., 24 (1985) 3548-3553.
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Navedeni polimerni kompleks, [Mn(tpht)(dipya),],, predstavlja nastavak naSih
istrazivanja iz oblasti sinteze i karakterizacije ternernih kompleksa prelaznih metala sa
dianjonom tereftalne (1,4-benzendikarboksilne) kiseline, tpht, i nekim aromati¢nim
diaminima, kao §to je 2,2’-dipiridilamin, dipya [1].

Tako je molski odnos Mn?", tpht*” i dipya u pocetnoj smesi iznosio 1:1:1, navedeni
kompleks sadrzi dva dipya liganda po jednom atomu Mn. Tako se Mn*'-joni nalaze u vrlo
deformisanom oktaedarskom okruzenju koje ¢ine Cetiri atoma N iz dva dipya liganda i dva
atoma O iz razlic¢itih bis-monodentatnih mostovnih tpht liganada (O,N,N’, hromofora)
(slika 1). Na ovaj nacin, parovi neplanarnih dipya liganada izgledaju kao dvostruke latice sa
cik-cak orijentacijom u odnosu na ostatak polimernog lanca koji se proteze duz c-ose (slika
2). Rastojanje Mn—Mn unutar lanaca iznosi 11,4057(4) A, §to je tipi¢no za tpht-komplekse
[2]. Prema ovom rastojanju, jedinjenje je verovatno molekulski magnet.

Nekoordinirani atomi O iz COO -grupa i aminski atom H iz dipya grade vodoni¢ne
veze, N3-H5...02, koje povezuju susedne lance. Tako se cik-cak lanci drze vodoni¢nim
vezama i m-m interakcijama (na rastojanju 3,75 A) grade¢i trodimenzionalnu arhitekturu u
reSetki.

Slika 2. Prikaz cik-cak lanca posmatrano priblizno duz a-ose (c-osa je horizontalna).

Kristalografski podaci: CysH;yMnNgO4, M;= 561,46, monoklini¢ni sistem, prostorna
grupa  C2/c, a=8,1799(4), b=16,7500(6), c=18,9443(7)A, p=98,768(4)°,
V=2565,29(18) A®, Z=4, F(000)=1156, p,=1454gem>, u(MoKa)=0,562 mm .
Utacnjavanje sa F' 2 (221 parametar) dalo je R;=0,043, wR,=0,077, S=1,00 za sve
podatke, i R, = 0,031 za 1973 refleksije sa I > 2a6(/).

[1] J. Rogan, D. Poleti, Lj. Karanovi¢, G. Bogdanovié¢, A. Spasojevi¢-de Bir¢, D. M.
Petrovi¢, Polyhedron, 19 (2000), 1415-1421; Lj. Karanovi¢, D. Poleti, J. Rogan, G. A.
Bogdanovi¢, A. Spasojevic¢-de Biré, Acta Crystallogr., C58 (2002), m275-m279.

[2] E. G. Bakalbassis, J. Mrozinski, C. A. Tsipis, Inorg. Chem., 24 (1985) 3548-3553.
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CALCULATION OF AMINO ACID PROPENSITIES TOWARD
CERTAIN SECONDARY STRUCTURE TYPES

H. Grubor®, D. Z. Veljkovi¢®, S. N. Malkov”, S. D. Zari¢*

“Department of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade,
Serbia

Department of Mathematics, University of Belgrade, Studentski trg 16, 11000 Belgrade,
Serbia

‘ICTM, Njegoseva 12, 11 000 Belgarde, Serbia

e-mail: szaric@chem.bg.ac.rs

The conformational preferences of amino acids are very important for
understanding conformational interactions in proteins. Moreover, when used as propensities
they can be helpful in predicting secondary and tertiary structures of proteins. Propensity for
secondary structures represents an intrinsic property of amino acid, and it is now known that
different amino acids have distinct propensities for the adoption of helical, strand, and
random coil conformations. Several statistical studies were performed in order to calculate
amino acid propensities [1-3].

In our previous work we carried out study of propensities using statistical method
[4]. Clear preferences of amino acids towards certain secondary structures based on the
study, classify amino acids into four groups: a-helix preferrers, strand preferrers, turn and
bend preferrers, and His and Cys (the latter two amino acids show no clear preference for
any secondary structure). Amino acids in the same group have similar structural
characteristics at their CB and Cy atoms that predict their preference for a particular
secondary structure.

Here we compare other statistical methods for amino acid propensities with the
statistical method which we used in our previous work. Comparison was made on the basis
of correlation coefficients (p(s,p)). As a source of protein data we used structures archived
in Protein Data Bank (PDB). The secondary structure assignment was performed by the
program DSSP.

[1]P. Y. Chou, G. D. Fasman, Biochemistry, 13 (2) (1974), 211-222.

[2] M. Levitt, Biochemistry, 17 (1978), 4277-4285.

[3] V. 1. Lim, J.Mol.Biol, 88 (1974), 873-846.

[4] S.N. Malkov, M. V. Zivkovié, M. V. Beljanski, M. B. Hall, S. D. Zari¢, J Mol Model,
14 (2008) 769-775.
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[MpedepentHocT amMMHO KHcenMHA mpema ojapeljeHoj KoHdopmanuju je on
W3y3€THOI 3Hauyaja 3a pa3yMeBame KOH(DOPMALMOHMX WHTEpaKiyja Yy IMPOTEHHHMA.
IltaBuime, oHe Mory ma Oymy ox momohu 3a mpeaBubame CEKYHIAAPHHX M TEPUHUjapHUX
cTpyKTypa npoterHa. CKIOHOCT Ka oJjpeljeHnM CeKyHapHUM CTPYKTypama je BeoMa BayKHO
CBOJCTBO aMHMHO KHCEJIMHA, ¥ IaHAC CE 3Ha J]a pa3lInunuTe aMHHO KHCEINHE UMajy CKJIOHOCT
na ce Hal)y y jenHoj on koH(popMarmja poTerHa (XeNIHKe, IUIOYHIA, 3aBOjHUIA). Y paheHo
j€ ¥ BUIIE CTaTUCTUYKHX IIpOyYaBama Ja Ou ce u3padyHalle HaBe/IeHE CKIOHOCTH aMHHO
kucenuHa [1-3].

VY HameMm paHMjeM paly HpoydaBald cMO HpedepeHTHOCT aMHHO KHCEIHMHA
KopuhemeM CTaTUCTHIKOT MeTofa [4]. JacHa CKIIOHOCT aMUHO KHCENTHHA J1a CE jaBJbajy y
onpelheHoj cekyHaapHoj CTpYKTypu oMoryhaBa BHXOBO KIACH(HKOBAKE Y JeAHY O YETHPH
rpyme. Y IpBy TPYIy CIIajiajy OHE KOje UMajy TeXKIbY Ka 0-XeIHUKCY, Y IPYTY Ka [B-TUT0uunI,
y Tpehy cnaznajy oHe Koje MMajy TeXIby Ka 3aBHjyTKY, JIOK y YeTBPTYy Ipyny cnanajy His u
Cys (oBe mociefmhe ABC aMHHOKHCCIUHE HE MOKa3yjy jaCHy CKJIOHOCT HH IpeMa jeIHO]
KoHpoOpManuju). AMHHO KHCEIMHE HW3 HWCTE TIpyle HMajy CIHYHE CTPYKTYpHE
kapaktepuctuke y moryieny CB m Cy atoma Koju yka3dyjy Ha CKIIOHOCT Ka ojpeleHoj
CEKYH/IapPHO] CTPYKTYpH.

OBze cMO ymopeawsn oOcTajle CTaTHCTHYKE METOJle 3a padyyHame CKIOHOCTH
aMHMHO KHCelIHMHa Ka oarosapajyhoj koHdopMmanuju ca CTaTUCTUYKOM METOJOM KOjy CMO
NOHYJWIM y HameM paHujeM panay. Ilopeheme je n3BpIIEHO Ha OCHOBY BPEJHOCTH
KopesannoHnx koeduimjenara (p(s,p)). Kao n3sop noparaka KOpUCTHIIM CMO CTPYKTYpE U3
[Iporenncke 6anke momataka (PDB). [IpunucuBame CeKyHIApHUX CTPYKTYpa U3BPIICHO j€
nmomohy mporpama DSSP.

[11P. Y. Chou, G. D. Fasman, Biochemistry, 13 (2) (1974), 211-222.

[2] M. Levitt, Biochemistry, 17 (1978), 4277-4285.

[31 V. 1. Lim, J.Mol.Biol, 88 (1974), 873-846.

[4] S. N. Malkov, M. V. Zivkovié, M. V. Beljanski, M. B. Hall, S. D. Zari¢, J Mol Model,
14 (2008), 769-775
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It is well known that complex compounds of palladium(Il) are usually used as
model systems for better understanding the interaction of platinum(II) complexes, taking
into account that the first complexes are 10°-10° times more active than the second ones [1].

The titled compound was obained in reaction of tetrachoridopalladate(Il), O,0'-
diethyl-(S,S)-ethylenediamine-N, N -di-2-(3-methyl)butanoate and lithium hydroxide in a
molar ratio 1:1:2, at room temperature. The yellow compound was crystallized from mother
solution. The Pd atom was found in a square-planar coordination geometry with one ligand
coordinated through one carboxylic oxygen and two nitrogen atoms (K’N,N°, kO
coordination mode). The remaining coordination site is occupied by the chlorido ligand.

Crystallographic data: C,4H,sCIN,O4Pd, M, = 427.21, orthorhombic system, space
group P2,2,2,, crystal size 0.55x0.35%0.18 mm, p, = 1.150 g em’, Z =4, a = 6.1062(2),
b=10.5325(4), c = 29.115(2) A, V' = 1872.5(2) A>. Diffraction data were collected at room
temperature on a Bruker-Smart APEX II diffractometer using graphite-monochromatized

MoK, radiation (4 =0.71073 A).

“"\e

Figure 1. Structure of the complex

[1] T. Rau, R. van Eldik, in 4. Sigel and H. Sigein (Eds), Melal lons in Biological Systems,
Markel Dekker, New York, 32 (1996) 339
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Dobro je poznato da se kompleksi paladijuma(Il) obi¢no koriste kao model
molekuli za razumevanje interakcija platina(Il) kompleksa, uzimajuéi u obzir da su prvi
kompleksi 10°-10° puta reaktivniji nego drugi [1].

Kompeks je dobijen raakcijom tetrahloridopaladata(Il) i1 O,O’-dietil-(S,S)-
-etilendiamin-N, N -di-2-(3-dimetil)butanoata i litijum-hidroksida u molskom odnosu 1:1:2,
na sobnoj temperaturi. Zuti kristali dobijeni su iz matiénog rastvora. Formira se kvadratno-
-planarni kompleks, pri ¢emu se estar koordinuje preko jednog kaboksilnog kiseonika i
preko dva atoma azota (k*N,N ", kO). Preostalo koordinaciono mesto zauzima hlorido ligand.

Kristalografski podaci: Ci4H,sCIN,O4Pd, M, = 427,21, rombicni sistem, prostorna
grupa P2,2,2;, veli¢ina kristala 0,55%0,35x0,18 mm, p,=1.150 g em’l, Z=4,
a=6,1062(2), b = 10,5325(4), ¢ = 29,115(2) A, ¥ = 1872,5(2) A>. Eksperimentalni podaci
su sakupljeni na sobnoj temperaturi pomoc¢u Bruker-Smart APEX II difraktometra koristeci
grafit-monohromatizovano MoK, zraéenje (1 = 0,71073 A).
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Slika 1. Struktura dobijenog kompleksa

[1] T. Rau, R. van Eldik, in 4. Sigel and H. Sigein (Eds), Melal lons in Biological Systems,
Markel Dekker, New York, 32 (1996) 339
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TWO POLYMORPHS OF A SYN-FACIAL [TRICARBONYL(16; n1-

-BENZYL)CHROMIUM|MANGANESETRICARBONYL COMPLEX.

A SHORTER Cr-Mn DISTANCE INDUCED FROM THE CRYSTAL
PACKING?

J. Prevost™”, S. Novakovi¢®, N. Guiblin®, P. Fertey, J-P. Djuki¢’, A. Spasojevi¢ — de
Biré"

“Laboratoire “Structures Propriétés et Modélisation des Solides”, UMR 8580 du CNRS,
Ecole Centrale Paris, 92295 Chdtenay-Malabry, France; "Laboratory for theoretical and
condensed matter Physics, Institute Vinca, 11000 Belgrade, Serbia; “Synchrotron SOLEIL,
Orme des Merisiers - BP48, F-91192 Gif sur Yvette Cedex, France ; Unstitut de Chimie,
Université Louis Pasteur, 4 rue Blaise Pascal, 67000 Strasbourg, France.

The electronic structure and structural features of a series of 34 electrons syn-facial
Cr-Mn benzylic complexes were investigated in the light of a statistical study of the
geometrical properties of 14 structures obtained by X-ray diffraction analysis. The statistical
study shows that the Cr-to-Mn distance d,, is rather independent of the nature and steric size
of the substituents present at the benzylic carbon as well at remote position such as the
donor ligand. The distance d,,,, which amounts an average value of ca. 3.04 A is related to a
weak but real attractive bonding interaction whereby London dispersion prevails over
covalency and donor-acceptor interactions, as suggested by theoretical investigations using
density functional theory (DFT) [1,2]. One compound of the 14 compounds of this serie
presents the particularity to crystallize in two different polymorphs. One of these structures
has been determined through a synchrotron experiment, performed at Soleil [3] at low
temperature in order to determine the electron charge density and at consequently the
existence of a bond critical point on the metal-metal bond.

The present work presents an analysis of the crystal packing of these polymorphs
in order to discuss a structure relationship between the Cr-Mn distance and the crystalline
environment of the molecule.

[1] I. Hyla-Kryspin S. Grimm, J. P. Djuki¢, Organometalics, 28 (2008), 1001-1013
[2]J. P. Djukic, C. Michon, A. Berger, M. Pfeffer, A. de Cian, N. Kyritsakas-Gruber, J.
Organomet. Chem., 691 (2006), 846-858

[3] http://www.synchrotron-soleil.fr/
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Elektronska i strukturna svojstva syn-facijalnih Cr-Mn benzil-kompleksa ispitivana
su na osnovu statisticke analize geometrijskih karakteristika 14 kristalnih struktura
odredenih rendgenskom strukturne analizom. StatistiCka analiza pokazuje da je rastojanje
izmedu atoma Cr i Mn (d,,) nezavisno od prirode i veli¢ine ovih atoma, supstituenata
prisutnih na benzilnom atumu ugljenika, odnosno supstituenata na udaljenijim atomima
liganda. Na osnovu teorijskih DFT (,,Density functional theory”) izraCunavanja [1,2],
zakljuéeno je da se vrednost rastojanja d,, (koje u proseku iznosi 3.04 A) moze dovesti u
vezu sa slabim, ali privlaénim vezivnim interakcijama u kojima Londonove disperzivne sile
preovladavaju nad kovelentnim interakcijama, odnosno donora-akceptor interakcijama.
Jedno od 14 ispitivanih jedinjenja ima osobinu da kristali$e u vidu dva razlicita polimorfa.
Jedna od ovih kristalnih struktura je odredena na osnovu eksperimenta difrakcije
sinhrotronog zracenja, izvedenog na sinhrotronu ,,Soleil” [3]. Eksperiment je izveden na
niskoj temperaturi (100K) sa ciljem odredivanja raspodele elektronske gustine i kasnijem
ispitivanju postojanja kriticne tacke veze kojom bi se blize opisala priroda interakcije
izmedu atoma metala.

U ovom radu data je analiza kristalnih pakovanja dva polimorfa u cilju razmatranja
strukturne veze izmedu Mn-Cr rastojanja i kristalnog okruzenja molekula.

[1]I. Hyla-Kryspin S. Grimm, J. P. Djukic, Organometalics, (2008), 28, 1001-1013
[2]J. P. Djukic, C. Michon, A. Berger, M. Pfeffer, A. de Cian, N. Kyritsakas-Gruber, J.
Organomet. Chem., (2006), 691, 846-858

[3] http://www.synchrotron-soleil.fr/
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More than 100 structures containing the [V;(Og H,]** anion has already been

published. From a geometric point of view, the decavanadate anion [V00,]® appears very
rigid with really small variations in interatomic distances or bond angle values.
We have retrieved from the organic-organometallic database (CSD), the protein data base
(PDB) and an extensive bibliographic search 30 different crystalline structures, which imply
600 contacts for which the structure is of excellent crystalline quality. In a previous study,
we have experimentally determined the electron and electrostatic properties of two
decavanadate (figure 1a) based compound Na3V(O,5(C4N30Hs)3(C4N3OHg); - 10H,0 [1]
and (NHy)g [V10028] . 6H,0 [2]. From these results we have predicted the preferential non-
covalent interactions with the different oxygen atoms of the decavanadate anion. These
predictions are confirmed, in this statistical study. The non-covalent interactions are
strongly different depending on the oxygen atom type. The Ob and Oc oxygen atoms, for
which the electrostatic potential in the vicinity have the lowest value, are involved mainly in
the strong O-H...O, N-H...O while Of or Og are mainly involved in weakest hydrogen
bonds such as C-H...O or cation interactions. (figure 1b).

These results are important in the context of the various biological applications of
the decavanadate such as, for example, inhibition of the Ca* ATPase, myosin ATPase, and
new development in insulin mimetic.

[17 a) D. Krsti¢, M. Colovi¢, N. Bosnjakovi¢-Pavlovi¢, A. Spasojevi¢-de Biré, V. Vasic.
General Physiology and Biophysics, 28 (2009), 302-308 b) N. Bosnjakovic-Pavlovic, A.
Spasojevi¢ - de Biré, I. Tomaz, N. Bouhmaida, F. Avecilla, U. Mioc, J. Costa Pessoa, N.E.
Ghermani, Inorganic Chemistry, 48 (2009), 9742-9753 c) N. Bosnjakovic-Pavlovic, A.
Spasojevic - de Biré, J. Phys. Chem. A, (2010), in revision

[2] G. A. Bogdanovi¢, N. Bosnjakovic-Pavlovi¢, A. Spasojevi¢ - de Biré, N. E. Ghermani,
U. Mio¢, J. Serbian Chem. Soc., 72, (2007), 545-554
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Vise od 100 struktura koje sadrze dekavanadatni anjon [V¢Opg HX]6"‘ je
publikovano. Sa geometrijske tatke gledista, dekavanadatni anjon [V,00]" je veoma
rigidan, sa veoma malim varijacijama u duzinama veza i uglovima izmedju veza.

Pretrazivanjem Kembridzske baze strukturnih podataka (CSD), proteinske baze
podataka (PDB) i obimnim ispitivanjem 30 razliCitih kristalnih struktura koje sadrze
dekavanadatni anjon, pronasli smo oko 600 kontakata .U prethodnom istraZivanju, mi smo
eksperimentalno odredili elektronske i elekstrostaticke osobine dva dekavanadata
Na3V10028(C4N3OH5)3(C4N3OH6)3 10H20 [1] i (NH4)6 [V[()Ozg] . 6H20 [2] Na osnovu ovih
rezulatat mi smo pretpostavili nekovalentne interakcije sa razliCitim atomima kiseonika
dekavanadatnog anojna. Ova statisticka analiza je potvrdila nase prepostavke. Nekovalentne
interakcije su jako zavisne od tipa atoma kiseonika. Atomi kiseonika tipa Ob i Oc, za koje
smo nasli da elektrostaticki potencijal ima najnize vrednosti, grade uglavnom jake O-
H...O, N-H...O interakcije dok Of i Og grade slabije C-H...O interakcije.

Ovi rezultati su veoma =znacajni u cilju objasnjenja bioloske aktivnosti
dekavanadata, kao $to je na primer inhibicija Ca*" ATPaze, miozin ATPaze.

[17 a) D. Krsti¢, M. Colovi¢, N. Bosnjakovi¢-Pavlovi¢, A. Spasojevi¢-de Biré, V. Vasié.
General Physiology and Biophysics, 28 (2009), 302-308 b) N. Bosnjakovic-Pavlovic, A.
Spasojevi¢ - de Biré, I. Tomaz, N. Bouhmaida, F. Avecilla, U. Mioc, J. Costa Pessoa, N. E.
Ghermani, Inorganic Chemistry, 48 (2009), 9742-9753 ¢) N. Bosnjakovic-Pavlovic, A.
Spasojevic - de Biré, J Phys. Chem. A, (2010), in revision

[2] G. A. Bogdanovi¢, N. Bosnjakovic-Pavlovi¢, A. Spasojevi¢ - de Biré, N. E. Ghermani,
U. Mio¢, J. Serbian Chem. Soc., 72 (2007), 545-554
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There is tremendous pressure on the pharmaceutical industry to understand the
polymorphism of drugs in order to control and produce the most stable and effective
polymorphs. There is a growing awareness of the effects of polymorphism and pseudo-
polymorphism on the properties of drugs, such as their physical and chemical stability,
solubility, dissolution rate, bio-availability, and mechanical properties, and their
consequences on the manufacturing process. We have developed a fundamental approach to
study polymorphism, which combines high-resolution X-ray diffraction and ab initio
theoretical calculations. That would enable us to study the consequences of drug
polymorphism on the physical and chemical properties of drugs. Ideally, the experimental
study of polymorphism requires the possibility to crystallize the desired polymorphic forms
“at will” and to obtain new, yet uncharacterized phases.

Garetz and Myerson have invented an original nucleation method [1], termed
NPLIN, “Non-Photochemical Light-Induced Nucleation” that makes it possible to control
the nucleation process. We have already implemented this method at Ecole Centrale Paris
and tested it successfully on glycine [2].

Carbamazepine is anti-epileptic drug, a highly polymorphic compound (4 true
polymorphs, more than 20 hydrates or solvates) generally studied as a model compound for
studying polymorphism. It represents a suitable compound for the demonstration of the
feasibility of the NPLIN method for drug compound.

The polymorphs obtained after crystallization under NPLIN method will be
discussed according to the hypothesis that the optical Kerr effect is involved in the NPLIN
mechanism.

[1]J. Zaccaro, J. Matié, A. S. Myerson, B. A. Garetz, Cryst. Growth & Des. 1 (2001) 5-8
[2] This project has been done through the work of ECP-students team small-project during
the last years, Thanks to T. Bavicre, F. Laeuffer, P. Laignel, F. Synésius (2005-2006), S.
Bellani, E. Bothschafter, D. Dregely, S. Hadj-Messaoud (2007-2008), D. Miret (2009) F.
Degand, A. Grisey, H. Leterne, T. Rousseau, (2009-2010).

66



NUKLEACIJA INDUKOVANA NE-FOTOHEMIJSKOM
SVETLOSCU. SREDSTVO ZA KRISTALIZACIJU POLIMORFA NA
ZAHTEV? PRIMENA KARBAMAZEPINA

J. Prevost™”, H. Yang®, F. Dumas®, P. Scouflaire’, A. Spasojevi¢ — de Biré®

“Laboratorija “Strukture, svojstva i modelizacija ¢vrstih materija” (“Structures Propriétés
et Modélisation des Solides”), UMR 8580 du CNRS, Ecole Centrale Pariz, 92295 Chatenay-
Malabry, Francuska; "sadasnja adresa: Fakultet za fizicku hemiju, Beogradski univerzitet,
Postanski fah 47, 11001 Beograd, Srbija i Laboratorija za teoretsku fiziku, Institut Vinca,
11000 Beograd, Srbija; ‘Laboratorija BIOCIS, UMR 8076, Farmaceutski fakultet (Faculté
de Pharmacie), Univerzitet Pariz-Jug (Université Paris-Sud), 5, rue Jean-Baptiste Clément,
92296 Chatenay-Malabry, Francuska ; dLaboratorija EM2C, UPR 288 du CNRS, Ecole
Centrale Pariz, 92295 Chdtenay-Malabry Cedex, Francuska

Postoji snazan pritisak na farmaceutsku industriju da savlada polimorfizam lekova
kako bi mogla da kontroliSe i proizvede najstabilnije i najefikasnije polimorfe. Sve viSe se
shvataju efekti polimorfizma i pseudo-polimorfizma na svojstva lekova, kao Sto su njihova
fizicka 1 hemijska stabilnost, rastvorljivost, brzina rastvaranja (razlaganja), bio-
raspolozivost, i mehanicka svojstva, kao i njihove posledice po proizvodni proces. Razradili
smo fundamentalan pristup za izu€avanje polimorfizma, koji se sastoji u kombinovanju
difrakcije rendgenskih zrakova visoke rezolucije i teoretskih proracuna ab initio. To nam
omogucava da prouc¢imo posledice polimorfizma lekova po fizicka i hemijska svojstva
lekova. Teoretski gledano, eksperimentalno proucavanje polimorfizma zahteva moguénost
da se kristalizuju zeljeni polimorfni oblici, ,proizvoljno®, i da se dobiju nove, jo$
nespecifi¢ne faze.

Garec 1 Majerson su osmislili originalni metod nukleacije [1], nazvan NPLIN,
Nukleacija indukovana ne-fotohemijskom svetlo§¢u™ (“Non-Photochemical Light-Induced
Nucleation”) koja omogucava da se proces nukleacije kontrolise. U Ecole Centrale Paris
vec¢ smo primenili ovaj metod i uspe$no ga ispitali na glicinu [2].

Karbamazepin je lek protiv epilepsije, veoma polimorfno jedinjenje (4 prava
polimorfa, vise od 20 hidrata i rastvora), koje se opSte koristi kao model jedinjenje u
izu¢avanju polimorfizma. Ono predstavlja pogodno jedinjenje za demonstriranje
izvodljivosti metoda NPLIN kod jedinjenja lekova. O polimorfima dobijenim nakon
kristalizacije po NPLIN metodi razmatrace se shodno pretpostavci da je u NPLIN proceduru
ukljucen optic¢ki Kerov efekat.

[1]J. Zaccaro, J. Matic, A. S. Myerson, B. A. Garetz, Cryst. Growth & Des. 1 (2001) 5-8
[2] Ovaj projekat je uraden kroz rad studenata ECP — mali projekti, tokom proteklih godina,
i zahvaljujuéi T. Baviére, F. Laeuffer, P. Laignel, F. Synésius (2005-2006), S. Bellani, E.
Bothschafter, D. Dregely, S. Hadj-Messaoud (2007-2008), D. Miret (2009) F. Degand, A.
Grisey, H. Leterne, T. Rousseau, (2009-2010).
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In general, the hydrogen atoms were visible in the difference map of complex
[Cu(PLSC)Cl,]. Therefore, they were positioned geometrically and refined in a separate
hydrogen cycle (with soft restraints) before inclusion in the refinement using a riding model.
The exception was the hydrogen atoms for the oxygen of the disordered -CH,OH group.
They were not visible in the difference map mainly due to the disordered nature of the entire
-CH,OH group (Fig. 1). One of the reasons for the disorder can be explained by examining
the crystal packing. The hydrogen atom located on N13 of one molecule is pointing directly
towards the -CH,OH group of the adjacent molecule indicating that it cannot be act as a
hydrogen acceptor for the -CH,OH group (Figure 2). Attempts to manually add H atoms
based on the next nearest hydrogen bond acceptors gave improbable positions for the
hydrogen atoms with C-O-H angles close to 170°. Removing H131 would suggest the
presence of copper(Ill) which as well as highly unlikely disagrees with other results. For
this reason the hydroxyl hydrogen atoms on the disordered -CH,OH group were not include
in the final refinement.

1y
a7

Figure 1. Three dimensional Figure 2. Packing in [Cu(PLSC)ClL]
difference electron density map showing the disorder in the -CH,OH
showing the disorder in the -CH,OH and the implications for the hydrogen
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U principu, atomi vodonika su vidljivi na diferencijalnoj mapi kompleksa
[Cu(PLSC)Cl,]. Dakle, oni su geometrijski pozicionirani i utanjeni u posebnom
vodoni¢nom ciklusu (sa blagim ogranicenjima) pre ukljucivanja u preciziranje koristeci
"riding model". Izuzetak je bio atom vodonika vezan za kiseonik na —CH,OH grupi. Oni
nisu bili vidljivi u diferencijalnoj mapi uglavnom zbog neuredjene prirode cele -CH,OH
grupe (Slika 1). Jedan od razloga za poremecaj moZe se objasniti proucavanjem kristalnog
pakovanja. Atom vodonika vezan za N13 jednog molekula je direktno usmeren ka -CH,OH
grupi susednih molekula i ne moze delovati kao primalac vodonika za -CH,OH grupu
(Slika 2). Pokusaji da se ruéno doda H atom na osnovu sledeCeg najblizeg akceptora
vodoni¢nih veza je dao neverovatnu poziciju za atoma vodonika sa C-O-H uglovima blizu
170°. Uklanjanje H131 bi sugerisalo prisustvo bakra(IIl), §to nije u saglasnosti sa drugim
rezultatima. 1z tog razloga atomi vodonika na neuredenoj -CH,OH grupi nisu bili konac¢no
pozicionirani.

4,?
%8 g

Slika 1. Trodimenzionalna slika Slika 2. Pakovanje u [Cu(PLSC)Cl,]
koje pokazuje razliku u elektronskoj pokazuje neuredjenost u -CH,OH
gustini i neuredjenost -CH,OHgrupe grupi i implikacije na vodonik

69



THE CRYSTAL STRUCTURE OF [Cu(PLSC)(H,0)(SO4)]»'3H,0
COMPLEX

Violeta Jevtovic®, Dragoslay Vidovic”

'F aculty of Science, University of Novi Sad, Trg Dositeja Obradoviéa 4, 21000 Novi Sad,
Serbia; "Chemistry Research Laboratory, 13 Mansfeild Road, Departmant of Chemistry,
University of Oxford, Oxford, OX1 3TA, UK

e-mail: violeta.jevtovic@dh.uns.ac.rs

The [Cu(PLSC)(H,0)(SO4)],3H,0O was obtained in reaction of copper sulphate
pentahydrate and pyridoxal-semicarbazone (PLSC) in molar ratio 1:1. This green crystals
was undergone to elemental microanalyisis and X-ray sructure analysis.

The experimental results of the elemental analysis for C, H, N are in accordance
with calculated values. Found CigH34Cu,NgO 1S, (Mr = 857.73) (%): C, 25.27; H, 4.03; N,
13.13. Calculated: C, 25.21; H, 4.00; N, 13.06.The structure of the complex was solved and
refined using CRYSTAL 2000 program [1,2].

Results of structure refinement of the [Cu(PLSC)(H,0)(SO4)],3H,0
complex compound: triclinic, space group P-1, crystal size 0.21 x 0.15 x 0.09 mm’,
block shape and green coloured, a = 9.2575(2) A, b = 9.5857(2) A, ¢ =17.1333(3) A,
p = 82.9242(9)°, V = 1497.16(5) A®, Z = 2, p = 1.903 Mg/m’, F(000) = 880,
u = 1.660 mm’™, X(M(;Ka) = 0.71073 A, T = 150 K, 18928 reflection measured,

GOOF = 0.9624, sz(F ) = 0.1156 for 6800 unique reflections and 443 parameters, 0
restraints and R1(F) = 0.0564 for 0.01156 reflections obeying Fo > 40(F0) criterion of
observability.

[1] A. Altomare , G. Cascarano, C. Giacovazzo, A. Guagliardi, M. C.Burla, G. Polidori, M.
Camalli, SIR 92, a program for automatic solution of crystal structures by direct methods, J.
Appl. Crystallogr., 27 (1994) 435.

[2] P. W. Betteridge, J. R. Carruthers, R. 1. Cooper, J. Prout, D. J. Watkin, CRYSTAL
version 12: software for guided crystal structure analysis, J. App. Crystallogr., 36 (2003)
1487.
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Kompleks [Cu(PLSC)(H,O)(SO4)];3H,O je dobijen u reakciji bakar-sulfata-
pentahidrata i piridoksal-semikarbazona (PLSC) u molskom odnosu 1:1. Sastav kompleksa
je odreden elementalnom mikroanalizom, a struktura rendgenskom strukturnom analizom.

Eksperimentalni rezultati elementalne mikroanalize za C, H, N su u saglasnosti sa
teorijski izraCunatim vrednostima. Nadeno za C;gH34Cu,NgO19S, (Mr = 857.73) (%): C,
25,27; H, 4,03; N, 13,13. Izracunato (%): C, 25,21; H, 4,00; N, 13,06. Kristalna struktura
kompleksa je reSena i uta¢njena koris¢enjem CRYSTAL 2000 programa [1,2].

Resavanjem kristalne strukture kompleksa dobijeni su sledec¢i podaci: triklini¢an,
prostorna grupa P-1, veli¢ina kristala 0.21 x 0.15 x 0.09 mm’, a = 9.2575Q2) A,
b=9.5857(2) A, ¢ = 17.1333(3) A, f = 82.9242(9)°, V' = 1497.16(5) A’, Z=2, p = 1.903
Mg/m3, F(000) = 880, u = 1.660 mm-1, gl(MoKa) =0.71073 A, T = 150 K, izmerene su

18928 refleksije, GooF = 0.9624, WRZ(F) = 0.1156 za 6800 nezavisnih refleksija i 443
parametra, a R1(F) =0.0564 za opazenih refleksija sa 0.01156.

[17 A. Altomare , G. Cascarano, C. Giacovazzo, A. Guagliardi, M.C.Burla, G. Polidori,M.
Camalli, SIR 92- a program for automatic solution of crystal structures by direct methods, J.
Appl. Crystallogr., 27 (1994) 435.

[2] P. W. Betteridge, J. R. Carruthers, R. I. Cooper, J. Prout, D.J. Watkin, CRYSTAL
version 12: software for guided crystal structure analysis, J. App. Crystallogr., 36 (2003)
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