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DETAILED MAPPING OF THE LOCAL Ir** DIMERS IN THE
METALLIC STATE OF Culr,;S4 THIOSPINEL BY X-RAY ATOMIC
PAIR DISTRIBUTION FUNCTION MEASUREMENTS

E. S. Bozin **, A. S. Masadeh ¢, Y.-S. Hor %, J. F. Mitchell %, S. J. L. Billinge **

“Department of Condensed Matter Physics and Materials Science Brookhaven National
Laboratory, Upton, NY 11973, USA, "Department of Applied Physics and Applied
Mathematics, Columbia University, New York, NY 10027,USA, ‘Department of Physics and
Astronomy, Michigan State University, East Lansing, MI 48824, USA, and “Materials
Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

e-mail: eb2620@columbia.edu

Evolution of the short range structural signature of Ir*'-Ir*" dimer state in Culr,S4
thiospinel has been studied across the metal-insulator phase transition as the metallic state
is induced by temperature, Cr-doping, and x-ray irradiation. An atomic pair distribution
function (PDF) based approach, that gives structural information on different length-scales,
reveals that there are no local dimers that survive into the metallic phase when this is
invoked by temperature and doping. Structural hysteresis associated with the dimer state is
observed on cooling and warming cycles. At 100 K exposure to 98 keV x-ray beam melts
the long range dimer order within a few seconds, while the short range dimer structure
remains intact up to at least 60 Angstroms. Time permitting I will also present highlights on
recent PDF results pertaining to disorder in a class of important thermoelectric materials.

EB and SJLB accknowledge support from the Olffice of Science, U.S. Department
of Energy, under contract no. DE-AC02-98CHI10886. Data were collected at the 6IDD
beam line in the Midwest Universities Collaborative Access Team “MUCAT” sector at the
APS. Use of the Advanced Photon Source was supported by the U.S. Department of
Energy, Office of Science, Olffice of Basic Energy Sciences, under Contract No. DE-AC02-
06CH11357. The MUCAT sector at the APS is supported by the U.S. DOE, Office of
Science, Office of Basic Energy Sciences, through the Ames Laboratory under Contract
No. W-7405-Eng-8§2.



XVI KOHOEPEHIIMJA CPIICKOI' KPUCTAJIOTPA®CKOI JIPYIIITBA 3

JIETAJBHO MATIMPAIGE JIOKAJTHUX Ir*" TUMEPA Y
METAJIMYHOM CTABY Culr,;S4 THOCIIMHEJIA KOPUCTERHU
MEPEIA PEHAI'EHCKUM 3PALIUMA U AHAJIU3Y
OYHKIUJE JUCTPUBYLHUJE ATOMCKHUX ITAPOBA

E. C. Boxun *®, A, S. Masadeh ¢, Y.-S. Hor ¢, J. F. Mitchell , S. J. L. Billinge **

“Department of Condensed Matter Physics and Materials Science Brookhaven National
Laboratory, Upton, NY 11973, USA, "Department of Applied Physics and Applied
Mathematics, Columbia University, New York, NY 10027, USA, “Department of Physics
and Astronomy, Michigan State University, East Lansing, MI 48824, USA, and *Materials
Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

e-mail: eb2620@columbia.edu

EBOTyIHja KpaTKOAOMETHHX CTPYKTypHEX muamkatopa Ir''-Ir*" mmmep-crama y
Culr,S4 THOCTIMHENY JeTajbHO je NpOoydyaBaHa MPEKO TpaHHIE METal-H30JIaTop (a3HoT
mpenaza KajJa je METAIMYHO CTamke WHAYKOBAaHO TemieparypoM, Cr-IonupameM, H
panujannjoM peHAreHCKuX 3paka. I[lpucryn OasupaH Ha (QYHKUMjU AUCTpUOyLHje
atomckux mnapoBa (IIA®P), koju mpyxa CTpyKTypHE HHPOpMAIMje Ha pa3InuuTHM
Iy’>KHHCKUM CKaJjlaMa, OTKPHBA Jla JIOKAJTHU IUMEpHU He OICTajy Y MEeTaIndHOj (ha3u Kaja je
OBa MHAYKOBaHAa TEMIEPaTypoM U JonupameM. [Ipun MepemnMa y DUKITycHMa Xiahema u
rpejama mpuMmeheH je CTPyKTYpHH XHCTEpe3HC IOBE3aH ca JAUMEpHHM CcrameMm. Ha
temneparypu on 100 K ekcros3uiija y3opka peHAreHCKHM 3panuma enepruje 98 keV
YKJIama JIyroJOMETHO ypeheme quMepa y OKBUPY HEKOJIMKO CEKYH/IHU, JIOK KPaTKOJOMETHO
ypeheHa IouMepHa CTPYKTypa OCTajeé HEeTaKHyTa Ha Jy)KHMHCKO] CKanud oJf HajMame 60
aHrcTpema. YKOJIMKO TO Bpeme Oyne H03BoJbaBasio, ocBpHyhy ce u Ha HoBe 1D
pe3ynTaTte Koju ce OJHOCe Ha Heypel)eHOCT y KIach BaXHUX TEPMOCICKTPUIHUX
MaTepujana.

EE u SJILB ce saxsamyjy Ha ¢punancujckoj noopuyu Kanyenapuje 3a Hayky
denapmmana 3a enepeujy enaoe CAJl, noo yeosopom opoj DE-AC02-98CH10886. Ilooayu
¢y npukynmenu ua 6IDD excnepumenmannoj aunuju y oxeupy “Midwest Universities
Collaborative Access Team (MUCAT)” cexmopa na HanpedHom useopy gomona (APS).
Kopuwherwe nanpeonoe uzeéopa ¢omona je unancupano oo cmpane Kanyenapuje za
HAyKy, Kauyenapuje 3a OCHOBHA EHePeemCKAa UCMPANCUBAIbA OenapmMaHd 3d eHepeujy
enade CAJ], kpo3z yeoeop 6poj DE-AC02-06CHI11357. MUCAT cexmop npu APS 00
cmpane Kanyenapuje sa nayxy, kanyeiapuje 3a OCHOBHA €HEP2eMCKA UCHMPAICUBAILA
denapmmana 3a eumepeujy énrade CAJl, npexo nabopamopuje Ames kpo3 yeoeop 6poj W-
7405-Eng-8§2.
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RECENT DEVELOPMENTS ON X-RAY SOURCES AND OPTICS TO
ADVANCE DIFFRACTION EXPERIMENTS
IN THE HOME LAB

Horst Borrmann

Max Planck Institute for Chemical Physics of Solids, Noethnitzer Strasse 40, 01187
Dresden, Germany
e-mail: borrmann@cpfs.mpg.de

Besides higher brilliance the main advantage of synchrotron X-ray sources in
contrast to generally available laboratory sources is the lack of broader energy dispersion.
Some recent ideas and developments will be presented which show how new developments
with X-ray sources but also with respective optical devices provided for dramatic advances
with diffraction experiments, but without having to visit a synchrotron. A selection of
structural investigations of quite diverse compounds will demonstrate how these
developments allowed for major progress and even opened up new possibilities. Finally,
fascinating results originating from a perfect interplay of phase contrast along with
absorption contrast will be presented. These experiments are offering entirely new
possibilities well beyond the typical structure investigation applying diffraction methods.
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CRYSTAL AND ELECTRONIC STRUCTURE OF
(E)-4-(2,4-DIISOPROPYLPHENYL)-4-OX0-2-BUTENOIC ACID

S. B. Novakovi¢ *, G. A. Bogdanovié¢ *, B. J. Drakuli¢ ”, A. Spasojevi¢-de Biré ¢,
I. O. Jurani¢ *

“"Vinca* Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed
Matter Physics, P.O. Box 522, 11001 Belgrade, Serbia; "Department of Chemistry,
Institute of Chemistry, Technology and Metallurgy, NjegoSeva 12, 11000 Belgrade, Serbia;
‘Laboratoire SPMS, UMR 8580 CNRS, Ecole Centrale Paris, 92295 Chdtenay-Malabry,
France; “Faculty of Chemistry, University of Belgrade, P.O. Box 158, 11001 Belgrade,
Serbia

e-mail: snovak@vinca.rs

(E)-4-aryl-4-oxo0-2-butenoic acids exhibit antiproliferative action toward human
cervix carcinoma HeLa cells [1]. (E)-4-(2,4-diisopropylphenyl)-4-oxo-2-butenoic acid is a
precursor of one of the most active mercapto derivative [2] that selectively suppress
proliferation of neoplastic HeLa cells. It was observed that introduction of branched alkyl
substituents on phenyl ring significantly increases cytostatic activity of the compounds.
This can be related to the increased lipophilicity and thus to the non-polar and weak
interactions which predominantly involve the aryl moiety. Here we present the results of
the X-ray high resolution charge density study of (F)-4-(2,4-diisopropylphenyl)-4-oxo-2-
butenoic acid with the aim to gain more details about the electronic properties of the
molecule as well as the electronic and topological characteristics of the intermolecular
interactions. We employed: Hansen-Coppens multipole formalism [3], topological analysis
of the total electron density based on the Bader’s theory of Atoms in Molecules (AIM) [4]
and analysis of the electrostatic potential [5].

[1] (a) Z. Jurani¢, Lj. Stevovi¢, B. Drakuli¢, T. Stanojkovi¢, S. Radulovié, 1. Juranié, J. Serb. Chem.
Soc. 64 (1999), 505; (b) K. Bowden, A. DelPozzo, C. K. J. Duah, Chem. Res., 377 (1990), 2801.

[2] B. J. Drakuli¢, Z. D. Jurani¢, T. P Stanojkovi¢, I. O. Jurani¢, J. Med. Chem., 48 (2005), 5600.

[3] (a) P. Coppens, X-ray Charge Density and Chemical Bonding; Oxford University press 1997.; (b)
P. Coppens, Acta Cryst., A54 (1998), 779; (c) T. S. Koritsanszky; P. Coppens, Chem. Rev., 101
(2001), 1583.

[4] R. F. W. Bader, Atoms in Molecules: a Quantum Theory, Clarendon Press: New York, 1990.

[5] P. Politzer, D. G. Truhlar, Chemical Applications of Atomic and Molecular Electrostatic
Potentials. Eds. Plenum, New York, 1981.
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KRISTALNA I ELEKTRONSKA STRUKTURA
(E)-4-(2,4-DIIZOPROPILFENIL)-4-OKSO-2-BUTANOILNE
KISELINE

S. B. Novakovi¢ *, G. A. Bogdanovié¢ *, B. J. Drakuli¢ ®, A. Spasojevi¢-de Biré ¢,

L. O. Jurani¢

“Institut za nuklearne nauke ,,Vinca”, Laboratorija za teorijsku fiziku i fiziku kondenzovane
materije, P. P. 522, 11001 Beograd, Srbija; bDepartman za hemiju, Institut za hemiju,
tehnologiju i metalurgiju, NjegoSeva 12, 11000 Beograd, Srbija; ‘Laboratory SPMS, UMR
8580 CNRS, Ecole Centrale Paris, 92295 Chatenay-Malabry, Francuska; dHemijski
fakultet, Univerzitet u Beogradu, P.P. 158, 11001, Beograd, Srbija

e-mail: snovak@vinca.rs

(E)-4-aril-4-okso-2-butanoilne kiseline pokazuju antiproliferativno dejstvo prema
HeLa ¢elijama humanog karcinoma grli¢a materice [1]. (E)-4-(2,4-diizopropilfenil)-4-okso-
2-butanoilna kiselina je prekursor jednog od najaktivnijih merkapto-derivata koji
selektivno zaustavlja proliferaciju HeLa ¢elija [2]. Zapazeno je da prisustvo razgranatih
alkilnih supstituenata na fenilnom prstenu znacajno povecava citostatsku aktivnost ovih
jedinjenja. Ovakvo ponasanje se moze dovesti u vezu za povecanom lipofilnos¢u i slabim
nepolarnim interakcijama koje prvenstveno ukljuuju arilni deo molekula. Ovde
predstavljamo rezultate analize raspodele gustine naelektrisanja u molekulu (E)-4-(2,4-
diizopropilfenil)-4-okso-2-butanoilne kiseline zasnovane na eksperimentu difrakcije
rendgenskog zraCenja visoke rezolucije. Analiza ima za cilj detaljan opis elektronske
strukture molekula kao i elektronskih i topoloskih karakteristika intermolekulskih
interakcija. U analizi su primenjeni: Hansen-Kopensov multipol-formalizam [3], topoloska
analiza ukupne elektronske gustine zasnovana na Baderovoj teoriji ,,Atomi u molekulima”
[4] i ispitivanje elektrostatiCkog potencijala [5].

[1] (a) Z. Jurani¢, Lj. Stevovi¢, B. Drakuli¢, T. Stanojkovi¢, S. Radulovi¢, 1. Jurani¢, J. Serb. Chem.
Soc. 64 (1999), 505; (b) K. Bowden, A. DelPozzo, C. K. J. Duah, Chem. Res., 377 (1990), 2801.

[2] B. J. Drakuli¢, Z. D. Jurani¢, T. P Stanojkovi¢, I. O. Juranic¢, J. Med. Chem., 48 (2005), 5600.

[3] (a) P. Coppens, X-ray Charge Density and Chemical Bonding; Oxford University press 1997.; (b)
P. Coppens, Acta Cryst., A54 (1998), 779; (c) T. S. Koritsanszky; P. Coppens, Chem. Rev., 101
(2001), 1583.

[4] R. F. W. Bader, Atoms in Molecules: a Quantum Theory, Clarendon Press: New York, 1990.

[5] P. Politzer, D. G. Truhlar, Chemical Applications of Atomic and Molecular Electrostatic
Potentials. Eds. Plenum, New York, 1981.
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CRYSTALLOGRAPHIC AND QUANTUM CHEMICAL
INVESTIGATIONS OF C-H...O INTERACTIONS BETWEEN
WATER MOLECULE AND Cs-AROMATIC GROUP

D. Z. Veljkovi¢ *, G. V. Janji¢ °, S. D. Zari¢ *

“Department of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade,
Serbia; bIHTM, Njegoseva 12, 11000 Belgrade, Serbia
e-mail: szaric@chem.bg.ac.yu

Noncovalent C—H...O interactions are of great importance in chemistry, biology
and biochemistry. These interactions have been observed in various molecular systems and
it is known that they play a prominent role in crystal packing and conformation control, as
well as in stabilization of protein structures and DNA base pairs.

Here we present the results of geometrical analysis of intermolecular C-H...O
interactions between Cg-aromatic group and non-coordinated water molecule in crystal
structures archived in Cambridge Structural Database. We also carried out high level ab
initio calculations. The investigation of interactions in crystal structures was based on
geometrical analysis. Crystall structures involving non-coordinated water molecules and
Ce-aryl groups were screened for intermolecular contacts. We searched for structures
satisfying the geometric criteria for C—H...O interactions [1,2]. Among the CSD crystal
structures we found 3576 short intermolecular contacts between water molecule and Ce-
aromatic ring which satisfy these criteria. High level ab initio calculations were performed
on water-benzene model system. It was observed that in C—H...O interactions between Cg-
aromatic group and water molecule a linear alignment of donor carbon atom, hydrogen and
acceptor oxygen atom is not favored, although this is characteristic for this type of
noncovalent interactions in other systems. Ab initio calculations were in good agreement
with geometrical analysis of crystallographic data. The visual analysis of structures and ab
initio calculations showed that deviation from linear arrangement is a consequence of
tendency of water molecule to make energetically more stable bifurcated interaction with
two adjoining hydrogen atoms from aromatic group.

Fig. 1. Model of benzene—water system with the lowest energy (a) and one example
of crystall structure with bifurcated interaction (b)

[1] T.Steiner, J. Am. Chem. Soc., 115 (1993), 4540-4547.
[2] T.Steiner, New J. Chem., (1998), 1099-1103.
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KPUCTAJIOT'PA®CKO U KBAHTHO-XEMUHJCKO
HNCTPAXKUBAIBE C-H...O UHTEPAKIIUJA U3MEBY
HEKOOPIWUHOBAHOI' MOJIEKYJIA BOJAE U
Ce-APOMATHUYHE I'PYIIE

JI. %K. Besskosuh °, I'. B. Jawuh °, C. JI. 3apuh *

“Xemujcxu paxyrmem, Cmydenmcxu mpe 16, 11000 beoepao, Cpouja; PHUXTM, becowesa
12, 11000 Beoepao, Cpbuja
e-mail: szaric@chem.bg.ac.yu

HexoBanentne C—H...O uHTepakiyje Cy 0/ BEJIUKOT 3Ha4aja Y XeMH]jH, OUOJIOTHjH
u 6uoxemuju. OBe MHTEpaKIMje Cy NpuMeheHe y pa3IuuUTUM MOJIEKYJICKUM CHUCTEMUMA U
MO3HATO je Jia UMajy BaXKHY YJOTY Y KPHCTaJIHOM MaKOBamy, KOHTPOIH KOH(opmaiwje,
CTaOMIN30Bay NPOTEUHCKUX CTPYKTypa U IapoBa a3oTHuX 6aza 'y JJHK.

OBze CMO IpHKa3aId pe3yiTare [EOMETPUjCKE aHallM3€ WHTEPMOJICKYICKUX
C-H...O unrepaxkiuja usmely Cg-apoMaTHIHE TPyIe U HEKOOPAMHOBAHOT MOJICKYJIa BOJE
y KPUCTAJTHAM CTPYKTypaMma Koje ce Hanaze y KemOpuukoj 6a3u kprcTagorpadcKux moja-
taka. Takohe cy obaBibeHH U ab initio IpopadyHH BHUCOKOT HHUBOA. [IpoydaBame MHTEpaK-
[Uja y KPUCTAIHUM CTPYKTypama 0a3upalii cMO Ha reoMeTpHjckoj aHanus3u. Kopumihene
Cy caMo OHE CTPYKTYype Koje 3a710B0JbaBajy kpyrepujyme 3a C—H...O unrepakumje [1,2]. Y
KemOpuukoj 6aHm nogaraka mpoHanuix ¢cMo 3576 melyMonekyncKix KoHTakarta uzMmely
BoJie U Cg-apOMaTHYHOT MIPCTECHA KOj€ 337I0BOJbaBajy OBE KpUTEpUjyMe. Ab initio mpopady-
HH BHCOKOT HUBOA ypal)eHu cy Ha Mozeln cucteMy Bona—OenseH. [Ipumeheno je ma xox C—
H...O unrepaxuuja usmely Cg-apoMaTHyHe TpyIe U MOJNEKyJa Boae HUje GaBOpHU30BaH JIU-
HeapaH pacropes JOHOPHOT YIJbeHHKOBOT aTOMa, BOJAOHHKA M AKIENTOPCKOT KHCCOHHKA
BOJIE, MaKO jeé TO KapaKTEPUCTUYHO 3a OBAj THI HEKOBAJIECHTHUX HHTEpaKLUja Y IPYIUM
cucremuMa. Ab initio mpopadyHH Cy HaidM jako ao0pa ciarama ca TI'eOMETPHjCKOM
aHaM30M KpUCTaJorpadckux mojaraka. Bu3yemHOM aHaNIW30M CTPYKTypa W ab initio
npopadyyHuMa Hal)eHO je /a je OICTymame OJ JIMHEApHOT pacropesia MOCIeIUla TeKbEe
MOJIEKyJIa BOZAE Ja Harpaad eHepreTCKU IOBOJbHU]Y OMdypKOBaHY MHTEpaKIHjy ca JBa
Cyce/lHa BOJOHHKOBA aTOMa apoOMaTH4HE TpyIIe.

e _
T Tk =g
<. . 3 " I
,/\?/\ W r,\
S CY I ®
Cruka 1. Mogen cucrtema OeH3eH—BO/Ia Ca HAjHHKOM SHEPTHjoM (a) U IpUMEpP KPHUCTATHE

CTpyKType ca 6udypkoBaHOM HHTEpaKnujoM (0)

[1]T. Steiner, J. Am. Chem. Soc., 115 (1993), 4540-4547.
[2] T. Steiner, New J. Chem., (1998.), 1099-1103.
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A NEW INORGANIC-ORGANIC HYBRID COMPOUND,
BIS(ETHYLENEDIAMMONIUM) catena-BIS(PHOSPHATO(V))
ZINCATE, (H;NCH,CH,NH3),[Zn(PO.),]

S. Sutovi¢?, Lj. Karanovié *, D. Poleti”

“Laboratory for Crystallography, Faculty of Mining and Geology, University of Belgrade,
Pusina 7, 11000 Belgrade, Serbia, "Faculty of Technology and Metallurgy, University of
Belgrade, Karnegijeva 4, 11000 Belgrade, Serbia

e-mail: sabinakovac@yahoo.com

The title compound (H;NCH,CH,NH;),[Zn(PO,),] crystallizes in the
orthorhombic system, space group Pccn (56) and has a novel structure type. The colorless
prismatic crystals were synthesized hydrothermally from a mixture of Zns(COs),05-4H,0,
(NH4),HPO,4 and 1 ml of ethylenediamine in an aqueous medium. The crystal structure was
determined using single-crystal X-ray diffraction data (CCD detector, MoKa radiation,
296 K, Onax = 26.32 °). The refinement on F 2 with 118 parameters and 1319 unique
reflections yielded R, = 0.0256, wR, = 0.0474, and R, = 0.0199 for 1107 observed
reflections with I > 26(J). Crystal data: a = 17.2060(7), b = 8.4950(3), c = 8.7843(3) A,
V'=1283.96(17) A*, Z=4.

The crystal structure consists of [Zn(POy),], chains, running along the [001]
direction, and diprotonated ethylenediammonium cations, Hyen®" (Fig. 1). The zinc atom is
coordinated by four
oxygen atoms from PO,
group  providing a
distorted tetrahedral
geometry with an
average Zn—O distance
of 1.935(1)A. The P
exhibits nearly regular
tetrahedral coordination
with a mean P-O
distance of 1.534(1) A.
Four alternating ZnO,

Fig. 1. The [Zn(PO,),], chains of ZnO, and PO, vertex- and PO, vertex-sharing

sharing tetrahedra with Hyen®" cations. tetrahedra generate four-
membered rings, which

further share common ZnQO, tetrahedra making above-mentioned [Zn(PO,),], chains. In this
way, each ZnO, tetrahedron is connected to four PO, tetrahedra and each PO, tetrahedron
is connected to two ZnOy tetrahedra. The interchain space is filled by Hyen®" cations that
interconnect the adjacent chains through a network of hydrogen bonds. The H,en?" adopts
anti conformation with a dihedral N1-C1-C2-N2 angle of 168.1(2) © and central C1-C2
bond distance of 1.507(3) A. Both N atoms act as triple hydrogen bond donors and are
linked to 6 O atoms from adjacent inorganic chains.
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HOBU HEOPTAHCKO-OPT'AHCKH XUEPH]]
BUC(ETWIEHIUAMOHUYM) catena-BUC(@OCPATO(V))-
UHKAT, (HsNCH,CH,NH3),[Zn(POy);]

C. lllyrosuh *, Jb. Kapanosuh *, JI. loaern®

“Jlabopamopuja 3a kpucmanozpagujy, Pyoapcko-eeonowru gaxyimem, YHusepzumem y
Beoepady, Bywuna 7, 11000 Beoepad, Cpéuja, °Texnonowko-wemanypuiu gaxyimem,
Yuueepsumem y Beoepaody, Kapneeujesa 4, 11000 Bbeoepao, Cpouja

e-mail: sabinakovac@yahoo.com

Heoprancko-oprancku xubpua, (H;NCH,CH,NH;),[Zn(PO,),], xpucramuime y
POMOMYHOM CUCTEMY, NPOCTOpHA rpyna Pccn (56) U npeacTaBba HOBU CTPYKTYPHH THIL.
be360jHN NMPU3MATHYHU KPHCTAH OBOT jeJHI-CHa JOOUjEHH Cy XHAPOTEPMAITHOM METO-
JIOM Kao npou3Boj peakuuje usmehy Zns(CO;),054H,0, (NH,),HPO, 1 1 ml eTunenaua-
MHHa y Bonu. ExcriepiMeHTamHM MOJANy NMPUKYIUBEHH Cy Ha IH(PPAKTOMETPY 32 MOHO-
kpuctane (CCD nmerextop, MoKa pernrencko 3pauewme, 296 K, 0. = 26,32 ©). YTauma-
BameM 118 mapamerapa nobujene cy cienehe Bpennoctu R-daxropa: R, = 0,0256, wR, =
=0,0474 3a cBux 1319 pednexcuja u R, = 0,0199 3a 1107 pedrnekcuja ca I > 20(1). Jeou-
nuuna henuja: a = 17,2060(7), b = 8,4950(3), ¢ = 8,7843(3) A, V= 1283,96(17) A°, Z=4.

KpucranHa ctpykrypa jenumema cactoju ce ox [Zn(PO,),], nanama, koju ce
npyxajy myx mpasua [001], ¥ IBOCTpYKO MPOTOHOBAHHX KaTjoHa eTHieHmamuma, Hoen®'.
Yetupu atoma kuceonumka u3 PO, Trpyma rpane Oko IIMHKAa HENpaBWIIAH TeTpaejap ca
npoceunuM pacTojameM Zn—O = 1,935(1) A. ®ocdop ce jaBiba y rOTOBO HIEANTHO] TETpa-
€/1apCKOj KOOPJMHAIMjU Ca TIPOCEYHUM
P-O pacrojamem ox 1,534(1) A. TTose-
3uBameM aBa ZnO4 u aa PO, Terpa-
elpa HacTajy YeTBOPOWIAHU MPCTEHO-
Bu. [lomITO TPCTEHOBM WMajy 3ajel-
Huuke ZnO4 TeTpaenpe Jonasu 0
nonuMmepusanuje 'y Beh momeHyte
nanue [Zn(POy),],. Ha Taj HaunH cBa-
ku ZnO,4 TeTpaenap MoBe3aH je ca ue-
tupu PO, Tetpaenpa, 1ok je cBaku PO,
TeTpaeaap nosesaH ca aBa ZnO, TeTpa-
epa NpPEeKO 3ajeJIHUYKHUX KHCEOHHKA.
IIpocrop m3mehy nanama ucrymeH je
H,en®" kaTjoHuMa Koju MOBe3yjy JaHIe

IIPEKO MpeXe BOJOHHYHHX  Be3a.

Crnuxka 1. BomornuHe Be3e. H.en”" wuMa anti xonbopMammjy ca

top3uoHuM yriom N1-C1-C2-N2 ox

168,1(2) ° u nenrpanaum pactojamem C1-C2 ox 1,507 (3) A. O6a atoma a3ora nonamajy

ce Kao TPOCTPYKU JIOHOPH BOJOHWYHHUX Be€3a U MOBE3aHU Cy ca 6 aroMa KHCEOHHKa U3
OKOJIHUX HEOPTaHCKHX JiaHana (ci. 1).
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HYDROTHERMAL SYNTHESIS AND CRYSTAL STRUCTURE OF
[Zn(NH3)2(ZnPOy),]

J. Stojanovi¢?, T. Pordevi¢®, Lj. Karanovi¢*

“Institute for Technology of Nuclear and Other Mineral Raw Materials, Applied
Mineralogy Unit, Franchet d ‘Esperey 86, 11000 Belgrade-P.O. Box 390, Serbia; "Institut
fiir Mineralogie und Kristallographie-Geozentrum, Universitit Wien, Althansstr. 14, A-
1090 Wien, Austria; “Laboratory for Crystallography, Faculty of Mining and Geology,
University of Belgrade, Dusina 7, 11000 Belgrade, Serbia

e-mail: j.stojanovic@itnms.ac.rs

Using a hydrothermal method (Teflon-lined steel autoclave, T =493 K, 72 hours) the
title compound crystallised as colourless, plate-like crystals up to 0,15 mm in length from an
aqueous mixture of CdO, (NH,),HPO4 and 5Zn0O-2CO;-4H,0. The qualitative EDX analysis
confirmed the presence of Zn, P and N. The crystal structure was determined using single-crystal
X-ray diffraction data (CCD detector, MoKa radiation, 298 K, G, = 32.54 ©). The refinement on
F?* (76 free parameters) yielded R,=0.014, wR,=0.035 using 1630 unique reflections;
R;=0.013 for 1484 observed reflections with 1>20(l). Crystal data: space group C2/c,
a=16.932(3), b="5.0171(10), c = 10.564(2) A, f=91.27(3) °, V=897.2(3) A*, Z=4.

Diamminebis(zincophosphato(V))zinc, [Zn(NH3),(ZnPOy),], is isomorphous with
Be3(ASO4)2'2H20 [1] and Be3(PO4)2'2H20 [2]

The structure of [Zn(NH;),(ZnPO,),] can be divided into two parts: (I) P104 and Zn20,
vertex-sharing tetrahedra arranged in the layers parallel to the (100) plane and (II) Zn10,(NH3),

tetrahedra (Fig. 1). Two oxygen atoms (O2 and O3) from
v ‘ the Zn20, tetrahedron make two Zn—O-P bridges, while
two symmetry equivalents of triply coordinated O4, bridge
two Zn2 and one P1. As a result, ecach O4 forms additional

B ‘ ./ Zn2-04-P1 and Zn2-O4Zn2 links. Considering the

network of Zn2-O and P1-O bonds, the layers can be

described as composed of three- and four-membered rings
L of P10, and Zn20, tetrahedra. The two symmetry
. equivalents of Ol from ZnlOy(NH;), tetrahedra are

Fig. 1. The connection of bonded to two neighboring P1 atoms forming two Znl—
Zn10,(NHs ),tetrahedra with O'lfPl linkages and connecting Znl1O,(NH;), tetrahedra
be-plane layers (I). with be-plane layers.
The second author gratefully acknowledges the financial support of the Austrian
Science Foundation (FWF) (Grant T300-N19).

[1] W. T. A. Harrison, T. M. Nenoff, T. E. Gier, G. D. Stucky, J. Solid State Chem., 111 (1994), 224-228.
[2] T. E. Gier, X. Bu, G. D. Stucky, W. T. A. Harrison, J. Solid State Chem., 146 (1999), 394-398.



XVI KOHOEPEHIIMJA CPIICKOI' KPUCTAJIOTPA®CKOI JIPYIIITBA 13

XUAPOTEPMAJIHA CUHTE3A U KPUCTAJIHA CTPYKTYPA
[ZHO\IH3)2(ZHPO4)2]

J. Crojanosuh®, T. Bophesuh ’, Jb. Kapanosuh®
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Mineralogie und Kristallographie-Geozentrum, Universitit Wien, Althansstr. 14, A-1090
Wien, Austria; "Jlabopamopuja 3a kpucmanoepagujy, Pydapcko-eeonowxu gaxyimem,
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be36ojuu Tabnmyactu kpuctanu ayxuse 10 0,15 mm no6ujeHu cy Kao mpou3Boj
peakuuje CdO, (NH4),HPO4 u 5Zn0-2C0O;-4H,0 y3 nonarak nectuioBade Boje. Kpucramu
Cy CHHTETHUCAHU XHMJPOTEPMAIHOM METOJIOM Y TE(JOHCKUM CYIOBHMAa Y ayTOKJIaBUMa
Mopejesor tuma (493 K, 72 h). Kanuratusaa EDX anHanuza moTBpauia je IpucycTBo Zn,
P u N. Tlpukymbenu cy audpakipioHn mojganyd Ha MoHokpuctaity (MoKa penareHcko
3pauee, CCD paBHu nerekrop, 298 K, Gn=32,54°) u oxmpehena je crpykrypa.
VYraumaBambeM 76 mapamerapa nobujenu cy cieaehu R-paxrtopu: R;= 0,014, wR, = 0,035
3a ykynHo 1630 pedexcuja u R; =0,013 3a 1484 pedraexcuje ca I > 20(l). Kpucmano-
epaghcku nodayu. npoctopra rpyna C2/c, a = 16,932(3), b =5,0171(10), ¢ = 10,564(2) A,
£=91273)°, V=2897,2(3) A’, Z=4.

Juamuntuc(tmakodocdaro(V))uunk, [Zn(NH;),(ZnPOy),], uzomopdan je ca
Be;(AsO4)2~2H20 [1] u Be;(PO4)2-2H20 [2]

Crpykrypa [Zn(NH;),(ZnPO,),] cactoju ce u3 apa aena: (I) cimojesa KOjI/I cy
Tapaenn ca (100) paBHI/I a cactaBibeHu cy on P10, u Zn20, Terpaenapa Koju Jene
3ajennuuke porsbese u (II) Zn10,(NH;), Terpaenapa.
JBa xuceonuka (02 u O3) koju npunanajy Zn2Q0,
dopmupajy nmBa Zn-O-P wMocra, mox cy oba
cumerpujcka ekBuBaneHTa O4 KOOpAWHHMpaHa 3a J[Ba
Zn2 u jenan P1 u 3ato cBaku O4 dopmupa jomr Zn2—
04-P1 u Zn2—-04-Zn2 Be3e. Ciojeu (I) mory na ce
omumry U kao mpexxa P10y m Zn20,4 terpaenapa
MIOBE3aHUX NPEKO 33jeJHUYKUX POIJbEBa y TPOUIAHE
U 4eTBOpowIaHe npcreHose (ci. 1). O6a atoma O1 u3
Zn10y(NHj3),, koju cy moBe3aHu ca aBa cyceqna Pl
atoma, ¢opmupajy ase Znl-O1-P1 Be3e u Ha Taj
HauuH nose3yjy Znl10,(NH;), TeTpaenpe ca ciojeBuma.

Hpyzonomnucanu aymop o060z pada 3axeéamyje Hayunom ¢ondy Penydauke
Aycempuje (FWF) (Ilpojexam T300-N19).

Crnuxka 1. Tpo— u ueTBOpoUIaHI
npcreHosu P10, 1 Zn20,
teTpaenapa y ciojy (I).

[1] W. T. A. Harrison, T. M. Nenoff, T. E. Gier, G. D. Stucky, J. Solid State Chem., 111 (1994),
224-228.
[2] T. E. Gier, X. Bu, G. D. Stucky, W. T. A. Harrison, J. Solid State Chem., 146 (1999), 394-398.
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INHERENT CHANGES OF CRYSTAL GROWTH RATE

M. Mitrovié, A. Zeki¢

Faculty of Physics, P. O. Box 368, 11001 Belgrade, Serbia
e-mail: andrijana@ff.bg.ac.rs

The growth rate changes inherent to a crystal and independent of growth
conditions, have been observed previously, but did not attract a special attention, though
they can have a significant influence on the conclusions concerning some additional
parameters (impurities, stress, ultrasound, as well as electric and magnetic fields) affecting
the growth rate.

Results of investigations of the growth rate changes, inherent to crystals and
independent of external conditions are presented.

The authors of this paper have been made the first systematic study of the growth
rate changes inherent to sodium chlorate crystals grown from aqueous solutions during four
hours of growth [1], as well as the stability of growth rate [2]. In order to analyze sodium
chlorate growth rate behavior after four hours of growth, the investigations were continued
with longer times (up to 27 hours). To confirm the similar growth rate behavior of different
substances, growth of potassium dihydrogen phosphate and Rochelle salt crystals are
studied, too.

The growth rate changes of sodium chlorate crystals in [100] direction in a typical
growth run is shown in Figure.

200 It is occurred that, in initial growth
stage, there exist crystal growth rate
changes independent of experimental
conditions. In most cases the growth rates
decrease with time. Tendency to growth
rates leveling during the time has been
occurred, too.

The results obtained are discussed
in accordance with current crystal growth
theories.

150

100

W
(=]

Crystal Growth Rates [nm/s]

Time [x107s]

[1]1 M. M. Mitrovi¢, A. A. Zekié, Z. Z. Baro$, Chem. Phys. Lett., 464 (2008), 38.
[2] M. M. Mitrovié, A. A. Zeki¢, Z. Z. Baros, Chem. Phys. Lett., 467 (2009), 299.
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HUHXEPEHTHE IIPOMEHE BP3UHA PACTA KPUCTAJIA

M. MuTtpoBuh, A. Kekuh

Qusuuxu paxyamem, n.n. 368, 11001 beoepao, Cpouja
e-mail: andrijana@ff.bg.ac.rs

WuxepeHTHe mpoMeHe Op3MHa pacTa KpHcTala, KOje Cy HE3aBHCHE O] yCJIOBa
pacra, Ipoy4yaBaHe Cy U paHHje, aji UM HHKaJa 0 caja Huje nocBehieHa nmoceOHa naxma.
bruxoBo npoyvaBame je 01 HOCeOHOT 3Havyaja ¢ 003MPOM Ha YHILCHUIY J1a MOTY 3HAYajHO
Jla yTHYy Ha pe3yJTaTe U 3aKJbyuke KOjU Cle[ie U3 aHaIHu3e YTHIAja Pa3IHIUTHX CHOJhaIl-
BUX IapaMeTapa (IpuMece, Halpes3ama, YJITPa3BYK, €JIeKTPUYHO M MarHeTHO IOJbe) Ha
Op3uHYy pacrta KpucTana.

VY pamy cy mpuKazaHU pe3ylaTaTu MpoydaBara MHXEPEHTHHX IPOMEHa Op3uHa
pacTa KpucTana He3aBHUCHHX O]l yCIOBa pacTa.

AyTOopu OBOT paja MpBU Cy CHUCTEMATCKH AHAIW3UPAIM WHXCPEHTHE MPOMEHE
Op3mHa pacTa KpHCTaja HaTPHjyM-XJIopaTa U3 BOJSHHUX PacTBOpa TOKOM YeTHpH caTa [1],
Kao u crabwiHOCT Op3uHa pacta [2]. Pamu aHanmuse noHamama Op3uMHA pacTta KpucTaia
HATPHUjyM-XJIOpaTa HaKOH OBOT BPEMEHa, UCTPaXKHBamba Cy HacTaB/beHa U IpalieH je pacT
KpHCTaJia y 3HaTHO JIy’KeM Mepuoy (eKCIeprUMEHTH Cy Tpajaiu 10 27 catu). Paau notBpae
CJIMYHOT MOHamamka Op3uHa pacTa PasIMYUTHX CYICTAaHIH, eKCIIEPIMEHTH Cy U3BEICHH U
ca KpUCTaJluMa KaJlujyM-auxuaporeH-gocdara u Poresncke conu.

Ha cmumum cy mpukasaHe KapakTepHCTHYHE NpoMeHe Op3MHa pacta KpHCTana
HaTpujyM-xjopata y npasiy [100] y jeqHOM of U3BEIECHHUX €KCIIEpUMEHATa.

200 ITpumeheHo je na ce y mo4eTHOM
CTaJMjyMy pacta Op3HHE KpUCTaIa MCHajy
HE3aBUCHO O] eKCTICPIMEHTATHNAX YCIIOBa.
VY Behunu cimyvajeBa Op3uHe pacTa omaja-
jy ca BpemenoMm. Takohe je mpumeheHa
TEHJEHIIYja yjelHayaBamba Op3uHa ca Bpe-
MCHOM.

JoOujeHu pe3ynraTu Cy JUCKYTO-
BaHU IIpeMa aKTyeIHHM TeopHjama pacTa
KpHCTaa.

150

100

n
(=
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10 20 30 40 50
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[1] M. M. Mitrovié, A. A. zekié, Z.Z. Baros, Chem. Phys. Lett., 464 (2008), 38.
[2] M. M. Mitrovié, A. A. Zeki¢, Z. Z. Baro§, Chem. Phys. Lett., 467 (2009), 299.
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ZnFe,04 spinel with pyrochlore sublattice of corner-sharing Fe-tetrahedra belongs
to the group of frustrated magnetic materials [1]. For a normal ZnFe,O, spinel, colinear and
non colinear magnetic spin arrangements are indicated, which could be equally compatible
with neutron diffraction powder intensities observed at 5 K. It is well established that the
material orders at 10 K into a ground state which can be described by an ordering vector
k= (00 1/2) and a magnetic structure involving 32 spins [2]. The results of refinement of
the non colinear magnetic structure model, described by Konig et al. [2], on the basis of
TOF neutron data collected at 5 K at SEPD instrument at IPNS at Argonne National
Laboratory [3] will be presented. Rietveld refinement was performed using the program
FULLPROF [4].

Work at Columbia University was supported by the Olffice of Science, U.S.
Department of Energy, under contract No. DE-AC02-98CH10886.

[117J. E. Greedan, J. Mater. Chem., 11 (2001), 37-53.

[2] U. Kénig, E. F. Bertaut, Y. Gros, M. Mitrikov, G. Chol, Sol. Stat. Commun., 8 (1970), 759-764.
[3]17J. D. Jorgensen, J. Faber Jnr, J. M. Carpenter, R. K. Crawford, J. R. Haumann, R. L. Hitterman, R.
Kleb, G. E. Ostrowski, F. J. Rotella, T. G. Worlton, J. App. Cryst., 22 (1989), 321-333.

[4]J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter, 26 (2001), 12-19.
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Spinel sastava ZnFe,O, pripada grupi frustriranih magnetnih materijala sa
podresetkom pirohlornog tipa u kojoj su Fe-tetraedri povezani preko zajednickih rogljeva
[1]. Za normalni spinel sastava ZnFe,O4 neutronski difraktogram praha na 5 K moze se
opisati kolinearnim i nekolinearnim modelom uredenja magnetnih spinova. Poznato je da
se ovaj materijal na 10 K ureduje u osnovno stanje, koje se moZze opisati propagacionim
vektorom k£ = (0 0 1/2) i magnetnom strukturom koja sadrzi 32 spina [2]. Biée prikazani
rezultati utatnjavanja nekolinearnog modela magnetne strukture, koji su opisali Konig i dr.
[2], primenjenog na TOF neutronske podatke prikupljene na 5 K na instrumentu SEPD,
IPNS u Argonne National Laboratory [3]. Ritveldovo utacnjavanje obavljeno je pomocu
kompjuterskog programa FULLPROF [4].

Rad na Univerzitetu Columbia finansiran je od strane Office of Science, U.S.
Department of Energy, ugovor br. DE-AC02-98CH10886.

[1]1J. E. Greedan, J. Mater. Chem., 11 (2001), 37-53.

[2] U. Koénig, E. F. Bertaut, Y. Gros, M. Mitrikov, G. Chol, Sol. Stat. Commun., 8 (1970), 759-764.
[3]17J. D. Jorgensen, J. Faber Jnr, J. M. Carpenter, R. K. Crawford, J. R. Haumann, R. L. Hitterman, R.
Kleb, G. E. Ostrowski, F. J. Rotella, T. G. Worlton, J. App. Cryst., 22 (1989), 321-333.

[4]J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter, 26 (2001), 12-19.
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In recent decades perovskite-related materials and their structural modifications
have found numerous applications in microwave technologies. Among these, B-site cation
deficient hexagonal perovskite with a composition based on complex oxides containing
transition metals in oxidation states with a d° electronic configuration offer a lot of
potential in material design. Several compounds of this type have been reported within the
BaO-rich part of the BaO-Nb,Os binary system. These include Ba;Nb,Og and BasNb,O,.
While Ba;Nb,Og, which forms through a reaction between BasNb,O,5s and BayNb,O,, is
known to crystallize in the palmierite-type structure [1], the crystal structure of Ba;Nb,Oq
has not yet been solved. For this reason the Ba;Nb,Oy was synthesized via conventional
solid-state processing [2-3] and studied by thermal analyses (DTA and DSC), high-
temperature X-ray powder diffractometry and high-temperature transmission electron
microscopy. The results confirmed the existence of only two stable BasNb,Oy polymorphs.
The low-temperature a-modification is observed below 1176°C, while the y-modification is
thermodynamically stable above this temperature [3].

Our study was divided into two parts: understanding the polymorphic phase
transitions in Ba;Nb,Oy as a function of temperature and atmosphere, which may be of
crucial importance for understanding the crystal structure of individual Ba;Nb,Oy
polymorphs and consequently their dielectric properties, and resolving the crystal structure
of (X-Ba4Nb209.

Electron diffraction studies revealed the similarities of the ED patterns of a-
BayNb,O, with those of the cation-deficient hexagonal perovskite BagTi; 75Nby 1251 ug 125024
[4], implying that BasNb,Oy may crystallize in a hexagonal perovskite-like crystal
structure. According to the stoichiometry of Ba,Nb,Oy and the discrepancy in the distance
between the Ba-O layers along the hexagonal c-axis with respect to the interlayer distance
in the conventional hexagonal perovskite-type structures, we proposed a structural model
closely related to the 2H-type perovskite crystal structure composed of alternating Ba;O,
and oxygen-deficient Ba;Og layers along the c-axis, where Nb atoms occupy the face-
sharing octahedra, while the trigonal prismatic sites remain empty.

The proposed model for a-Ba,Nb,Oy is in a good agreement with the experimental
HRTEM images and SAED patterns. The HT-TEM analyses revealed that both Ba;Nb,O,
polymorphs appears to be structurally related, implying that only minor structural
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perturbations are involved in the polymorphic phase-transformation processes in this
system.

[1] E. Gracia-Gonzalez, M. Parras, J. M. Gonzalez-Calbert, Chem. Mater., 12 (2000),
2485-2489.

[2] J. Bezjak, B. Jancar, A. Recnik, D. Suvorov, J. Eur. Ceram. Soc., 28 (2008), 2771-
2776.

[3] J. Bezjak, A. Re¢nik, B. Jancar, Ph. Boullay, E. 1. Radosavljevi¢, D. Suvorov, J. Amer.
Ceram. Soc., 92 (2009), 1806-1812.

[4] G. Trolliard, N. Teneze, Ph. Boullay, D. Mercurio, J. Solid State Chem., 177 (2004),
1188-1196.
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Intracellular accumulation of reactive oxygen species such as superoxide anion,
hydrogen peroxide, hydroxyl radical and peroxy radical, can arise from toxic insults or
normal metabolic processes. These species may perturb the cell's natural antioxidant
defense systems, resulting in damage to all of the major classes of biological
macromolecules [1]. Furthermore, radical reactions play a significant role in the
development of life-limiting chronic diseases such as cancer, hypertension, arteriosclerosis
and rheumatism [2]. For that reason the search for new molecules with antioxidant
properties is a very active domain of research. On the other hand, some salicylic acid
derivatives exhibit cytotoxicity against PC-3 (prostate cancer cells) [3], MCF-7 (human
breast adenocarcinoma ER+cells) [4], MDA-MB 231 (human breast adenocarcinoma ER-
cells) [4] and other tumor cell lines.

In order to investigate the antioxidant and cytotoxic activities we synthesized six
mono-, bis- and tris-derivatives of salicylic acid. Structures of three of these compounds:
N-(2-hydroxybenzoyl)-2,2'-bis(2-hydroxybenzoyloxy)diethylamine (1),  2,2',2"-tris(2-
hydroxybenzoyloxy)triethylamine 3), N-phenyl-2,2'-bis(2-hydroxybenzoyloxy)
diethylamine (5), were confirmed by X-ray structural analysis. Besides, we discussed the
hydrogen bonds involved and performed molecular mechanics calculations (MMC) for
their crystalline states.

Comparison of crystal and MMC structures for these three compounds (1, 3 and 5)
revealed that the intramolecular hydrogen bonds play an important role, stabilizing
conformation of the most part of the molecule. The antioxidant activity and cytotoxicity of
the synthesized derivatives were evaluated in a series of in vitro tests. The newly
synthesized compounds exhibited strong activity against hydroxyl radical, as well as
promising lipid peroxidation inhibition. Also, compounds 1, 3 and 5 efficiently inhibited
the growth of PC3 cells.

[1] W. Droge, Physiol. Rev. 82 (2002), 47-95.

[2] 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.

[3] R.Rotem, Y. Tzivony, E. Flescher, Prostate 42 (2000), 172—-180.

[4] L Ott, K. Schmidt, B. Kircher, P. Schumacher, T. Wiglenda, R. J. Gust, Med. Chem. 48 (2005),
622-629.
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Intracelularna akumulacija reaktivnog kiseonika u obliku superoksidnog anjona,
hidrogen peroksida, hidroksilnih radikala i peroksidnih radikala, moZe da nastane kako iz
toksicnih poremecaja tako i iz normalnih metaboli¢kih procesa. Ovi oblici reaktivnog
kiseonika mogu da poremete prirodni antioksidantni ¢elijski sistem i tako oStete osnovne
bioloske makromolekule [1]. Takode, radikali vrlo €esto igraju jednu od osnovnih uloga u
razvoju teskih bolesti kao §to su rak, hipertenzija, arterioskleroza i reumatizam [2]. Zato su
istrazivanja koja vode do novih antioksidantnih jedinjenja veoma aktivno nau¢no polje. Sa
druge strane neki derivati salicilne kiseline pokazuju citotoksi¢nu aktivnost u odnosu na
PC-3 (Celije raka prostate) [3], MCF-7 (¢elije humanog adeno karcinoma dojke ER-+¢elije)
[4], MDA-MB 231 (¢elije humanog adeno karcinoma dojke ER-¢elije) [4] i druge celije.

Da bismo ispitali njihovu antioksidantnu i citotoksi¢nu aktivnost, sintetizovano je
Sest mono-, bis- i tris-derivata salicilne kiseline. Strukture tri od Sest novosintetisanih
jedinjenja: N-(2-hidroksibenzoil)-2,2'-bis(2-hidroksibenzoiloksi)dietilamin (1), 2,2',2"-
tris(2-hidroksibenzoiloksi)trietilamin (3), N-fenil-2,2'-bis(2-hidroksibenzoiloks)dietilamin
(5), potvrdene su strukturnom rendgenskom analizom. Pored toga, diskutovali smo ulogu
vodoni¢nih veza i napravili molekularno mehanicke proracune (MMC) za kristalno stanje
ovih jedinjenja (1, 31 5).

Uporedivanje kristalnih i MMC struktura jedinjenja 1, 3 i 5, pokazalo je da
intramolekularne vodoni¢ne veze igraju znacajnu ulogu u stabilizovanju konformacije
velikog dela molekula. Antioksidantna i citotoksicna aktivnost novosintetisanih derivata
odredena je u nizu in vitro testova. Ova jedinjenja pokazuju jaku aktivnost prema
hidroksilnim radikalima, kao i znacajnu lipid peroksidnu inhibiciju. Takode, jedinjenja 1, 3
i 5 efikasno inhibiraju rast PC3 ¢elija.

[1] W. Droge, Physiol. Rev. 82 (2002), 47-95.

[2] 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.

[3] R.Rotem, Y. Tzivony, E. Flescher, Prostate 42 (2000), 172—-180.

[4] L Ott, K. Schmidt, B. Kircher, P. Schumacher, T. Wiglenda, R. J. Gust, Med. Chem. 48 (2005),
622-629.
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Since Fujishima and Honda discovered the phenomenon of photocatalytic water
splitting under UV light on a TiO, electrode [1] much work has been devoted to the
research of this material. TiO, occurs in three main forms, as anatase, rutile and brookite,
but only anatase (see Figure) shows advanced photocatalityc properties.

In anatase, absorption of high energy photons leads to the charge separation due to
promotion of electrons to the conduction band and generation of holes in the valence band.
If electrons are used in an outer circuit we speak about a photovoltaic solar cell.

Photocatalysis is a well-known process mostly employed to degrade or transform
organic and inorganic compounds, and it depends on catalyst surface area, availability of
active sites, pore sizes, number and nature of trapped sites, as well as adsorption/desorption
characteristics. In order to obtain the highest performance, the main challenge for
researchers is to find new methods for anatase preparation enabling a balance between two
major parameters, surface area and crystallinity.

In this work we tried to obtain a photocataliticaly active TiO, by low temperature
hydrothermal oxidation of previously mechanochemicaly prepared cubic TiO or
commercial, monoclinic TiO (Aldrich). Hydrothermal syntheses
were performed in a Teflon lined stainless steel bomb (V =
70 cm’) at 200 °C in 0.01 or 1 mol dm™ KOH solution for 12,
24, 2x24, 48 and 96 h using different amounts of starting
powders.

The prepared samples were characterized by XRD,
TG/DTA, SEM, EDS and particle size analysis. Also, the
photocatalytic properties of selected samples were investigated
by degradation of C.I. Reactive Orange 16 dye under UV
illumination.

In the case of cubic TiO the oxidation takes place easily
and more than 90 mas.% of monoxide is transformed to anatase
with an average particle size of about 100 nm. Monoclinic TiO
phase is more inert for such an oxidation reaction since less than
20 mas.% of the sample is converted to anatase. Moreover, it is
noticed that hydrothermal oxidation does not depend on duration of treatment and amount
of titanium monoxide used.

Crystal structure of
anatase (TiO,)

[1] A. Fujishima, K. Honda, Nature, 37 (1972), 238.
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Od kako su Fudzi$ima (Fujishima) i Honda (Honda) otkrili mogu¢nost fotokata-
litickog razlaganja vode UV zracima na elektrodi od TiO, [1], ovaj materijal privlaci veliku
paznju istrazivaca. TiO, se javlja u tri osnovne modifikacije, kao anatas, rutil i brukit, ali
samo anatas (v. sliku) ispoljava zadovoljavajuca fotokataliticka svojstva.

Apsorpcijom fotona visoke energije dolazi do razdvajanja naeclektrisanja usled
prelaska elektrona u provodnu traku i nastanka Supljina u valentnoj traci anatasa. Ukoliko
se elektroni koriste u spoljasnjem kolu dobija se fotonaponska solarna ¢elija.

Fotokataliza je dosta ispitivan proces, koji se uglavnom koristi za razgradnju
organskih i neorganskih jedinjenja, a zavisi od svojstava katalizatora kao $to su specifi¢na
povrsina, dostupnost aktivnih mesta, veli¢ine pora, broja i prirode blokiranih mesta i karak-
teristika procesa adsorpcije/desorpcije. Glavni izazov pred istraziva¢ima jeste pronalazenje
novih metoda sinteze anatasa kojima bi se uravnoteZila dva najuticajnija faktora, specificna
povrsina i kristalini¢nost, a da bi se postigle §to bolje osobine fotokatalizatora.

Cilj ovog rada bilo je dobijanje fotokataliticki aktivnog TiO, niskotemperaturnom
hidrotermalnom oksidacijom polaze¢i od mehanohemijski pripremljenog kubnog TiO ili

3 o 4 q komercijalnog, monoklinicnog TiO (Aldrich). Hidrotermalne
| ) i " sinteze su izvodene u celicnom autoklavu sa teflonskom
posudom (V =70 cm®) na 200 °C u rastvoru KOH koncentracije
0,01
ili 1 mol dm>, tokom 12, 24, 2x24, 48 i 96 h uz promenu
koli¢ine polaznog praha.

Uzorci su okarakterisani XRD, TG/DTA, SEM i EDS
analizom, kao i odredivanjem veli¢ine Cestica. Pored toga,
fotokataliticke osobine odabranih uzoraka ispitivane su pra-
¢enjem razgradnje azo boje C.I. Reactive Orange 16 i pore-
denjem sa komercijalnim prahom Degussa P25.

U slucaju kubnog TiO dolazi do znatne oksidacije tako
da preko 90 mas.% uzorka prelazi u anatas, dok je monoklini¢ni
TiO mnogo inertniji i oksidiSe se manje od 20 mas.% uzorka.
Pored toga, primec¢eno je da reakcija hidrotermalne oksidacije ne
zavisi od duzine tretmana, niti od koli¢ine pocetnog praha.

Kristalna struktura
anatasa (TiO,)

[1] A. Fujishima, K. Honda, Nature, 37 (1972), 238.
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The comparative study of structure and microstructure of nanosized and bulk
ZnFe,0, spinel powders was conducted by using the synchrotron data, and the combination
of two methods: by Rietveld Full Profile analysis and Pair Distribution Function (PDF).
The complete experimental data obtained from synchrotron radiation consists of four data
sets obtained from: as-prepared nanoparticle sample (S1), samples anealed at 400 °C (S2),
500 °C (S3) and the bulk sample (S4). The focus of this study was to determine the cation
distribution (the degree of inversion between Zn and Fe sites), lattice constant, particle size
and microstrain contribution in the samples, and to track their changes with annealing
temperature. Final results have shown a good agreement between two applied methods.
The results of Rietveld refinements showed that cation distribution changes from partially
inverse in S1 to normal spinel distribution in S4. Rietveld refinement was performed using
the program FULLPROF [1].

Work at Columbia University was supported by the Olffice of Science, U.S.
Department of Energy, under contract no. DE-AC02-98CH10886.

[1] J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter, 26 (2001), 12-19.
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MIKROSTRUKTURNA ANALIZA NANOCESTICNOG SPINELA
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“Laboratorija za fiziku kondenzovanog stanja, Institut za nuklearne nauke ,,Vincéa“, p.p.
522, 11001 Beograd, Srbija; "Department of Physics and Astronomy, 4250 Biomedical
Physical Sciences, Michigan State University, East Lansing, Michigan, 48824-2320, USA
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Uporedna strukturna i mikrostrukturna analiza nanocCesti¢nih i sinterovanog
spinela sastava ZnFe,O, sprovedena je koris¢enjem dva razlicita pristupa: Ritveldovom
metodom i pomocu funkcije distribucije parova (PDF). Upotrebom sinhrotronskog zracenja
dobijeni su difraktogrami Cetiri uzorka: nanocesti¢nog (S1), uzoraka sporo zagrevanih do
400 °C (S2) i 500 °C (S3), kao i sinterovanog uzorka (S4). Odredena je katjonska distri-
bucija (stepen inverzije izmedu Zn i Fe), konstante reSetke, veli¢ine kristalita i mikro-
naprezanja uz pracenje njihovih promena sa temperaturom zagrevanja. Konacni rezultati
pokazali su dobro slaganje izmedu dve primenjene metode analize. Rezultati Ritveldovog
utacnjavanja pokazali su da se katjonska distribucija menja od delimi¢no inverzne u uzorku
S1 do normalne u S4. Ritveldovo utacnjavanje obavljeno je pomoc¢u kompjuterskog prog-
rama FULLPROF [1].

Rad na Univerzitetu Columbia finansiran je od strane Olffice of Science, U.S.
Department of Energy, ugovor br. DE-AC02-98CH10886.

[1]J. Rodriguez-Carvajal, Commission on Powder Diffraction (IUCr). Newsletter, 26 (2001), 12-19.
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NEW POLYMERIC COPPER(II) COMPLEX CONTAINING
ISOPHTHALATE ION AND 2,2’-DIPYRIDYLAMINE

J. Rogan ?, D. Poleti , Lj. Karanovié¢

“Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000
Belgrade, Serbia; "Laboratory for Crystallography, Faculty of Mining and Geology,
University of Belgrade, Dusina 7, 11000 Belgrade, Serbia

e-mail: rogan@tmf.bg.ac.rs

The title polymeric complex, {[Cu(ipht)(dipya)]-H,O},, is a new example of
ternary transition metal complexes containing dianion of isophthalic (1,3-
benzenedicarboxylic) acid, ipht, and 2,2’-dipyridylamine, dipya, as aromatic diamine
ligand.

In the obtained complex, the dipya is a usual chelating ligand, while ipht anion
acts as bridging tridentate ligand with monodentately and chelately coordinated COO
groups forming zigzag chains. Cu(Il) ions are in a very deformed trigonal bipyramidal
environment consisting of two N atoms from dipya and three O atoms from ipht ligands.
The shortest intrachain Cu—Cu distance is about 8.0 A.

There are two hydrogen bonds in the complex, one (O5-H105...03) involves
uncoordinated H,O molecule and the other (N3—H13...03) connects adjacent chains. Free
03 atom from monodentate COO group acts as double hydrogen bond acceptor from H,O
molecule and the amine H atom of dipya. Therefore through hydrogen bonds and n-n
interactions the zigzag chains are stacked into three-dimensional architecture in the lattice
(Fig. 1). The shortest distances between C atoms from neighboring dipya ligands are
3.304(4) and 3.434(4) A confirming - interactions.

—
o /T B,
L 17 Lo Y0, . . :
'?‘}?"f'-’( vi*f}a Y Figure 1. View of the unit cell along
° [/ [ NN, . . .
. S SN f{‘f e b-axis (a-axis horizontal).

Crystal data: CigH;sCuN;Os, M,=416.87, monoclinic, space group C2/c,
a=23.2351(11), b=11.7216(4), c=13.7825(7) A, p=115.285(6)°, V=3394.1(3) A,
Z=8, F(000)=1704, p,=1.632 gcm™, u(MoKa)=1.324 mm "' The refinement on F*
(244 parameters) yielded R, = 0.043, wR, = 0.077, S = 0.96 for all data, and R, = 0.030 for
2466 observed reflections with /> 26([).
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NOVI POLIMERNI BAKAR(II)-KOMPLEKS SA
IZOFTALAT-JONOM I 2,2°-DIPIRIDILAMINOM

J. Rogan *, D. Poleti *, Lj. Karanovié¢

“TehnoloSko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd,
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Beogradu, Dusina 7, 11000 Beograd, Srbija
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Navedeni polimerni kompleks, {[Cu(ipht)(dipya)]-H,O},, predstavlja novi primer
ternernog kompleksa prelaznih metala sa dianjonom izoftalne (1,3-benzendikarboksilne)
kiseline, ipht, i 2,2’-dipiridilaminom, dipya, kao aromati¢nim diaminskim ligandom.

U dobijenom kompleksu dipya je helatni ligand, dok se ipht-anjon ponasa kao
mostovni tridentatni ligand sa monodentatno i helatno koordiniranim COO-grupama, $to
daje cik-cak lance (slika 1). Cu(II)-joni su u vrlo deformisanom trigonalno-bipiramidalnom
okruzenju koje ¢ine dva atoma N iz dipya i tri atoma O iz ipht liganada. Najkrace Cu—Cu
rastojanje unutar lanaca iznosi oko 8,0 A.

Postoje dve vodonicne veze, jedna (O5-H105...03) ukljucuje nekoordinirani
molekul H,O, a druga (N3-H13...03) spaja susedne lance. Slobodni atom O3 iz
monodentatne COO-grupe ponasa se kao dvostruki akceptor vodoni¢ne veze preko
molekula H,O i aminskog atoma H iz dipya. Tako se cik-cak lanci drze vodoni¢nim
vezama i m-7 interakcijama gradeéi trodimenzionalnu arhitekturu u reSetki. Najkraca
rastojanja izmedu C atoma iz susednih dipya liganada iznose 3,304(4) i 3,434(4) A
potvrdujuéi m-m interakcije.

Slika 1. Prikaz cik-cak lanca posmatrano duz c-ose (a-osa je vertikalna).

Kristalografski  podaci: CigHsCuN;Os, M,=416,87, monoklini¢ni sistem,
prostorna grupa C2/c, a=23,2351(11), b=11,7216(4), c=13,7825(7) A, f=115,285(6) °,
V=3394,1(3) A®>, Z=8, F(000)=1704, p,=1,632gcm>, u(MoKo)=1,324 mm"
Utacnjavanje sa F 2 (244 parametra) dalo je R, =0,043, wR,=0,077, S§=0,96 za sve
podatke, i R; = 0,030 za 2466 refleksija sa I > 26([).
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CRYSTAL STRUCTURE OF TETRACHLORIDO(0,0’-
DICYCLOPENTYL-(S,S)-ETHYLENEDIAMINE-N,N’-DI-2-
PROPANOATE)PLATINUM(1V) COMPLEX
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of Belgrade, Studentski Trg 12-16, 11000 Belgrade, Serbia; °Institut fiir Chemie, Martin-
Luther-Universitit Halle-Wittenberg, Kurt-Mothes-Strafie 2, D-06120 Halle, Germany;
‘Departamento de Quimica Inorgdnica y Analitica, E.S.C.E.T., Universidad Rey Juan
Carlos, 28933 Mostoles, Madrid, Spain; “Faculty of Chemistry, University of Belgrade,
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Tetrachlorido(O, O -dicyclopentyl-(S,S)-ethylenediamine-N, N -di-2-propanoate)
platinum(IV), [PtCl4{(S,S)-cPe,eddip}], (cPe = CsHo, eddip = ethylenediamine-N, N -di-2-
propanoate) was synthesized by analogous method described for similar compounds [1].
Crystals suitable for X-ray analysis were obtained by slowly combining of low
concentration water solutions of Nay[PtCls] and the ligand O,O’-dicyclopentyl-(S,S)-
ethylenediammonium-N,N’-di-2-propanoate  dichloride. After a few days yellow
transparent needles were observed.

Crystallographic data: C,3H;,C1;N,04Pt, orthorhombic system, chiral space group
P21212,, a=10.8935(2) A, b = 14.4989(2) A, ¢ = 15.1823(3) A, a= = y=90°, V =
2397.95(7) A®, Z = 4, D. = 1.876 Mg/m®, (MoK,) = 6.323 mm™', F(000) = 1328. Data
collection: 2.68 < < 30.51 °, no. of parameters: 212, R = 0.0397, wR2 = 0.0824 for 6022
reflections with I > 2 o(1).

The ligand is coordinated via two nitrogen atoms to the platinum atom. Four
chlorine atoms complete the inner complex sphere (Figure 1). The Pt-N and Pt—Cl
distances are in the expected range for diaminetetrachloroplatinum(IV) and related
complexes [1,2].
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Figure 1. Crystal structure of [PtCl;{(S,S)-cPeyeddip}]

[1] B. B. Kraj¢inovi¢, G. N. Kaluderovi¢, D. Steinborn, H. Schmidt, Ch. Wagner, 7. Zizak, Z. D.
Juranié, S. R. Trifunovi¢, T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892—-900.

[2] B. B. Zmejkovski, G. N. Kaluderovi¢, S. Gomez-Ruiz, 7. Zizak, D. Steinborn, H. Schmidt, R.
Paschke, Z. D. Juranié, T. J. Sabo, Eur. J. Med. Chem., in press.
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Tetrahlorido(O, O -diciklopentil-(S, S)-etilendiamin-N, N -di-2-propanoat)platina(IV),
[PtCL4{(S,S)-cPeseddip}], (cPe = CsHo, eddip = etilendiamin-N, N ’-di-2-propanoat) sintetisan
je na sli¢an nacin kao i srodna jedinjenja opisana u literaturi [1]. Kristali pogodni za
rendgensku strukturnu analizu dobijeni su sporim meSanjem vodenih rastvora niskih
koncentracija Na,[PtCl¢] i liganda O,O’-diciklopentil-(S,S)-etilendiamonijum-N, N -di-2-
propanoat dihlorida. Posle nekoliko dana primeéene su Zute, providne iglice.

Kristalografski podaci: Ci3H3;CI4N,O4Pt, ortorombicni sistem, hiralna prostorna
grupa P2,212,, a = 10,8935(2) A , b = 14,4989(2) A, ¢ = 15,1823(3) A, a= = y=90°,
V =12397,95(7) A®, Z =4, D. = 1,876 Mg/m’, 1(MoK,) = 6,323 mm™', F(000) = 1328.
Opseg: 2,68 < 8 < 30,51 °, broj parametara: 212, R = 0,0397, wR2 = 0,0824 za 6022
refleksije sa 7> 2 o([).

Ligand je koordinovan sa dva atoma azota za atom platine. Cetiri atoma hlora
dopunjavaju unutrasnju sferu kompleksa (slika 1). Duzine veza Pt-N i Pt—ClI nalaze se u
ocekivanom opsegu za diamintetrahloroplatina(IV) i slicne komplekse [1,2].
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Slika 1. Kristalna struktura [PtCl4{(S,S)-cPe,eddip}]

[1] B. B. Kraj¢inovi¢, G. N. Kaluderovi¢, D. Steinborn, H. Schmidt, Ch. Wagner, 7. Zizak, Z. D.
Jurani¢, S. R. Trifunovi¢, T. J. Sabo, J. Inorg. Biochem., 102 (2008) 892-900.

[2] B. B. Zmejkovski, G. N. Kaluderovi¢, S. Gomez-Ruiz, 7. Zizak, D. Steinborn, H. Schmidt, R.
Paschke, Z. D. Jurani¢, T. J. Sabo, Eur. J. Med. Chem., in press.
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In reaction of 2(S)-(2-oxotetrahydro-1,3-oxazin-3-yl-)-propionic acid and absolute
I-propanol [saturated with HCI(g)], (S)-propyl-2-(3-chloropropylamino)-propanoate 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 several days. Crystals of (S)-butyl-
2-(3-chloropropylamino)-propanoate were obtained in the same way as (S)-propyl-2-(3-
chloropropylamino)-propanoate with dry 1-butanol [saturated with HCI(g)] used instead
dry 1-propanol.

Crystallographic data for (S)-propyl-2-(3-chloropropylamino)-propanoate: formula
CoHsNO,CI'HCI, monoclinic sistem, space group P2, a = 5.4456(3), b = 10.0655(5), ¢ =
12.2423(8) A, = 96.997(6)°, V = 666.04(7) A°, Z =2, u(CuK,) = 423 mm™', T'=293 K,
crystal size 0.09x0.07x0.02 mm, No. of parameters: 131, R1 = 0.048 (for 1848 reflections
with 7> 26(1)).

A strong intermolecular hydrogen bond between C(5)-H(5)...0(1) (H-A = 2.49
A) exists in the crystal.

Crystallographic data for (S)-butyl-2-(3-chloropropylamino)-propanoate: formula
CyoHoNO,CI'HCI, orthorhombic system, space group P2,2,2, a = 7.2650(4), b =
14.8864(7), ¢ = 13.3082(10) A, V = 1439.28(15) A, Z = 4, u(Cuk,) = 3.94 mm ',
T =293 K, crystal size 0.19x0.06x0.04 mm, No. of parameters: 140, R1 = 0.051 (for 2226
reflections with 7> 26(1)).

A strong intermolecular hydrogen bond between C(10)-H(10)A...O(1) (H-A = 2.50
A) exists in the crystal.
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KRISTALNE STRUKTURE
($)-PROPIL-2-(3-HLOROPROPILAMINO)-PROPANOATA
I (S)-BUTIL-2-(3-HLOROPROPILAMINO)-PROPANOATA

D. P. Dimitrijevi¢ *, R. D. Vukicevi¢ ?, M. D. Vukiéevi¢ ®, S. Garsija-Granda °,
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U reakciji  2(S)-(2-oxotetrahidro-1,3-oxazin-3-il-)-propionske  kiseline i
apsolutnog 1-propanola (zasi¢enog sa gasovitim hlorovodonikom) dobijen je (S)-propil-2-
(3-hloropropilamino)-propanoat. Kristali pogodni za rendgensku strukturnu analizu
dobijeni su rastvaranjem (S)-propil-2-(3-hloropropilamino)-propanoata u maloj koli¢ini
apsolutnog 1-propanola i stajanjem rastvora nekoliko dana. Kristali (S)-butil-2-(3-hloropro-
pilamino)-propanoata dobijeni su na isti nacin kao (S)-propil-2-(3-hloropropilamino)-pro-
panoata koriS¢enjem 1-butanola [zasi¢enog sa HCI(g)] umesto apsolutnog 1-propanola.

Kristalografski podaci za (S)-propil-2-(3-hloropropilamino)-propanoat: formula
CyHsNO,CI'HCI, monoklini¢ni sistem, prostorna grupa P2, a = 5,4456(3), b = 10,0655(5),
c = 12,2423(8) A, p = 96,997(6)°, V = 666,04(7) A*, Z = 2, p(Cuk,) = 4,23 mm ',
T =293 K, veli¢ina kristala 0,09%0,07x0,02 mm, br. parametara: 131, R1= 0.048 (za 1848
refleksije u opsegu I > 20(1)).

U kristalu postoji jaka intermolekularna vodoni¢na veza C(5)-H(5)...0(1)
(H-A=2,49 A)

Kristalografski podaci za (S)-butil-2-(3-hloropropylamino)-propanoat: formula
C1oHoNO,CI'HCI, ortorombicni system, prostorna grupa P2,2,2, a = 7,2650(4), b =
= 14,8864(7), ¢ = 13,3082 (10) A, ¥ = 1439,28(15) A’, Z = 4, u(Cuk,) = 3,94 mm',
T =293 K, veli¢ina kristala 0,19x0,06x0,04 mm, br. parametara: 140, R, = 0,036 (za 2226
refleksija sa I > 20(1)).

U kristalu postoji jaka intermolekularna vodoni¢na veza C(10)-H(10)A...O(1)
(H-A=2,50 A)
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The title compound crystallised as light blue needle like crystals up to 0.1 mm in
length from a mixture of Sr(OH),8H,0, Cu(OH),-2H,0 and (NH,),HPO,. It was prepared
by hydrothermal method in an aqueous medium (¢ =200 °C, 9 days, pH = 8, Teflon-lined
steel autoclave). The structure was solved using single-crystal X-ray diffraction data (CCD
detector, MoKa radiation, 25°C, u=26.1°). Crystal data: a=9.2077(18),
b=4.9369(10), c = 15.074(3) A, f=92.15(3) °, V = 684.8(2) A?, Z=2. The refinement on
F? in space group P2,/n (127 free parameters, 1397 unique reflections) yielded
R;=0.0451, wR, =0.0782, and R, = 0.0369 for 1175 observed reflections with 7> 2a(1).

The main building units of the Sr;g;Cuz3(POy4)s are CuzOy, groups (Fig. 1)
interconnected by PO, tetrahedra. They make layers parallel to the (101) plane with
mostly Sr cations situated between them. The crystal structure of isomorphous
Sr3Cu3(POy)4, was recently reported in P2,/c from X-ray powder diffraction data [1], as
well as in C2/c with a double unit cell from single crystal data [2]. This reinvestigation
showed that the special Srl site is occupied by 87(3) % Sr + 13 % Cu. In addition, Sr2
cations are split into two positions, a main site at the general Sr2a
position and a less occupied Sr2b site [10 %], which is displaced for
0.48 A along the b-axis. Such substitutional and positional disorders
were not observed in literature [1 & 2]. The Sr1/Cull is surrounded by
six O atoms forming a 4+2 coordination polyhedron, which can be
described as an elongated octahedron. The coordination number of
Sr2a is nine and the coordination polyhedron has the form of an
approximate tricapped trigonal prism. The Sr2b cations are coordinated

% by seven O atoms that form an irregular 5+2 coordination polyhedron.
y The Cul, located at an inversion centre, is coordinated by four O atoms

o forming a slightly distorted square-planar coordination, while Cu2 is in
Fig. 1. The square pyramidal [4+1] coordination (Fig. 1). Both P atoms exhibit a
Cuz0, group. usual tetrahedral coordination by four O. Bond valence calculations

indicate the interactions to further ligands for Cul, Cu2 and Sr2b.
The fourth author gratefully acknowledges the financial support of the Austrian
Science Foundation (FWF) (Grant T300-N19).

[1] A. A. Belik, A. P. Malakho, B. I. Lazoryak, S. S. Khasanov, J. Solid State Chem.,163 (2002),
121-131.
[2] H. Effenberger, J. Solid State Chem., 142 (1999), 6-13.
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Crponnnjym-6akap(Il)-hochar nobujeH je XumpoTepMmMaaHOM MeToaoM (Ted-
JIOHCKH CyJ, YelMYyHH ayTokiaB, 9 naHa 3arpeBama Ha 200 °C, pH=28) u3 cmeme
Sr(OH),-8H,0, Cu(OH),-2H,0, (NH4),HPO, n necrunoBane Boje y 00JHKY CBETIOILIABHX
UITIMYacTUX Kpuctana BennuuHe A0 0,1 mm. ExcneprMeHTamHu nmoganu NpUKYIUBEHU Cy
Ha qudpaxromerpy ca CCD nerekropom (MoKa 3paueme, 25 °C, G = 26,1 °©).

Kpucmanozpagpcku nooayu: a=9,2077(18), b=4,9369(10), c=15,074(3) A,
B=92,153)°, V=0684,8(2) A’, Z=2. Vraumasamem y mpocropuoj rpymu P2,/n (127
napaMeTapa 1397 ne3aBucHux peduiekcuja) nobujene cy cienehe BpenHoctu R-¢axropa:

=0,0451, wR, =0,0782 u R, = 0,0369 3a 1175 pednekcuja ca I > 20(1).

OcCHOBHY TpajluBHY jEIMHKY jeaumema mnpeactaBibajy CusOip-rpyne koje cy
noBe3ane ca POg-terpaenpuma u popmupajy cnojese napasienne ca pasau (101). Uzmehy
cllojeBa Cy CMelITeHH yriiaBHOM Katjoru St (ci1. 1). Ctpykrypa uzomopduor Sr;Cuz(PO,)s,,
Beh je ommcaHa paHHje, U TO Y MPOCTOPHOj Ipynu P2i/c U3 mojaaTtaka 3a MOJIUKPUCTATHH
y3opak [1], u y npocropHoj rpynu C2/c ca aBocTpyko Behiom jeauHuuHOM henmujoMm w3
nojaTaka 3a MOHOKpHCTal [2]. ¥V oBoM pany HaljeHO je Ia ce y CIELHjalHOM IOJ0Xajy,
AO - Aok pe. a ocum Srl, Hanaszu u 13 % Cu, 10k je nosnoxaj Sr2 noaesbeH

v fffé'd‘-"if}:jf ;‘ Ha aBa: Ha Sr2a y kome je 90 % Sr u Ha Sr2b y kome je
° obh® 5 10 % Sr, a xoju je momepen ayx b-oce 3a 0,48 A. Opaksa
A JL" AS ‘,a},\ A cyncrurymmona M TO3MIMOHA HeypeljeHOCT Huje mpuMe-
Ve “‘1 oV oW hena y nuteparypu [1 u 2]. Sr1/Cull je koopauHupan ca

Cimxa 1. CriojeBn HopMaTio yetupu O Ha kpahem W JBa Ha IyXeM pacTojamy KOjU
Ha b—ocy ca Srl/Cull, Sr2a u (opmMupajy U3LyKeHH OKTaenap. Sr2a UMa KOOpAMHALM]Y 9
St2b. y 00JIMKY TPOCTPYKO KPYHHCAHE TPUTOHATIHE MPU3ME, 0K je

Sr2b y nenpaBuinHoj 5+2 xoopauHanuju. Cul (Kb=4) je y
KBajpaTHO-TUIaHapHOj, a Cu2 (Kb=5) y kBaapaTHO-IMpaMUIATIHO] KOOPAUHALUjH. ATOMH
(dochopa cy y yobuuajeHO MpaBUIIHO]j TeTpaeaapckoj koopanHanuju. CyMe BaJIeHIIU Be3a
3a Cul, Cu2 u Sr2b, ykasyjy Ha OCTOjame HHTepaKIMja 1 ca JaJbUM JIMraHJiMa.
Yemsepmu aymop 060z paoda 3axeéamyje ce Hayunom pondy Aycmpuje (FWF)
(Ilpojexam T300-N19).

[1T A. A. Belik, A. P. Malakho, B. 1. Lazoryak, S. S. Khasanov, J. Solid State Chem.,163
(2002), 121-131.
[2] H. Effenberger, J. Solid State Chem., 142 (1999), 6-13.
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Rare earth oxide nanoparticles of Y,,.Yb,O; (x=0.06, 0.10, 0.20, 0.40) were
synthesized by thermal degradation of acetylacetonato complexes (Y(acac); and
Yb(acac);). X-ray powder diffraction data (XRPD) of all samples were collected on a
PANalytical X'pert PRO MPD diffractometer in reflection mode using CuKo,; radiation.
High resolution transmission electron microscopy (HRTEM) measurements of the samples
were carried out using a JEOL 2010F electron microscopy. The Raman spectra of Y,.
+Yb,0; were measured in the backscattering configuration using micro-Raman Jobin Yvon
T64000 system.

From crystallographic and Raman results it was possible to conclude that the
particles are core/shell structured with cubic crystalline core and monoclinic like disordered
shell. Crystal structure refinement of the core showed that Yb*" occupy preferently 85
Wyckoff position (Cs;) in the space group Ia3 for low Yb*" concentrations, while for 20
at.% Yb®" a random distribution was found. Microstructure parameters, crystallite size and
microstrain, in nanosized oxides, were obtained from X-ray powder diffraction data as well
as from HRTEM. It was shown that the particles are monodisperse with narrow size
distribution in all samples.
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Nanocesti¢ni oksidi retkih zemalja Y,,YbO; (x=0,06, 0,10, 0,20, 0,40)
sintetisani su termickom dekompozicijon acetilacetonato kompleksa (Y(acac); i Yb(acac)s).
Difraktogrami praha svih uzoraka snimljeni su pomocu PANalytical X'pert PRO MPD
diffraktometra u refleksionoj geometriji koriste¢i CuKa; zracenje. Uzorci su snimljeni i
pomocu transmisionog elektronskog mikroskopa visoke rezolucije JEOL 2010F. Ramanovi
spektri uzoraka Y,.,Yb,O3 snimljeni su pomoc¢u mikro-Raman Jobin Yvon T64000 sistema,
koriste¢i povratno zracenje.

Analizom difraktograma praha i Ramanovih spektara zakljuceno je da Cestice
uzoraka poseduju izraZzenu jezgro/omotac strukturu, kao i da je struktura jezgra kubna dok
je struktura omotaca najverovatnije monoklini¢na. Uta¢njavanjem kristalne strukture,
koriste¢i difraktograme praha ustanovljeno je da Yb*" joni preferentno zauzimaju 8b
Vikofove (Wyckoff) polozaje (Cs;) u prostornoj grupi /a3 za male koncentracije Yb*", dok
je pri koncentraciji od 20 at.% Yb’" jona nadena sludajna distribucija. Mikrostrukturni
parametri, veli¢ina kristalita i mikronaprezanje, takode su odredeni iz difrakcionih
podataka, kao i na osnovu snimaka dobijenih elektronskim mikroskopom. Pokazano je da
su svi uzorci monodisperzni sa uskom distribucijom veliine Cestica.
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The interactions of coordinated water molecules and n-system of Cg-aromatic
group, called metal ligand aromatic cation—m interactions (MLACn) were recognized and
studied in crystal structures of metalloproteins and metal complexes [1,2]. However, aqua
ligand and Cg-aromatic group can also form C—H...O interaction, where water molecule is
hydrogen atom acceptor.

In this work we present the results for intermolecular C—H...O interactions
between coordinated water molecules and Cg-aromatic groups. Investigation of interactions
was based on statistical analysis of crystal structures and high level ab initio calculations.
The statistical study is based on the crystal structures archived in the Cambridge Structural
Database. We searched for structures satisfying the geometric criteria for C-H...O
interactions. By searching crystal structures from CSD we found 604 structures with 746
intermolecular interactions where aqua ligand is hydrogen atom acceptor. Ab initio
calculations were done on the water-benzene model systems based on the geometries
observed in the crystal structures. Ab initio calculations showed that bifurcated C—H...O
interaction (Fig. a) is more stable. This is a consequence of tendency of water molecule to
make energetically more stable interaction with two adjoining hydrogen atoms from
aromatic group. The geometric analysis showed that linear arrangement is favored in
crystal structures (Fig. b). The visual analysis of structures showed that the reason for
linear arrangement is steric effect, because interacting groups are usually voluminous.

(2) (b)

[1]1S. D. Zari¢, D. Popovi¢, E. W. Knapp, Chem. Eur. J., 6 (2000), 213.
[2] M. K. Mil¢i¢, S. D. Zari¢, Eur. J. Inorg. Chem., (2001), 2143.
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U kristalnim strukturama metaloproteina i kompleksa metala uocene su i ispitivane
[1,2] interakcije kordinovanog molekula vode i m-sistema Cg-aromaticne grupe, koje se
nazivaju metal ligand aromaticne katjon — & interakcije (MLACm). Medutim, akva ligand i
Cg-aromamaticna grupa mogu da grade i C—H...O interakcije, u kojima je molekul vode
akceptor atoma vodonika.

U ovom radu, prikazaéemo rezultate za medumolekulske C—H...O interakcije.
IstraZivanje je zasnovano je na statistickoj analizi kristalnih struktura i na ab initio
proracunima. U statisti¢koj analizi koristili smo strukture koje su arhivirane u Kembrickoj
kristalografskoj bazi podataka i to samo one koje zadovoljavaju geometrijske kriterijume
za C-H...O interakcije. Koris¢enjem ovih kriterijuma, u bazi smo pronasli 604 kristalne
strukture, sa 746 interakcija, u kojima je akva ligand akceptor atoma vodonika. Ab initio
proracuni su uradeni na modelima voda-benzen dimera, ¢ija geometrija je dobijena na
osnovu statisticke analize. Proracuni su pokazali da je favorizovana bifurkovana interakcija
(slika a). Ovakva orijentacija je posledica teznje molekula da gradi energetski stabilnije
interakcije sa dva susedna vodonikova atoma aril grupe. Medutim, geometrijska analiza
pokazuje da je favorizovana linearna orijentacija (slika b). Pregledom struktura, zakljucili
smo da je razlog linearnog rasporeda sterni uticaj, jer su interagujuce grupe obi¢no
voluminozne.

(a) (b)

[1]S. D. Zari¢, D. Popovi¢, E. W. Knapp, Chem. Eur. J., 6 (2000), 213.
[2] M. K. Mil¢i¢, S. D. Zari¢, Eur. J. Inorg. Chem., (2001), 2143.
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The conformations of molecules in crystal structures depend on the interactions
with the solvent, in particular with water molecules. The interactions of water molecule
with the m-electrons of aromatic groups could play important roles in crystal packing. The
investigation of OH/x interactions between water molecule and the aromatic groups of
amino acids in crystal structures of proteins confirmed a relatively frequent occurrence of
these interactions [1].

In this paper we present the intermolecular interactions of water molecule where
one of the O—H bonds or the whole molecule is parallel to the Cg-aromatic rings. The
results were obtained by analyzing the interactions in crystal structures from the Cambridge
Structural Database (CSD) and by ab initio calculations of the benzene-water dimer model
systems including the CCSD(T) level of electron correlation correction. In our previous
work horizontal distance of 2.0 A was used as a geometric criterion [2]. Here, during the
search this parameter was extended to 2.5 A, in order to determine if there are interactions
in the area beyond 2.0 A. A survey of crystal structures revealed that the total number of
parallel contacts is 893. By searching the CSD 134 contacts with the parallel alignments of
the whole water molecule were found and also 481 contacts with parallel alignment of the
O-H, bond. The analysis of the geometries showed that most water molecules are
positioned just outside the ring — above the region of the C—H bonds. A significant number
of structures was found in the region of the horizontal distance of 2.0 — 2.5 A in the new
search. The ab initio calculations were done on a number of model systems with the
parallel alignment of the whole water molecule and with one of the O—H bonds parallel to
the ring plane. The calculations were performed at the MP2 and CCSD(T) levels using
different basis sets. For all model systems the calculated normal distances are shorter for
the water molecule above the C—H region (3.0 — 3.3 A) than above the ring (3.4 — 3.6 A).
The calculated normal distances are in agreement with the distances observed for similar
interactions in the crystal structures.

[1] T. Steiner, Biophys.Chem., 95 (2002), 195-201.
[2] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun., 48 (2008), 6546-6548.
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Konformacije molekula u kristalnim strukturama u dobroj meri zavise od
interakcija sa rastvaracem, pogotovo sa vodom. Interakcije molekula vode sa m-elektronima
imaju vaznu ulogu u kristalnim strukturama. Istrazivanje OH/m interakcija izmedu
molekula vode i aromati¢nih grupa iz amino kiselina u kristalnim strukturama proteina
potvrduju prisustvo ovih interakcija[1].

U ovom radu ispitane su intermolekulske interakcije molekula vode gde su jedna
ili obe O—H veze paralelne sa Cg-aromati¢nim prstenom. Rezultati su dobijeni analizom
kristalnih struktura arhiviranih u Kembrickoj bazi podataka (CSD) i pomoc¢u ab initio pro-
racuna na model sistemima benzen-voda dimera, ukljuc¢ujuci i CCSD(T) nivo elektronske
korelacione korekcije. U nasem prethodnom radu kao geometrijski kriterijum koris¢eno je
horizontalno rastojanje od 2,0 A [2]. Ovde je pretraga uradena sa poveéanjem ovog para-
metra na 2,5 A, u cilju da se odredi da li postoje interakcije preko 2,0 A. Tokom pretrage
kristalnih struktura nadeno je ukupno 893 kontakta sa paralelnom orijentacijom. Nadeno je
134 kontakta gde je ceo molekul vode paralelno orijentisan, a takode i 481 kontakt gde je
samo O—H; veza paralelno orijentisana. Analiza geometrija pokazuje da je ve¢ina molekula
vode smestena tacno izvan prstena, u oblasti iznad C—H veza. U novoj pretrazi naden je
znadajan broj struktura u intervalu gde je horizontalno rastojanje izmedu 2,0 i 2,5 A. 4b
initio proracuni su uradeni na velikom broju model sistema sa paralelnom orijentacijom ili
celog molekula vode ili jedne O—H veze sa ravni prstena. Proracuni su radeni na MP2 i
CCSD(T) nivoima, koriste¢i razne bazis setove. U svim model sistemima izracunata nor-
malna rastojanja su kraéa za molekule vode koji su iznad C—H regiona (3,0 — 3,3 A) nego
iznad prstena (3,4 — 3,6 A). Izradunata normalna rastojanja u skladu su sa rastojanjima
primecéenim u kristalnim strukturama.

v

[1] T. Steiner, Biophys.Chem., 95 (2002), 195-201.
[2] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun., 48 (2008), 6546-6548.
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It was shown that chelate rings with delocalized m-bonds can be involved in
noncovalent interactions in ways similar to aromatic organic molecules [1-3]. Chelate rings
can be involved in CH—r interactions as hydrogen acceptors with organic moieties and in
stacking interactions with Cg-aromatic rings [3]. Our previous results showed that the
geometry of the stacking interaction between Cg-aromatic and chelate rings is similar to the
geometry of the stacking interaction of two benzene rings [2].

In this work we analyzed trends of Cg-aromatic group to make stacking
interactions with chelate rings or with other Cg-aromatic group. The statistical
investigations were performed on three fragments (a, b, ¢) in which Cg-aromatic group is
condensed with chelate ring. We only looked for such interactions in which distances
between centroids of two Cg-aromatic groups and between centroids of chelate and Cg-
aromatic rings are less than 5 A. By searching crystal structures from CSD we found
interactions in 48, 43 and 50 structures that include first (a), second (b), and third fragment
(c), respectively. We calculated the distances between centroid of two Ce-aromatic rings
and distances between Cg-aromatic and chelate rings. Parameter A present the difference of
these two distances (A = Cg— Cyy), and in most cases has positive values. This indicates
that stacking interactions between chelate and phenyl rings are more numerous than
stacking interactions between two Cg-aromatic groups.

a

<)

[1]1Z. D. Tomi¢, S. B. Novakovi¢, S. D. Zari¢, Eur. J. Inorg. Chem., (2004), 2215-2218.

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

[3] D. N. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomié, S. D. Zari¢, CrystEngComm, 9 (2007),
793-798.
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Pokazano je da helatni prstenovi sa delokalizovanim =m-vezama mogu biti
ukljuéeni u nekovalentne interakcije koje su karakteristicne za organske aromati¢ne
molekule [1-3]. Helatni prstenovi mogu graditi CH-rt interakcije kao akceptori vodonika sa
organskim ligandima i steking interakcije sa Cg-aromati€nim prstenovima [3]. Podaci
pokazuju da je geometrija steking interakcija izmedu fenil i helatnih prstenova slicna
geometriji dva benzenova prstena [3].

U ovom radu analizirali smo tendencije Cg-aromati¢ne grupe za gradenje steking
interakcija sa helatnim odnosno drugim Cs-aromati¢nim prstenovima. Statisticka ispitivanja
su radena na tri fragmenta (a, b, ¢) u kojima je Cg-aromati¢na grupa kondenzovana sa
helatnim prstenom. Trazili smo one interakcije u kojima su rastojanja izmedu centara dve
Cg-aromaticne grupe kao i rastojanja izmedu centra helatnog i Cg-aromati¢nog prstena
manja od 5 A. Pretragom kristalnih struktura iz CSD-a, pronadene su interakcije u 48
struktura koje sadrze prvi (a), 43 struktura koje sadrze drugi (b) i 50 struktura koje sadrze
tre¢i fragment (c). Posmatrali smo rastojanja izmedu centara dva Cg-aromati¢na prstena i
rastojanja izmedu Cg-aromati¢nog i helatnog prstena. Parametar A predstavlja razliku
izmedu ova dva rastojanja (A =Cgk—Cy), 1 u najveéem broju primera ima pozitivnu
vrednost. Ovo ukazuje na to da su steking interakcije izmedu helatnih i fenil prstenova
brojnije u odnosu na steking interakcije izmedu dve Cg-aromaticne grupe.

)rr X 00

[1]Z. D. Tomi¢, S. B. Novakovié, S. D. Zari¢, Eur. J. Inorg. Chem., (2004), 2215-2218.

[2] Z. D. Tomi¢, D. N. Sredojevi¢, S. D. Zari¢, Crystal Growth & Design., (2005), 29-31.
[3] D. N. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomi¢, S. D. Zari¢, CrystEngComm, 9 (2007),
793-798.
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