CPIICKO KPUCTAJIOT'PA®CKO JPYHITBO

SERBIAN CRYSTALLOGRAPHIC SOCIETY

XXl KOH®EPEHIINJA
CPIICKOI' KPUCTAJIOI'PA®CKOTI IPYHITBA
H3Boau pamosa

22" CONFERENCE OF THE
SERBIAN CRYSTALLOGRAPHIC SOCIETY
Abstracts

CwmenepeBo-Smederevo
2015



XX KOHOEPEHIIMJACPIICKOI' KPUCTAJIOTPA®CKOT IPYIITBA
W3Boau panosa

22" CONFERENCE OF THE SERBIAN CRYSTALLOGRAPHIC SOCIETY
Abstracts

Nsnasau — Publisher:

Cpricko kpucTanorpadcko apymrBo

Bymuna 7, 11000 beorpan, Ten./daxc: 2635-217

Serbian Crystallographic Society

Pusina 7, 11000 Belgrade, Serbia, phone/fax: 381-11-2635-217

3a uzgasaua — For the publisher:
Cpehko Tpudynosuh — Srecko Trifunovic

VYpennux — Editor:
Cpehko Tpudynosuh — Srecko Trifunovic

Texunuku ypenauuk — Technical editor:
Bepuria Jestuih — Verica Jevti¢

y3 momoh — with help of:
Hannjera CrojkoBuh — Danijela Stojkovic
T'opnana Paguh — Gordana Radi¢

W3 naBawe oBe nmybnukanuje omoryheno je ¢punancujckom nomohu IpupomaHo-
-MaTeMaTH4Kor ¢axynrera, Y HuBep3urera y Kparyjesiy.

This publication is financially supported by the Faculty of Science, University of
Kragujevac.

Cpricko kpuctanorpadceko apymrso — Serbian Crystallographic Society
ISBN 978-86-912959-2-9
IItamna — Printing

Komupuauma YT A
Kparyjesar - Kragujevac

Tupax — Copies: 70
Kparyjesan — Kragujevac
2015



CHHK 2 SRPSKO KRISTALOGRAFSKO DRUSTVO
SERBIAN CRYSTALLOGRAPHIC SOCIETY

XX KOH®EPEHLIUJA
CPIICKOI' KPUCTAJVIOT'PA®CKOI IPYLHITBA

22" CONFERENCE OF THE
SERBIAN CRYSTALLOGRAPHIC SOCIETY

Hayunu ox6op — Scientific Committee:

np Jejau [Moneru, TM®, beorpaz- Dr. Dejan Poleti, TMF, Belgrade

np Jenena Poran, TM®, Beorpan - Dr. Jelena Rogan, TMF, Belgrade

np Jbusbana Kapanosuh, PI'®, Beorpan - Dr. Ljiljana Karanovi¢, RGF,
Belgrade

np Anekcangap Kpemenosuh, PI'®, beorpan - Dr. Aleksandar Kremenovic,
RGF, Belgrade

np [penpar Bynuh, PI'®, beorpan - Dr. Predrag Vuli¢, RGF, Belgrade

np Aruemr Kanop, [IM®, Hosu Cap - Dr. Agnes Kapor, PMF, Novi Sad

np Cphan Paxuh, [IM®, HoBu Canx - Dr. Srdan Raki¢, PMF, Novi Sad

np Omusepa Kimucypuh, [IM®, HoBu Can - Dr. Olivera Klisuri¢, PMF, Novi
Sad

np Cuexana 3apuh, X®, beorpaz - Dr. SneZzana Zari¢, HF, Belgrade

np bpatucnas Autuh, UHH ,,BUHYA”, Beorpan - Dr. Bratislav Anti¢, INN
,VINCA”, Belgrade

ap I'opan bornanosuh, MHH ,,BUHYA”, beorpaz - Dr. Goran Bogdanovic,
INN ,,VINCA”, Belgrade

np Cnahana Hoakosuh, UHH ,,BUHYA”, beorpan - Dr. Sladana
Novakovié¢, INN ,,VINCA”, Belgrade

Opranmzanuonu oadop — Organizing Committee:

Cpehko Tpudynosuh, [IM®, Kparyjesan — Sre¢ko Trifunovi¢, Faculty of
Science, Kragujevac

Bepuna Jestuh, [IM®, KparyjeBan - Verica Jevti¢, Faculty of Science,
Kragujevac

lopnana Paguh, ®akynrer MenuumHckux Hayka, Kparyjean — Gordana
Radi¢, Faculty of Medical Sciences, Kragujevac

Hanujena CrojkoBuh, [IM®, KparyjeBan — Danijela Stojkovié, Faculty of
Science, Kragujevac


http://skd.org.rs/

CAJIPKAJ — CONTENTS

IINIEHAPHA TIPEJABAIBA — PLENARY LECTURES..........oooviiii, 10

Ivan Potoéinak, Peter VVranec, Sayed A. Drweesh
Pd AND 3d METAL COMPLEXES WITH DERIVATIVES OF QUINOLIN-8-OL.. 11

Sergey V. Krivovichev
SIMPLICITY AND COMPLEXITY IN THE WORLD OF INORGANIC CRYSTAL
STRUCTURES..... .ottt ettt sttt et ere e e 13

Dusanka D. Radanovié
METAL(II) I METAL(IlI1) KOMPLEKSI SA DIAMINOPOLIKARBOKSILATNIM

LIGANDIMA 1,3-PDTA-TIPA- KRISTALOGRAFSKA PERSPEKTIVA..........cccue.... 14
DuSanka D. Radanovi¢

METALC(II) AND METAL(II) COMPLEXES WITH
DIAMINOPOLYCARBOXYLATE 1,3-PDTA-TYPE LIGANDS - A
CRYSTALLOGRAPHIC PERSPECTIVE.......ccoiiee ettt 16

Tamara Todorovié
SELENOSEMIKARBAZONI | NJIHOVI KOMPLEKSI: OD STRUKTURE DO
F e S I V0 [ 1 I TR 18

Tamara Todorovié¢
SELENOSEMICARBAZONES AND CORRESPONDING COMPLEXES: FROM
STRUCTURE TO ACTIVITY ..ottt sttt sttt s ebae s 20

CAOHNUITEBA - ORAL PRESENTATIONS. ..., 22

P. Dabi¢, P. Vuli¢, V. Kahlenberg, A. Kremenovi¢
KRISTALOHEMIJA NEKIH SILIKATA RETKIH ZEMALJA SINTETISANIH
METODOM KF FLUKSA . ... ..ottt ste e 23

P. Dabié, P. Vulié¢, V. Kahlenberg, A. Kremenovié¢
CRYSTAL CHEMISTRY OF SOME KF FLUX GROWN REE-SILICATES.............. 24

Dusan P. Malenov, Goran V. Janji¢, Snezana D. Zari¢
GEOMETRIJA PROTIV ENERGIJE: TRIMERI BEZENA U KRISTALNIM
STRUKTURAMA MALIH | MOLEKULA SREDNJE VELICINE............cccccocovuevnnnn., 25

Dusan P. Malenov, Goran V. Janji¢, SneZana D. Zari¢
GEOMETRY VS. ENERGY: BENZENE TRIMERS IN CRYSTAL STRUCTURES




OF SMALL AND MEDIUM-SIZED MOLECULES..........ccccoviiiiiccccee, 26

L. Radovanovié, J. Rogan D. Poleti
KRISTALNA STRUKTURA NOVOG HETERONUKLEARNOG POLIMERA
[CUzMn(C8H4O4)3(C10H9N3)2]n ................................................................................. 27

L. Radovanovié, J. Rogan, D. Poleti
CRYSTAL STRUCTURE OF HETERONUCLEAR COORDINATION POLYMER

[CUzMn(C8H4O4)3(C10H9N3)2]n .................................................................................. 28
J. Popovié, A. Purisi¢, M. Bijeli¢, 1. Perd, Z. Popovic, S. Brki¢, 7. Skoko

CoMn,0O, - NOVI NAPREDNI ANODNI MATERIJAL U
Li-IONSKIM BATERIJAMA . ...ttt ettt sra e b b 29

J. Popovié, A. Purisi¢, M. Bijeli¢, 1. Perd, Z. Popovic, S. Brkié, 7. Skoko
HIGH PERFORMANCE OF CoMn,0,AS AN ADVANCED ANODE MATERIAL
IN LITHIUM ION BATTERY ...ttt sttt st enne s 30

B. Simovié, D. Poleti, A. Dapéevié, G. Brankovié, A. Matkovié¢, A. Golubovi¢®
POBOLJSANA FOTOKATALITICKA AKTIVNOST SREBROM

MODIFIKOVANIH ZnO NANOPRAHOVA DOBIJENIH SOLVOTERMALNIM

=T R 0 = 7@ Y T 31

B. Simovi¢, D. Poleti, A. Dap¢evié¢, G. Brankovi¢, A. Matkovié, A. Golubovié¢
ENHANCED PHOTOCATALYTIC ACTIVITY OF Ag MODIFIED ZnO
NANOPOWDERS PREPARED BY THE SOLVOTHERMAL METHOD.................. 32

TaMaPa T)ongelmh
M1t _Mm2sh *_(H)-APCEHWUTHU: TPEHYTHU CTATYC U KPUCTAJIHA
CTPYKTVYPA NagCU7(ASO3)6. cveeveirriireiiiiieiieitesesiesteevetestessaesresae e ssaesvesssensenns 33

Tamara Pordevié
M1M2_M22"¥_(H)-ARSENITES: PRESENT STATUS AND THE CRYSTAL
STRUCTURE OF NayCa7(ASO5)g.....eevververeereereerreriseeonseessessssssesesesssesessssssssesnnenns 34

INOCTEPCKA CEKHMJA - POSTER PRESENTATIONS............cocoenni 35

4. K. BesbkoBuh, B. b. Menakosuh, C. 1. 3apuh

EJIEKTPOCTATHYKHU [IOTEHIUJAJIN U KPUCTAJIHE CTPYKTYPE:

CJIVHYAJ CH/O UHTEPAKL[UJA U3MEBY KOOPIJTHHOBAHOI MOJIEKYJIA
BOIE U APOMATHYHUX CH JJOHOPA...........cooviiiiiieiiiiieise e 36

D. Z. Veljkovié, V. B. Medakovi¢, S. D. Zari¢

ELECTROSTATIC POTENTIAL AND CRYSTAL STRUCTURES: CASE OF

CH/O INTERACTIONS BETWEEN COORDINATING WATER MOLECULE AND
AROMATIC CH DONOR.....ooeeeeeeeeeeeeeeeeeee e s s es s e e eneese s n s 37



B. Paguma, B. Mucaunnosuh, A. Kexknh, M. Mutposuh
34BUCHOCT FP3UHA PACTA MAJIMX KPUCTAJIA HATPUJYM-XJIOPATA
OJ] PEJIATUBHOI' IPECUREIBA PACTBOPA........c.cooviiiiiiiiiiici 38

B. Radisa, B. Misailovié, A. Zeki¢, M. Mitrovié¢
DEPENDENCE OF SMALL SODIUM CHLORATE CRYSTALS GROWTH
RATES ON RELATIVE SUPERSATURATION OF THE SOLUTION.........cccceuuenee. 39

Danijela Lj. Stojkovi¢, Verica V. Jevti¢, Nenad Vukovi¢, Milena Vukié,
Gordana P. Radi¢, Ivan Potocnak, Sre¢ko R. Trifunovié

SINTEZA | KRISTALNA STRUKTURA 2-ACETILBUTIROLAKTONA SA METIL
ESTROM L-TIROZINA ... .ottt sttt sttt et e e nre e e 40

Danijela_Lj. Stojkovié, Verica V. Jevti¢, Nenad Vukovi¢, Milena Vukié,
Gordana P. Radi¢, Ivan Potocnak, Sre¢ko R. Trifunovié

SYNTHESIS AND CRYSTAL STRUCTURE OF 2-ACETYLBUTYROLACTONE

WITH METHYL ESTER OF L-TYROSINE.......c.coiiiiiiiiiiie ettt 41

Gordana P. Radi¢, David. Capucci, Alessia Bacchi, Danijela Lj. Stojkovi¢,
Verica V. Jevtic, Nenad Vukovié¢, Milena Vuki¢, Katarina Andelkovié,
Srec¢ko R. Trifunovié

SINTEZA | KRISTALNA STRUKTURA PALADIJUM(I1) KOMPLEKSA SA

METIL 2-(1-(2,4-DIOKSOHROMAN-3-ILIDEN)ETILAMINO)ACETATOM.......... 42

Gordana P. Radié, Davide Capucci, Alessia Bacchi, Danijela Lj. Stojkovi¢,
Verica V. Jevtic, Nenad Vukovié, Milena Vuki¢, Katarina Andelkovi¢,
Srec¢ko R. Trifunovié

SYNTHESIS AND CRYSTAL STRUCTURE OF PALLADIUM(I) COMPLEX

WITH METHYL 2-(1-(2,4-DIOXOCHROMAN-3-
-YLIDENE)ETHYLAMINO)ACETATE......coiiiiietetreee e 43

G. Janji¢, S. Jeli¢, M. Radibratovié¢, M. Milcié
PRIMENA KRISTALOGRAFSKIH PODATAKA U ISPITIVANJU INTERAKCIJA
FLUORA U KRISTALNIM STRUKTURAMA MALIH MOLEKULA...........ccccvvvennne 44

G. Janji¢, S. Jeli¢, M. Radibratovié, M. Mil¢ié

THE APPLICATION OF CRYSTALLOGRAPHIC DATA FOR STUDY OF
INTERACTIONS OF FLUORINE ATOM IN THE CRYSTAL STRUCTURE OF

SMALL MOLECULES. ..ottt sttt 45

J. Auapuh, I'. Japuh, M. MunosanoBuh, C. JI. 3apuh
IIPUBJ/IAYHE UHTEPAKI[UJE HEBOJJOHHUYHO BE3AHUX MOJIEKYJIA

J. Andrié, G. Janji¢, M. Milovanovi¢, S. D. Zarié¢
ATTRACTIVE INTERACTIONS BETWEEN NON-HYDROGEN-BONDED
WATER MOLECULES........ooitee ettt e 47



J. M. Vuji¢, A. Hatzidimitriou, S. R. Trifunovi¢, A. Geronikaki, D.
Papagiannopoulou

KRISTALNA STRUKTURA RENIJUM(1) KOMPLEKSA SA NOVIM TIAZOL
TIPOM LIGANDA . ...ttt sre e et ente e nae e

J. M. Vuji¢, A. Hatzidimitriou, S. R. Trifunovié¢, A. Geronikaki, D.
Papagiannopoulou

CRYSTAL STRUCTURE OF RHENIUM(I) COMPLEX WITH NEW THIAZOLE
TYPE LIGAND.....cct ittt sttt et ena e st teste et e teeneenresneeneens

A. Lazi¢, L. Radovanovi¢, J. Rogan, G. Uséumlié
SINTEZA, STRUKTURA | SVOJSTVA
3-BENZIL-CIKLOPENTANSPIRO-5-HIDANTOINA........oooiieeieeecieecee e

A. Lazi¢, L. Radovanovi¢, J. Rogan, G. Uséumlié
SYNTHESIS, CRYSTAL STRUCTURE AND PROPERTIES OF
3-BENZYL-CYCLOPENTANESPIRO-5-HYDANTOIN.......ccooveiiiiiieeecre e

Mapuja Jepemuh, 3opan Marosuh, Emuna Mpkanuh, Peter Comba, Hubert
Wadepohl

CUHTE3A U KPUCTAJIHA CTPYKTYPA cis-equatorial-
AKBAETUJIEHITUAMUH-NN,N'-TPUAI[ETATOPOIHUIYM(III)
MOHOXUIIPATA, [Rh(ed3a)HO XHoO.. .ot

Marija Jeremié, Zoran Matovi¢, Emina Mrkali¢, Peter Comba, Hubert
Wadepohl

SYNTHESIS AND CRYSTAL STRUCTURE OF cis-equatorial-
AQUAETHYLENEDIAMINE-N,N,N'-TRIACETATORHODIUM(lII)
MONOHYDRATE, [Rh(d3a)H,0 XH0....c.ccviiiiiiciiiceceeecee e,

M. V. Rodi¢, M. M. Radanovi¢, V. M. Leovac, Lj. S. Vojinovi¢-Jesié, S. B.
Novakovié, G. A. Bogdanovi¢
POLIMORFI SALICILIDEN-AMINOGVANIDINIJUM NITRATA. ..o

M. V. Rodi¢, M. M. Radanovi¢, V. M. Leovac, Lj. S. Vojinovi¢-Jesié, S. B.
Novakovié, G. A. Bogdanovié
POLYMORPHS OF SALICYLIDENE-AMINOGUANIDIUM NITRATE..................

M. Radibratovié, S. Pusara, G. Janji¢, M. Mil¢ié
PRIMENA KRISTALOGRAFSKIH PODATAKA DOBIJENIH 1Z PROTEINSKE
BANKE PODATAKA U ISPITIVANJU INHIBITORA Na+/K+-ATP-aze.................

M. Radibratovié, S. Pusara, G. Janji¢, M. Mil¢ié
THE APPLICATION OF CRYSTALLOGRAPHIC DATA OBTAINED FROM THE
PROTEIN DATA BANK IN THE STUDY OF INHIBITORS OF Na+/K+-ATPase..

H. Yurakosuh, M. Taguh
MATHETHA CBOJCTBA HAHOYECTUYHOI” ®EPHU-OKCH][A

48

52

53

57



Y AMOP®OHOJ AIIYMUHUIYMCKOJ MATPULIHU.............coecvveiiiiiiinee 58

N. Citakovié¢, M. Tadié
MAGNETIC PROPERTIES OF IRON OXIDE NANOPARTICLES
IN AN AMORPHOUS ALUMINA MATRIX ...t ceteeeeeeeeeeeeeeeeseeeseseseeseeeeeseeseseesenenes 59

H. C. Auronujesuh, /1. I1. Maxenos, C. /I. 3apuh
KPUCTAJIOTPAD®CKA U KBAHTHO-XEMHUJCKA AHAJIU3A ITAPAJIEJIHUX

HUHTEPAKINIA Y JUMEPY TETPATHADYIIBAJIEHA. ...........ccooviiiiiinn, 60

I. S. Antonijevi¢ D. P. Malenov, S. D. Zari¢
CRYSTALLOGRAPHIC AND QUANTUM-CHEMICAL ANALYSIS OF
PARALLEL INTERACTION IN TETRATHIAFULVALENE DIMER.........c..cccveeun... 61

M. B. Bykuh, M. Renauh, 3. /. Matosuh, O. Kaucypuh

CHHTE3A,  KAPAKTEPH3ALMJA U  KPUCTAJIHA  CTPYKTYPA
KOMITJIEKCA [Ru(>-p-cymene)Cly(5-MAPYCN-ITZ)] HoO.voovovoovoeceeeereveeereennn 62

M. B. Duki¢, M. Cendi¢, Z. D. Matovi¢, O. Klisurié
SYNTHESIS, CHARACTERIZATION AND CRYSTAL STRUCTURE OF
COMPLEX [Ru(1>-p-cymene)Cly(5-MAPYCN-1TZ)1Hz0ovvvecoeeeeeeeer e 63

N. Danilovi¢, A. Janiéijevi¢, B. Cabrié
KRISTALIZACIONA KLUPA......oooieoieoeeeeeeeeeseeeee e 64

N. Danilovi¢, A. Janiéijevi¢, B. Cabrié
CRYSTALLIZATION BENCH.......ovovoieeeeeeee oo 65

J. Jb. paress . M. bBoxunoscku, U. M. Crankosuh, /. K. BesbkoBuh, C.

. 3apuh

C-H/O UHTEPAKLUJE APOMATHUYHUX [IPCTEHOBA ¥V [IPOTEUHHUMA:
KPUCTAJIOTPADCKA CTYIQUJTA. ..ottt 66

J. Lj. Dragelj, D. M. BoZinovski, I. Stankovi¢, D. Z. Veljkovi¢, S. D. Zari¢
C-H/O INTERACTIONS OF AROMATIC RINGS IN PROTEINS:
CRYSTALLOGRAPHIC STUDY .....oiiiiiiiiieite st 67

M. Milenkovi¢, B. éobeljic’, A. Pevec, I. Turel, K. Andelkovi¢

KRISTALNE STRUKTURE HLORIDO | IZOCIJANATO KOMPLEKSA Ni(ll) SA
KONDENZACIONIM PROIZVODOM 2-(DIFENILFOSFINO) BENZALDEHIDA

T ZIRAROVOG T REAGENSA ......oooseeeeeeeeeeeeeeeeeeeereeeeeeveseees s 68

M. Milenkovi¢, B. Cobelji¢, A. Pevec, 1. Turel, K. Andelkovi¢

CRYSTAL STRUCTURES OF CHLORIDO AND ISOCYANATO Ni(ll)
COMPLEXES WITH CONDENSATION PRODUCT OF
2-(DIPHENYLPHOSPHINO)BENZALDEHYDE AND GIRARD’S T REAGENT.... 69



C. Kosau, T. Bophesuh, /b. Kapanosuh
HOBH APCEHAT SrNiy(AsOy),(H,0), HYMKOPHUTCKOI THIIA CTPYKTYPE.

S. Kovaé, T. Dordevié, Lj. Karanovié¢
A NEW ARSENATE SrNiy(AsO,),(H,0), RELATED TO TSUMCORITE.................

Tamapa Boplhesuh, Jesena Poran, Muanua Kocosuh, Eugen Libowitzky,
Gerald°Giester, Kesbko Jahumosuh

KPUCTAJIHA CTPYKTYPA JUHYKIEAPHOI' A-HUTPO-3-ITHPA30J1
KAPBOKCHJIAT BAKAP(I1) KOMITTEKCA,[Cu»(C4HN;04),(H,0)e] -2H,0........

Tamara Dordevi¢, Jelena Rogan, Milica Kosovié, Eugen Libowitzky,
Gerald°Giester, Zeljko Ja¢imovi¢

CRYSTAL  STRUCTURE  OF DINUCLEAR  4-NITRO-3-PYRAZOLE
CARBOXYLATO COPPER(Il) COMPLEX, [Cu,(C4HN304)2(H20)¢]-2H,0............

70

71

72



IINIEHAPHA ITIPEJJABAIBA
PLENARY LECTURES

10



Pd AND 3d METAL COMPLEXES WITH DERIVATIVES OF
QUINOLIN-8-OL

Ivan Poto&iiak®, Peter Vranec?, Sayed A. Drweesh®”

®Department of Inorganic Chemistry, Faculty of Science, P. J. Safarik University,
Moyzesova 11, 04154 Kosice, Slovakia; "Department of Inorganic Chemistry, National
Research Centre, P.O. 12622, 33 Elbohoth St., Dokki, Giza, Egypt.

email: ivan.potocnak@upjs.sk

Complexes of general formulae [M(XQ).]l, [M(XQ)(H:0),]l, [M(XQ)s],
[PA(XQ),] and Cat[PdCI»(XQ)], where M is a 3d metal, Cat is a monovalent cation (K",
Cs*, NH,(CHs)," or protonated molecule of HQ or XQ) and XQ are biologically active
derivatives of quinolin-8-ol (HQ): 5-chloro-quinolin-8-ol (CIQ), 5,7-dichloro-quinolin-8-ol
(dCIQ), 5,7-dibromo-quinolin-8-ol (dBrQ), 5-chloro-7-iodo-quinolin-8-ol and 5-nitro-
quinolin-8-ol (NQ) were prepared as potential anticancer agents. All complexes were
characterized by IR spectroscopy, while X-ray structure analysis was performed on
complexes in a crystalline form. XQ molecules are bidentately coordinated to the central
atoms by oxygen atom after the deprotonation of XQ hydroxyl group in phenolic part, and
nitrogen atom of XQ pyridine part. [M(XQ),] and [Pd(XQ),] complexes are square planar
trans-complexes (Fig. 1a), while two chloride ligands in square planar Cat[PdCl,(XQ)]
complexes are cis-coordinated (Fig. 1b). Two water molecules in octahedral
[M(XQ)2(H,0),] complexes are in trans-positions (Fig. 1c) and three XQ molecules in
[M(XQ)s] complexes are coordinated in a mer-geometry (Fig. 1d). The structures are
stabilized by hydrogen bonds and n—r interaction.

Acknowledgement: This work was supported by the Slovak Research and
Development Agency under contract No. SK-SRB-2013-0004 and by the VEGA grant
1/0598/14. S.A.D. thanks The National Scholarship Programme of the Slovak Republic for
the financial support during his stay at P. J. Safarik University in Kogice.
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Figure 1. Structures of a) [Pd(dBrQ),], b) HQH[PACI,(NQ)], ¢) [Zn(dCIQ),(H,0),]-2H,0
and d) [Mn(CIQ);]-DMF (from top to bottom).

12



SIMPLICITY AND COMPLEXITY IN THE WORLD OF
INORGANIC CRYSTAL STRUCTURES

Sergey V. Krivovichev

Department of Crystallography, St. Petersburg State University, University Emb. 7/9,
199034 St. Petersburg Russia

The description of a particular inorganic crystal structure as ‘simple' or ‘complex’ is typical
among crystallographers. Intuitively, the level of complexity is well-understood. However,
till the recent time, the rigorous theory of structural complexity of crystals was absent. The
use of Shannon information measures advocated in [1-3] provides a simple and easy-to-
handle method to estimate complexity on the basis of the Shannon information amount
either per atom or per unit cell.

The quantitative measures of complexity based upon information are quite useful to
understand a number of phenomena related to the evolution of crystalline matter in nature
or experiment: (2) the general trend of simplification of crystal structures with increasing
temperature; (b) kinetically favored formation of metastable modifications (Goldsmith
'simplexity’ principle); (c) fluctuations of complexity along the phase transitions [4]; (d)
micro-scale evolution of mineral paragenetic associations; (e) global-scale mineral
evolution.

[1] S. V. Kirivovichev, Topological complexity of crystal structures: a quantitative
approach. Acta Crystallogr. A68 (2012) 393-398.

[2] S. V. Kirivovichev, Structural complexity of minerals: information storage and
processing in the mineral world. Miner. Mag. 77 (2013) 275-32.

[3] S. V. Krivovichev, Which inorganic structures are the most complex? Angew. Chem.
Int. Ed. 53 (2014) 654-66.

[4] A. Aliev, V. M. Kovrugin, M. Colmont, C. Terryn, M. Huve, O. I. Siidra, S. V.
Krivovichev, O. Mentre, Revised bismuth chloroselenite system: evidence of a
noncentrosymmetric structure with a giant unit cell. Cryst. Growth Des. 14 (2014) 3026-
3034.
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METAL(I1) I METAL(I11) KOMPLEKSI SA
DIAMINOPOLIKARBOKSILATNIM LIGANDIMA 1,3-PDTA-TIPA
- KRISTALOGRAFSKA PERSPEKTIVA

D. D. Radanovié*

Institut za hemiju, tehnologiju i metalurgiju, Centar za hemiju, Univerzitet u Beogradu,
Njegoseva 12, P. fah 473, 11000 Beograd 6, Srbija,
e-mail: radanovic@chem.bg.ac.rs

Raznovrsne koordinacione sposobnosti heksadentatnih liganada 1,3-pdta-tipa (Sema
1), koji sadrze dva tercijarna azotova atoma i Cetiri karboksilne grupe, omogucavaju
formiranje razli¢itih strukturnih tipova koji se krec¢u od zasebnih (ili 0D) kompleksa [1-3]
do 1D [1e, 3,4], 2D [3-5] i 3D [4, 6-13] polimernih kompleksnih vrsta. Ligand 1,3-pdta
funkcioniSe kao heksadentatni ligand u oktaedarskim i pentagonalno-bipiramidalnim
kompleksima (IM"(H,0)6][M""'(1,3-pdta)]-2H,0 [1] i [M"(H,0)][M"(1,3-
pdta)(H,O)]-2H,O [1f, 1g]), koji grade izostrukturne serije u kristalima, i u
{[Ca(H,0)s;Ca(1,3-pdta)(H,0)]-2H,O}, [le] kompleksu kvadratho-antiprizmati¢ne
geometrije. Medutim, u {[Sry(1,3-pdta)(H,0)s]H,O}, [12] kompleksu i njemu
izostrukturnom {[Ba,(1,3-pdta)(H,0)¢] H,O},, kompleksu, kao i u drugoj kristalnoj formi
kompleksa stroncijuma ([Sr,(1,3-pdta)(H,0)s5], [13]) ustanovljen je bis-tridentatni nacin
koordinacije 1,3-pdta liganda. Promena naéina koordinacije u M(I1)-1,3-pdta kompleksnom
sistemu od heksadentatnog do bis-tridentatnog je posledica relativno jako napetih veza oko
helatnih N atoma prisutnih u M(11)-1,3-pdta kompleksnom sistemu koji sadrzi veliki sferno
simetri¢ni metalni jon visokog koordinacionog broja.

1,3-Pentandiamin-N,N,N"N “tetraacetatni jon (1,3-pndta) koji je strukturno sli¢an
1,3-pdta ligandu poseduje stereo centar na jednom od a-ugljenikovih atoma, stoga pri
heksadentatnoj koordinaciji sa jonima metala teorijski moze da gradii Cetiri
dijastereoizomera: A-[M(3R-1,3-pndta)]", A-[M(3S-1,3-pndta)]™ A-[M(3R-1,3-pndta)]"" i
A-[M(3S-1,3-pndta)]™. Dva od &etiri dijastereoizomera: A-[M(3R-1,3-pndta)]™ i A-[M(3S-
1,3-pndta)]™ su zapaZena u kristalima oktaedarskih [Ni(1,3-pndta)]*[2], [Cr(1,3-
pndta)] [4] i [Co(1,3-pndta)] [3] kompleksa. Ovi stereoizomeri zahtevaju ekvatorijalnu
poziciju etil grupe na centralnom $esto¢lanom diaminskom helatnom prstenu koji zauzima
konformaciju A uvijena-lada u A(R) izomeru i & uvijena-lada u A(S) izomeru (gde R i S
oznake oznacavaju apsolutnu konfiguraciju na etil-supstituisanom stereo centru).

Strukturna odstupanja koja su modulirana prisustvom etil supstituenta ispitivana su u
sluéaju [Ni(1,3-pndta)]* [2], [Cr(1,3-pndta)] [4] i [Co(1,3-pndta)] [3] kompleksa. Poslednja
dva kompleksa kristaliu sa razli¢itim kontra jonima ([Cr(1,3-pndta)]” sa Na*, K* and Ca®*
i [Co(1,3-pndta)]” sa Li*, K* and Ca®") pritom gradeéi polimerne strukture, izuzev u
slu¢aju Li[Co(1,3-pndta)]-4H,0 [3]. Supstitucija jednog od dijastereotopnih vodonikovih

1U saradnji sa dr Beatom Varzajtis i prof. Ursulom Rihlevskom sa Hemijskog fakulteta, Univerziteta
Adam Mickievig, Umultowska 898, 61-614 Poznanj, Poljska
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atoma u M(I11)-1,3-pdta kompleksima sa etil grupom i varijacija veli¢ine kontra jona uticu
na konformacione modalitete mostnih karboksilata, kao i na stepen hidratacije polimernih
kompleksa.

o a o
-ooc/\)ru/\(\hLAcoo- ooc/\)N/a(B/\N[\coo

“00C COO" “00C COO”
1,3-pdta 1,3-pndta

Sema 1. 1,3-Propandiamin-N,N,N',N'-tetraacetatni jon (1,3-pdta) i 1,3-pentandiamin-
N,N,N N “tetraacetatni jon (1,3-pndta).
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The versatile coordination abilities of the hexadentate 1,3-pdta-type ligands (Scheme
1), containing two tertiary amine nitrogens and four carboxylic groups, allow the formation
of diverse types of structures ranging from discrete (or 0D) complexes [1-3] to 1D [1e, 3,4],
2D [3-5] and 3D [4, 6-13] polymeric species. The 1,3-pdta ligand functions as a
hexadentate in octahedral and pentagonal-bipyramidal complexes of general formulas
[M"(H0)6][M""(1,3-pdta)]-2H,0 [1] and [M"(H,0)s][M""(1,3-pdta)(H,0)]-2H,0 [1f, 1],
which form two isostructural series in crystals, and in {[Ca(H,0);Ca(1,3-
pdta)(H,0)]-2H,0}, [le] complex of square-antiprismatic geometry. However, in
{[Sr,(1,3-pdta)(H,0)s] H,O}, [12] and isostructural with it {[Ba,(1,3-pdta)(H,0)¢] H,O},
complex [13], as well as, in another crystal form of the strontium complex ([Sr,(1,3-
pdta)(H,0)s 5], [13]) the bis-tridentate coordination mode of 1,3-pdta has been established.
The change of coordination mode of the M(II)-1,3-pdta system from hexadentate to bis-
tridentate is a consequence of relatively highly strained bonds about the chelating N atoms
that appear in the hexadentate M(I1)-1,3-pdta system with a large spherically symmetric
metal ion of high coordination humber.

The 1,3-pentanediamine-N,N,N’N “tetraacetate ion (1,3-pndta) which is the
structural analogue of 1,3-pdta, possesses a stereogenic center at one of the a-carbons,
therefore, upon of its hexadentate coordination with metal ions four diastereoisomers: A-
[M(3R-1,3-pndta)]™, A-[M(3S-1,3-pndta)]™, A-[M(3R-1,3-pndta)]™ andA-[M(3S-1,3-
pndta)]™ can be expected theoretically. Two out of four diastereoisomers: A-[M(3R-1,3-
pndta)]™ and A-[M(3S-1,3-pndta)]™ have been observed in the crystals of octahedral
[Ni(1,3-pndta)]*[2],  [Cr(1,3-pndta)] [4] and [Co(1,3-pndta)][3] complexes. These
stereoisomers are those required to maintain an equatorial ethyl group on the central six-
membered diamine chelate ring, whose conformation is A twist-boat for the A(R) isomer
and & twist-boat for the A(S) isomer, where the R and S labels designate the absolute
configuration at the ethyl-substituted stereogenic center.

Structural variations modulated by ethyl substituent have been analyzed for [Ni(1,3-
pndta)]*[2], [Cr(1,3-pndta)] [4]and [Co(1,3-pndta)] [3] complexes.The last two complexes
have crystallized with different counter ions ([Cr(1,3-pndta)] with Na*, K* and Ca?* and
[Co(1,3-pndta)]” with Li*, K*and Ca®") forming polymeric structures, except in the case of

2ln collaboration with Dr. BeataWarzajtis and Prof. Urszula Rychlewska from the
Faculty of Chemistry, Adam Mickiewicz University, Umultowska 898, 61-614 Poznafi, Poland
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Li[Co(1,3-pndta)]-4H,O [3]. The substitution of one of the diastereotopic hydrogens in
M(111)-1,3-pdta complexes by an ethyl group and the variation of counter ion size affected
the conformational modes of bridging carboxylates and the degree of hydration of the
polymeric complexes.

o o o
-ooc/\)ru/\(\hLAcoo- OOC/\)N/OLEI{\’L/\COO

“00C COO" “00C COO”
1,3-pdta 1,3-pndta

Scheme 1. 1,3-Propanediamine-N,N,N’,N'-tetraacetate ion (1,3-pdta) and
1,3-pentanediamine-N,N,N"N “tetraacetate ion (1,3-pndta).
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Halkogensemikarbazoni (Shema 1) su Sifove baze dobijene reakcijom
kondenzacije aldehida ili ketona i halkogensemikarbazida. Sve tri vrste
halkogensemikarbazona su svestrani ligandi, budu¢i da su primeceni brojni nacini
koordinacije u kompleksima sa prelaznim metalima i pojedinim metalima glavnih grupa.
Ova klasa liganada se moze koordinovati monodentatno ili bidentatno preko razlicitih
donorskih atoma. Koordinacioni kapacitet halgogensemikarbazona se moze poveéati
ukoliko se u rekcijama sinteze koriste aldehidi ili ketoni koji sadrze dodatne funkcionalne
grupe u polozajima pogodnim za helaciju. Do sada je sintetisano na hiljade
(tio)semikarbazona i njihovih kompleksa, od cega je nekoliko stotina okarakterisano
primenom difrakcije X-zraka sa monokristala [1]. Medutim, broj sintetisanih
selenosemikarbazona i njihovih kompleksa je znatno manji u poredenju sa O i S analozima.
Moguc¢i razlog za navedeno predstavlja nestabilnost ove vrste jedinjenja, koja se ogleda u
precipitaciji elementalnog selena tokom reakcije sinteze kompleksa, modifikaciji polaznog
liganda uz izdvajanje vodonik-selenida ili oksidaciji koja je pracenja formiranjem
diselenidnih mostova [2-4]. Bioloski efekti (tio)semikarbazona i njihovih kompleksa
privlace paznju medicinskih hemicara tokom dugog niza godina, $to se moze pripisati
Sirokom farmakoloskom dejstvu koje ukljucuje antitumorsku, antimikrobnu, antimalarijsku
i antioksidativnu aktivnost [S5]. Medutim, rezultati nekoliko komparativnih ispitivanja su
ukazali na to da je izosterna zamena ostalih halkogena atomom selena rezultovala
dobijanjem znatno aktivnijih jedinjenja [6, 7].

halkogensemikarbazidni deo

aldehidni/keto deo i1 X Y
R ---- N 2 3 R3§ X = 0O, semikarbazoni
! Y \N N/ X = 8§, tiosemikarbazoni
H [ X = Se, selenosemikarbazoni
5

Shema 1. Opsta struktura halkogensemikarbazona. R, R*, R? i R® = alkil ili aril grupe. Kod
halkogensemikarbazona izvedenih iz aldehida R = H, dok je kod N(3) nesupstituisanih
halkogensemikarbazona R* = R®=H.

U radu ¢e biti prezentovani i diskutovani rezultati proistekli iz sistemati¢nog

prouCavanja sinteze, strukture i bioloske aktivnosti selenosemikarbazona i njihovih
kompleksa, uz poseban osvrt na njihove strukturne karakteristike, utvrdene difrakcijom X-
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zraka sa monokristala. Takode ¢e biti prodiskutovane strukture odgovaraju¢ih kiseoniénih i
sumpornih analoga i njihovih kompleksa.
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Chalcogensemicarbazones (Scheme 1) are Schiff bases obtained by the
condensation of an aldehyde, or a ketone with a chalcogensemicarbazide. All three types of
chalcogensemicarbazones are versatile ligands as they exhibit various binding modes with
transition and some main group metals. They can act as mono or bidentate ligands binding
to metal ions via different donor atoms. The coordination capacity of
chalcogensemicarbazones can be further increased, if aldehydes or ketones, which contain
additional functional group(s) in position(s) suitable for chelation, are used for their
preparation. Until now, thousands of semicarbazones and thiosemicarbazones, as well as
their metal complexes were synthesized and hundreds of crystal structures of those
compounds were published [1]. However, total number of selenosemicarbazones and their
metal complexes is much smaller in comparison to the corresponding O and S analogues,
possibly due to instability of this type of compounds which is reflected in the precipitation
of elemental selenium during the complexation, modification of ligands with the evolution
of hydrogen selenide or oxidation with the formation of diselenide bridges [2-4]. Biological
effects of (thio)semicarbazones and their complexes have received considerable interest
from medicinal chemists for many years. This is attributed to their wide pharmacological
utility that includes antitumor, antimicrobial, antimalarial and antioxidant activity [5].
However, results of few comparative studies pointed out that isosteric replacement of other
chalcogen atoms with selenium resulted in much more active compounds [6, 7].

.':,' X ‘a‘..-
moiety il % )
BN z)]\ 3 ng X = O, semicarbazones
’ % \N N/ X =§, thiosemicarbazones
" H | X = Se, selenosemicarbazones

Scheme 1. General structure of chalcogensemicarbazones. R, R*, R? and R® = alkyl or aryl
groups. In chalcogensemicarbazones derived from aldehydes R = H, while in N(3) non-
substituted chalcogensemicarbazones R?= R®=H.

The results derived from systematic study of synthesis, structure and biological

activity of selenosemicarbazones and their complexes will be presented and discussed,
emphasizing structural features of this class of ligands and complexes obtained by a single
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crystal X-ray analysis. Trends in bonding and structures of corresponding oxygen and
sulfur ligands and their complexes will be also presented.
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Monokristali silikata retkih zemalja (REE = Sm, Eu, Gd, Er, Yb) apatitskog tipa
strukture [1] sintetisani su metodom KF fluksa postepenim hladenjem iz rastopa u intervalu
od 1200 do 600 °C. Iz podataka dobijenih metodom rendgenske difrakcije na monokristalu,
sve strukture uspes$no su uta¢njene u prostornoj grupi P6s/m do vrednosti R; faktora manjih
od 3%. Opsta formula ispitivanih monokristala je REE,;O[SiO4]; gde katjoni REE
zauzimaju dva poloZaja. Jedan polozaj (6h) je potpuno zauzet, dok drugi polozaj (4f) ima
16,7 % vakancija da bi se odrzala elektroneutralnost strukture (S1. 1). Tetraedri SiO4 su
izolovane Q° jedinice. Od &etiri jedinstvena atoma kiseonika u asimetri¢noj jedinici, tri
atoma koordinisu silicijum, dok je Cetvrti atom smesten u srediStu ditrigonalnog kanala.

Pregledom literature utvrdeno je da su u toku ovog istrazivanja prvi put uspe$no
utaénjene kristalne strukture Er i Yb-analoga iz podataka dobijenih na monokristalu.
Kristalne strukture Sm-, Eu-, i Gd-analoga su ranije objavljene [2, 3, 4], ali su u toku ovog
rada postignuti bolji faktori pouzdanosti utaénjavanja apatitske faze sa Gd.

Slika 1. Polozaji REE predstavljeni su ve¢im
sivim sferama, potpuno zauzet polozaj tamno
obojenim, a delimi¢no zauzet polozaj svetlo
obojenim. Atomi kiseonika prikazani su malim
sivim sferama.

Autori se zahvaljuju CEEPUS mrezi (CIII-R0-0038-10-1415) i Ministarstvu prosvete,
nauke i tehnoloskog razvoja Vlade Republike Srbije 11145007, 11145015 i OI172035 za
finansijsku podrsku.

[1] J. Felsche, J. Solid State Chem. 5 (1972) 266-275

[2] I. Hartenbach, Th. Schleid, Z. Kristallogr. 220 (2005) 206-210

[3] I. Hartenbach, Th. Schleid, Z. Kristallogr. Suppl. 24 (2006) 169

[4] Yu.l.Smolin, Yu.F.Shepelev, Inorg. Mater. (USSR) 5 (1969) 1823-1825
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Single crystals of the rare earth element silicates (REE = Sm, Eu, Gd, Er, Yb) with
apatite-type structure [1] were synthesized using KF flux by slow cooling of the melt from
1200 to 600 °C. All the structures were successfully refined against single crystal X-ray
diffraction data in space group P6s/m to R; values lower than 3 %. The general chemical
formula is REE, 65,0[SiO4]5 where the REE-ions occupy two positions. One position (6h) is
fully occupied while the other (4f) contains 16.7 % vacancies in order to preserve charge
balance in the structure (Fig. 1). The tetrahedra (SiO,) are isolated Q° units. Three of the
four crystallographically independent oxygen atoms in the asymmetric unit coordinate
silicon, whereas the fourth oxygen is situated in the center of the ditrigonal channels.

To the best of our knowledge, this is the first successful refinement of the crystal
structure against single crystal X-ray diffraction data for the Er- and Yb-analogues. The
crystal structures of Sm-, Eu-, and Gd-analogues have been already published [2, 3, 4], but
far better refinements were achieved in this study for the Gd-containing apatite phase.

Figure 1. Larger darker gray spheres represent fully
occupied, while lighter gray spheres represent
partially occupied REE sites. Oxygen atoms are
shown as smaller gray spheres.

This work was supported by the CEEPUS network (CI11-R0-0038-10-1415) and the
Serbian Ministry of Education, Science and Technological Development under contracts
Nos. 11145007, 11145015, and O1172035.
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Interakcije izmedu aromati¢nih molekula su od velike vaZznosti u procesima
hemijskog i bioloskog prepoznavanja, kristal-inzenjeringu i supramolekulskoj hemiji [1].
Model-sistem za proucavanje aromati¢nih interakcija jeste dimer benzena, za koji su
karakteristicne dve gotovo izoenergetske geometrije, od kojih je jedna sa paralelnom
(steking) interakcijom [2], a druga sa aromati¢cnom C-H/xt interakcijom [1].

U ovoj studiji proucavani su trimeri benzena u kristalnim strukturama iz
Kembri¢ke baze strukturnih podataka. Trimerom benzena smatran je svaki klaster koji se
sastoji od tri molekula benzena u kome su bar dva rastojanja izmedu centara benzena kracéa
od 6,0 A. Na osnovu geometrijskih parametara izdvojenih kontakata, pronadeno je 15
tipova trimera benzena. Tri najzastupljenija trimera sadrze po dva benzen-benzen kontakta
sa aromati¢nim C-H/x interakcijama, dok su udaljeni molekuli paralelni.

Optimizacijom trimera pronadenih u kristalnim strukturama pomo¢u DFT-D2
metoda utvrdeno je da su najzastupljeniji trimeri lokalni minimumi energije, sa energijama
od -6,0 kcal/mol. Globalni minimum ima energiju od -9,0 kcal/mol i u njemu svi molekuli
medusobno grade aromati¢ne C-H/z interakcije, sa krajnjom strukturom nalik na trougao.
Medutim, trimeri nize energije su zastupljeniji u kristalnim strukturama zbog svojih
geometrija, koje omogucavaju dalje agregiranje na isti nacin, §to dovodi do stvaranja vecih
i stabilnijih supramolekulskih struktura.

[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed. 50 (2011) 4808-
4842.

[2] D. B. Ninkovié, G. V. Janji¢, D. Z. Veljkovi¢, D. N. Sredojevi¢, S. D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.
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Interactions between aromatic molecules are of great importance in chemical and
biological recognition processes, crystal engineering and supramolecular chemistry [1].
Model system for studying aromatic interactions is benzene dimer, characteristic for its two
nearly isoenergetic geometries, one with parallel (stacking) interaction [2], and the other
with aromatic C-H/x interaction [1].

In this work, benzene trimers in crystal structures from the Cambridge Structural
Database were studied. Every cluster composed of three benzene molecules in which at
least two distances between benzene centers are less than 6.0 A was considered benzene
trimer. Based on geometrical parameters of these trimers, a total of 15 types of benzene
trimers were identified. The three most frequent trimers contain two benzene-benzene
contacts with aromatic C-H/x interactions, with distant molecules being mutually parallel.

By optimizing benzene trimers found in crystal structures with DFT-D2 methods,
it was determined that the most frequent trimers are local minima of energy, with energies
of -6.0 kcal/mol. Global minimum has the energy of -9.0 kcal/mol, with all molecules
forming aromatic C-H/rn interactions, the final structure being of triangular shape. However,
the trimers of lower energy are more frequent in crystal structures due to their geometries,
which enable further aggregation in a similar fashion, leading to the formation of larger and
more stable supramolecular structures.

[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed. 50 (2011) 4808-
4842.

[2] D. B. Ninkovi¢, G. V. Janji¢, D. Z. Veljkovi¢, D. N. Sredojevi¢, S. D. Zarié,
ChemPhysChem, 12 (2011) 3511-3514.
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U proteklih nekoliko godina intenzivno se ispituje ideja o heterometalnim
koordinacionim jedinjenjima, zbog mogucnosti da se uvodenjem razli¢itih prelaznih metala
poboljsaju kataliticka, magnetna, fotoluminiscentna i druga svojstva materijala [1]. Kao
doprinos tome, predstavljamo sintezu i kristalnu strukturu heteronuklearnog kompleksa sa
jonima Cu®* i Mn?*, anjonom 1,4-benzendikarboksilne kiseline (tereftalne kiseline, H.tpht) i
2,2’-dipiridilaminom (dipya) kao terminalnim ligandom.

Polimerni kompleks [Cu,Mn(dipya),(tpht)s], dobijen je hidrotermalnom metodom u
¢elicnom autoklavu sa teflonskom oblogom (zagrevanje na 160 °C tokom 4 dana i hladenje do
sobne temperature tokom 8 h). Multidentatni nacini koordinacije tpht liganada, prikazani na
shemi, veoma su slozeni: tphtl je koordiniran kao bis-helat i bis-monomost, dok je tpht2
kombinovani, bidentatni i monomostovni ligand, a oba liganda zajedno uéestvuju u formiranju
polimernih slojeva paralelnih sa bc-ravni. Geometrija oko oba atoma, i Mn?*" i Cu?", moze se
opisati kao oktaedarska, s tim da je oktaedar oko Cu®*" znagajno deformisan. Slojevi su
stabilizovani nekovalentnim C—H--m interakcijama (H:--Cg rastojanje iznosi 2,834 A) izmedu
H-atoma sa prstena jednog dipya liganada i susednog aromati¢nog prstena u sloju.
Intermolekulskim vodoni¢nim vezama, uspostavljenim izmedu aminskog H-atoma i
nekoordiniranog O-atoma koji pripada tpht2, slojevi su povezani u 3D strukturu.

Osnovni kristalografski podaci kompleksa jesu: Cys4H30Cu,MnNgO1,, M, = 1016,78,
rombiéni sistem, prostorna grupa Pbca, a=10,901(2), b=16,032(3), c=23,843(5) A,
V=4167(1) A%, zZ=4, F(00)=2060, p=1621gcm?®  u(MoKa)=1,384mm".
Utagnjavanje sa F? (303 parametra) dalo je R, =0,0305, wR,=0,0702, S=1,048 za sve
podatke, i Ry = 0,0269 za 3729 refleksija sa | > 2o(1).

Slika. Projekcija polimernog sloja na bc-ravan

[1] O. Kozachuk, K. Khaletskaya, M. Halbherr, A. Bétard, M. Meilikhov, R. W. Seidel, B. Jee,
A. Poppl, R. A. Fisher, Eur. J. Inorg. Chem. (2012) 1688-1695
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In the past several years, the concept of heterometallic coordination compounds has
been increasingly investigated due to opportunity to incorporate different transition metal
centers in supramolecular materials to enhance their catalytic, magnetic, photoluminescent and
other properties [1]. In this contribution, we present the synthesis and crystal structure of a
heteronuclear complex containing Cu** and Mn?" ions with anion of 1,4-benzenedicarboxylic
acid (terephthalic acid, H,tpht) and terminal 2,2’-dipyridylamine (dipya) ligand.

The polymeric [Cu,Mn(dipya),(tpht)s], complex has been prepared by the
hydrothermal method in a Teflon-lined steel autoclave (at 160 °C for 4 days and cooled to
room temperature for 8 h). The multidentate coordination modes of tphts, presented in Scheme,
are very complex: tphtl is coordinated as bis-chelate and bis-monobridge, while tpht2 is
combined, bidentate and monobridge ligand, making together polymeric layers parallel to the
bc-plane. The geometry around both Mn?* and Cu®* can be described as octahedral, wherein
the Cu®" octahedron is highly deformed. The layers are stacked by non-covalent C—H-x
interactions (H---Cg distance is 2.834 A) formed between H atom from one pyridyl ring of
dipya and adjacent ring in the layer. By intermolecular hydrogen bonds between amine H atom
from dipya and non-coordinated O atom from tpht2, the layers are connected into the 3D
structure.

The main crystallographic data for the titled complex are: C;4H3Cu,MnNgO1,,
M, = 1016.78, orthorhombic, space group Pbca, a = 10.901(2), b = 16.032(3), ¢ = 23.843(5) A,
V =4167(1) A>, Z=4, F(000)=2060, p=1.621gcm> u(MoKa)=1.384mm™. The
refinement on F?2 (303 parameters) yielded R; = 0.0305, wR, = 0.0702, S = 1.048 for all data,
and R; = 0.0269 for 3729 observed reflections with | > 2o(1).

Mn. /Mn Mn< /Mn
/O\ /O\ O\C C/O\C
Cu_ C C_Cu o ~o U
@) o) Cu™
tphtl tpht2

Scheme. The coordination modes of tpht anions in [Cu,Mn(dipya),(tpht)s],

[1] O. Kozachuk, K. Khaletskaya, M. Halbherr, A. Bétard, M. Meilikhov, R. W. Seidel, B. Jee,
A. Poppl, R. A. Fisher, Eur. J. Inorg. Chem. (2012) 1688-1695.
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Punjive litij-ionske baterije (LIB) imaju sirok raspon primjene u razlicitim podru¢jima
razli¢itih tehnologija, pocevsi s telekomunikacijskim sve do medicine i aeronautike. LIB danas
se koriste u prijenosnim racunalima, tabletima, e-knjigama, pametnim telefonima i digitalnim
kamerama, no LIB takoder imaju veliki potencijal za primjenu u elektricnim vozilima,
hibridnim vozilima, kao i u uredajima za pohranu energije i napajanje [1]. Performanse LIB
ponajvise ovise o kemijskim sastavu te strukturnim i mikrostrukturnim karakteristikama anode
i katode.

CoMn,0O,4 nanomaterijal prireden je niskotemperaturnom metodom, talozenjem iz metalnih
acetata i NaOH. Strukturne promjene, inducirane razli¢itim temperaturama Zarenja, opsezno su
analizirane pomoc¢u difrakcije u polikristalnom uzorku (XRPD) i Ramanovom
spektroskopijom. S porastom temperature zarenja kristalna resetka CoMn,O, znacajno se
mijenja; AO, tetraedri se povecéavaju zbog toplinski inducirane zamjene manjih Co** kationa s
veéim Mn** na A-mjestu spinelne strukture, dok se BOg oktaedri smanjuju uslijed ugradnje
manjih CO®* metalnih kationa na ragun iseljenih Mn kationa. Velicine cestica CoMn,0O,
jednostavno se mogu dizajnirati primjenom razli¢itin temperature termi¢kog tretmana; velicina
Cestica povecava s povecanjem temperature.

- Provedena elektorkemijska
?1400 mjerenja  pokazala su, protivno
Emo; uvrijezenoj pretpostavci kako nano-
>1000f strukturiranje  anodnog  materijala

poboljsava ucinkovitost baterije, da
uzorci s najve¢im velicinama cestica
- imaju  izvrsne performanse uz
e e zadrzavanje kapaciteta 104 % nakon

O 1
0 100 200 300 400 500 600 700 800 900 1000 7100 ciklusa (u odnosu na 2. ciklusu)
Cycle number ' '

Specific Capacity /

[1] A. R. Armstrong, C. Lyness, P. M. Panchmatia, M. S. Islam, P. G. Bruce, Nature
Mater. 10 (2011) 223.
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Rechargeable lithium-ion batteries (LIBs) have wide scope of application in a various
fields of different technologies, starting with telecommunication and entertainment industry all
the way to the medicine, aeronautics. LIBs are nowadays used in notebook computers, tablets,
E-books, smart phones and digital cameras, pacemakers but LiBs also possess a great potential
for utilization in high power applications such as light electric vehicles, electric vehicles and
hybrids as well as energy power storage.™ The performance of LIBs is greatly determined by
the chemical composition, structural characteristics and microstructural features of both anode
and cathode materials CoMn,0, nanomaterials are prepared by low temperature precipitation
route employing metal acetates and NaOH. Structural changes, induced by different annealing
temperatures, are comprehensively analyzed by X-ray powder diffraction and Raman
spectroscopy.

With rising annealing temperature the crystal lattice of CoMn,O, undergoes changes;
AQ, tetrahedra expand due to thermally induced substitution of Co®* by larger Mn®** metal ions
on the A-site of spinel structure, while in contrast, BOg octahedra decrease since the B-site
becomes partially occupied by smaller Co®" metal ions on account of the migrated Mn ions.
CoMn,Q, particle sizes are easily fine-tuned by applying different annealing temperatures; the
particle size increases with increasing annealing temperature. During the battery operation,
pulverization and the reduction of particle sizes occurs regardless of the starting size of the
particle, but the degree of division of the particles during the operation is dependent on the
starting particle properties.

- Thus, contrary to the common

?1400 assumption that nano-structuring
{ B . -

£ 1200 | of anode material improves the
1000 battery performance, the samples
'S 800 with the largest particle size
§ igg exhibit  excellent performance
8 200 I etvins : with capacity retention of 104%
S e e after 1000 cycles (compared to the
2 0 100 200 300 400 500 600 700 800 900 1000 Png cycle).

Cycle number

[1] A. R. Armstrong, C. Lyness, P. M. Panchmatia, M. S. Islam, P. G. Bruce, Nature Mater. 10
(2011) 223.
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Cink-oksid je poznati fotokatalizator koji se uglavnom koristi za razgradnju organskih
zagadujuéih suspstanci u vodi uz pomo¢ vestacke ili sunéeve svetlosti. Zbog svoje dobre
fotoaktivnosti, bioloske i hemijske stabilnosti, Siroke zabranjenje zone i ekonomi¢nosti ZnO
spada u jedan od najce$ce koris¢enih materijala [1]. Njegova fotokataliti¢ka svojstva zavise od
specifiéne povrsine, dostupnosti aktivnih mesta, veli¢ine pora, broja i prirode blokiranih mesta,
kao i od Kkarakteristika procesa adsorpcije/desorpcije. S druge strane, modifikovanje
poluprovodnog fotokatalizatora plemenitim metalima moZe povedati fotokataliticku aktivnost.

Zn(CH3C00),-2H,0 sa razli¢itim sadrzajem AgNO; (0; 0,75; 1,5; 3 i 6 mol. %) tretiran
je solvotermalnim postupkom u prisustvu povrsinski aktivne materije polivinil pirolidona.
Dobijeni uzorci ispirani su destilovanom vodom, centrifugirani i suSeni na 105 °C tokom 3 h.
Uzorci su okarakterisani rendgenskom difrakcijom, ,field emission skenirajuéom
elektronskom mikroskopijom (FESEM) i transmisionom elektronskom mikroskopijom (TEM).
Fotokataliticka aktivnost dobijenih nanokristalnih prahova ispitana je na tekstilnoj azo-boji
Reactive Orange 16 (RO16) i uporedena je sa kupovnim ZnO (srednja veli¢ina ¢estica: 20 nm).

Rezultati su pokazali da se uzorci modifikovani sa Ag sastoje od ZnO nanokristala sa
heksagonalnom vircitnom strukturom i metalnog Ag sa pljosno centriranom teseralnom
strukturom. Nije uoceno znacajnije pomeranje difrakcionih pikova ZnO, a samim tim ni
promena parametara jedini¢ne Celije, $to znaci da nije nastao ¢vrsti rastvor Zn; ,Ag,O;. Srednja
veli¢ina kristalita kod svih uzoraka bila je oko 20 nm, $to je odredeno renedgenskom
difrakcijom na nanokristalnim uzorcima pomoc¢u Vilijamson-Holove metode i potvrdeno
TEM-om. FESEM je ukazao na uniformnost veli¢ine i na priblizno sferni oblik nanocestica.
Nanozrna Ag nalaze se na povrs$ini nanocestica ZnO.

Svi sintetisani uzorci imaju vecu adsorpcionu moc¢ i fotokataliticku aktivnost u odnosu
na kupovni ZnO. Takode, prahovi ZnO modifikovani sa Ag efikasniji su nego nemodifikovan
ZnO. Uzorci sa 1,51 0,75 mol. % Ag pokazuju najbolju fotokatalitiCku aktivnost, a razlog je
fina raspodela nanozrna Ag na nano¢esticama ZnQO, §to se moze uociti na FESEM-u za ova dva
uzorka.

[1] B. Simovi¢, A. Golubovi¢, 1. Veljkovié, D. Poleti, J. Zdravkovié, D. Mijin, A. Bjelajac, J.
Serb. Chem. Soc. 79 (2014) 1433-1443.
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8Institute for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1, 11030
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Zinc oxide is a well-known photocatalyst mainly used to degrade organic water
pollutants using artificial or sunlight. It is one of the most widely used material because of its
good photoactivity, biological and chemical stability, wide band gap and low cost [1]. Its
photocatalytical properties depend on surface area, availability of active sites, pore sizes,
number and nature of trapped sites, as well as on adsorption/desorption characteristics. On the
other hand, the modification of semiconductor photocatalysts by noble metals can enhance
their photocatalytic activity.

The Zn(CH5COO0),-2H,0 with different AgNO; content (0, 0.75, 1.5, 3 and 6 mole%)
was solvothermally treated in the presence of poly(vinyl pyrrolidone) as surfactant. The
obtained samples were rinsed out with distilled water, centrifuged and dried at 105 °C for 3h.
The specimens were characterized by XRD, FESEM and TEM techniques. The photocatalytic
activity of the nanocrystalline powders was tested on the Reactive Orange 16 (RO16) textile
azo dye and compared to the commercial ZnO (the average particle size: 20 nm).

The results showed that Ag modified samples consist of ZnO nanocrystals with
hexagonal wurtzite structure and metallic Ag with face-centered-cubic structure. There is no
remarkable shift of diffraction peaks of the ZnO, meaning that Zn,.,Ag,O; solid solution is not
formed and hence the change of unit cell parameters of ZnO nanocrystals is negligible. The
average crystallite size of all samples was about 20 nm, as determined by XRD analysis from
Williamson-Hall plots, and confirmed by TEM. The FESEM revealed the uniformity in size
and approximately spherical shape of the nanoparticles. Ag nanograins were located on the
surface of ZnO nanoparticles.

It was shown that all synthesized samples have a higher adsorption power and
photocatalytic activity than the commercial ZnO. Also, Ag modified ZnO powders are more
efficient than the unmodified one. The samples containing 1.5 and 0.75 mole% of Ag
respectively, demonstrate the best photocatalytic activity. According to FESEM, this is due to
the well distributed Ag nanograins over ZnO nanoparticles in the case of these two samples.

[1] B. Simovi¢, A. Golubovi¢, 1. Veljkovié, D. Poleti, J. Zdravkovié, D. Mijin, A. Bjelajac, J.
Serb. Chem. Soc. 79 (2014) 1433-1443.
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OKco-conmi apceHa W KHCEOHHKa JeJie Ce Ha apceHare, TJe je apceH TETOBAaJCHTaH |
apcenute, e je apceH TpoBaneHTaH. Koa apcenara, AS(V) je OKpyKeH ca 4eTHpH aToMa
Kkuceonnka u popmupa AsO,> Terpaenpe. Kox apcennta, 360r NS® KoH(HrypaLuje apceHa,
As(I11) popmupa terpaenapeke y-AsOz> rpyne. Koopauanuuonn nomenap oxo As(lIl) je
TPUrOHAJHA OHPaMHIa ca aTOMOM apCeHa Ha BpXy, M Ca aTOMHMa KHCEOHHKa y 0a3u
nupamuze (cpeama pacrojama As-O cy 1,785 A). Ilpeko 3ajennuuxux atomMa KMCEOHHKaA
nupamuge ASOz Mory OWTH Be3aHe y pasinyudTe TpyIie, JaHie, MPCTCHOBE WM MOJEKye, a
MOTY OCTaTH M H30JI0BaHE.

M1-M2—(H)-apcerntn (M1 = Li*, Na', K*, Rb*, Cs*, Ca?*, Sr**, Ba®*, Cd**, Pb*"; M2 =
Mg®, Mn?"3* Fe?"¥ Co*, Ni*, Cu®*, Zn*") no cana
mopsin/ . f vaf s/ v 6poje camo jemHy cyncranny PbsMn(AsOs),(AsO,0H)
[1].

KpucranHa cTpykTypa XUIAPOTEpPMAaTHO CHHTETHCAHOT
Na,Cd;(AsOz)s (uenuunu ayTokaaB ca Te(IOHCKUM
CyJIOM, AyTOT€HH MPUTHCAK, Tmax = 493 K, 7 nana)
pelieHa je METOJOM peHAreHcke audpakiuje Ha
moHokpuctany (293 K, MoKa penarescko 3paueme,
20max = 80 °). Na,Cd;(AsOz)s kpucTanuiie poMooeaapeKu
U TIPECTaB/ba HOBH THIT CTPYKType (IPOCTOpHA rpyra
R3, a = 9,5229(13),
saf & S d msp s /o | ¢ = 19,258(4) A, y = 120°, V = 1512,5(5) A%, 2 = 3). V
kpuctanoj crpykrypu NayCd,(AsOs)s, aTtomm apceHa
rpaje H30JI0BaHE AsOz-nupamuze. Ira
KpUCTajorpa)CK  HE3aBHUCHA, MEIIOBUTA IIOJIOXKaja
Cd/Na, mokasyjy TeTpaegapcky ©  OKTaeIapcKy
koopauHanujy. HMako cy mnupamupe AsOs, mnoauenpu
(Cd,Na)Oy wu aumrumpusme NaOg moBe3aHH y TPOANMEH3MOHAIHY MPEXKY, CTPYKTypa
Na,Cd;(AsO3)s MOKE J1a Ce OMMILIE U KaO MCEYA0-CII0jeBHUTa. Y CJI0jeBMMA, KOjH CEKY OCYy C Ha
z =0, 1/3, 2/3, atoMn HaTpHjymMa CMEIITEHH CYy Y XEKCATOHAJIHHM KaHajauMa (pOpMHUPAHAM
Hau3MEHWYHUM Be3uBameM Terpaemapa (Cd,Na), u mupammma AsO; (ci. 1). Ou mceymo-
ciojeBu MelyycoGHo cy nosesann okraegapuma (Cd,Na)Og (ci. 2).

Cauka. 2. CTpykrypa
nocMaTpaHa Jayx npaBua
[1100].

Aymop ce 3axeamyje Aycmpujckom ¢pondy 3a nayxy (npojexam V203-N19).

[1] F. Pertlik, Tschermaks Min. Petr. Mitt. 25 (1978) 95-105.
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The oxo-compounds of arsenic can be divided into two classes according to their different
oxidation states 111 and V. While most of the pentavalent compounds show AsO,>tetrahedral
units, the trivalent ones usually contain y-tetrahedral AsOs;> groups because of the ns*
configuration of arsenic. In arsenites, the coordination polyhedron around arsenic can be
described as a trigonal pyramid with the arsenic atoms at the apex and three oxygen atoms
forming the base (average As—-O distance is 1.785 A). The AsOs-pyramids show further
tendency to link via oxygen atoms resulting in diverse groups, chains, rings, layers or
molecules, but also can occur isolated, only linked over the cation polyhedra.

The M1-M2—(H)-arsenites (M1 = Li*, Na', K*, Rb*, Cs', Ca?*, Sr**, Ba*, Cd*, Pb*;
M2 = Mg®, Mn?*3* Fe?"3* Co*, Ni**, Cu?*, Zn®") are practically unknown including only
one compound, PbsMn(AsOs),(AsO,0H) [1].

The crystal structure of hydrothermally synthesized Na,Cd;(AsOs)s (Teflon-lined steel
autoclaves, autogeneous pressure, Tnax = 493 K, 7 days) was solved from the single-crystal X-
ray diffraction data (293 K, MoKa-radiation
wavelength, 2 6. = 80 °). Its trigonal crystal

structure  (space group R3, a = 9.5229(13),
c = 19.258(4) A, y = 120°, V = 1512.5(5) A®
Z = 3) represents a new structure type. The

As-atoms are arranged in the monomeric (AsOs)* units.

The surroundings of the two crystallographically unique

sodium atoms show trigonal antiprismatic coordination,

and two mixed Cd/Na sites are remarkably unequal

showing tetrahedral and octahedral coordinations.

Despite the three-dimensional connection of the AsO;
pyramids, (Cd,Na)O, polyhedra and NaOg antiprisms, a
layer-like arrangement of the Na atoms positioned in the
hexagonal channels formed by CdO, deformed tetrahedra and AsO3 pyramids (Fig. 1) inz =0,
1/3, 2/3 (Fig. 2) is to be mentioned. These pseudo-layers are interconnected to the 3D-network
by (Cd,Na)Og octahedra (Fig. 2).

Figure 1. Pseudo-layers viewed
along the c-axis.

The financial support by the Austrian Science Foundation (FWF) (Grant V203-N19) is
gratefully acknowledged.

[1] F. Pertlik, Tschermaks Min. Petr. Mitt. 25 (1978) 95-105.
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EJIEKTPOCTATUYKHU IOTEHIIUJAJINA U KPUCTAJIHE
CTPYKTYPE: CJIYYAJ CH/O UHTEPAKIINJA UBMEBY
KOOPAUHOBAHOI' MOJIEKYJIA BOAE U APOMATHYHUX CH
JOHOPA

I. K. Besbkosuh®, B. B. Menakosuh®, C. JI. 3apuh™®

?Xemujcxu gaxyimem, Yuusepsumem y beoepady, Cmyoenmcku mpe 12-16, beoepad, Cpouja,
“Department of Chemistry, Texas A & M University at Qatar P.O. Box 23874 Doha, Qatar.
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CH/O wuHTepakuuje cy O BEJIHMKOT 3Hadaja Yy MHOTUM XEMHjCKUM M OHOXEMH]jCKUM
cucTeMHUMa, NOoceOHO y OHOMOJIeKyJIMMa, y CTaOWIN30Bamy CTPYKTypa IpOTeHHA H
uHTepakimjama ca muradguMa [1,2]. OBe uHTepakimje Wrpajy M 3HA4YajHy YJIOTYy Vy
KPHUCTAJJHOM HWHXXCHEPUHTY U Mpeno3HaBamy y cuctemuma nomahus-roct. I[IpoydaBame
reomerpuje CH/O wunrtepaknmja wusmely apomatmynux CH 1moHOpa W pasinuyuTux
KUCCOHUYHHUX aKIenTopa mokaszano je maa reomerpuja CH/O uHTEpakimja 3aBUCH OJ BPCTE
aToMa WITH TPpyIe y 0-M0JI0Kajy y ogHocy Ha uHteparyjyhy CH rpyny [3,4].

Y oBom pany npoydaBane cy CH/O unTepakuuje mmelhy apomarnaanx CH monopa u
KOOPJIMHOBAHOI MOJIeKyJ1a Boje KopumhemeM ab initio mpopadyHa W aHaIM30M MoJaTaka 3
KembOpuuke Oanke kpucranorpadckux nogaraka. [IperpakeHe cy KpUCTallHE CTPYKTYpe Koje
canpxe Cq-H apomaTnuHy rpymy ¥ KHCEOHHKOB aTOM M3 KOOPIMHOBAHOT MoJeKyna Boxe. [a
6u ce mpouenmie enepruje CH/O unTEpakimja, mpuMemenu cy ab initio npopauyHu Bucokor
HHMBOA Ha MOjieNl cucTeMumMa. Takohje cy M3pauyHaTe U aHAIM3UPAHE Male eleKTPOCTATHUKOT
MOTEHIH]jajia 32 MOJIEINl CUCTEME.

Amnanu3a CH/O uHTepakiyja y KpUCTAIHUM CTpyKTypama ykasyje na C-H goHopu He
MOKa3yjy jacHy TeXmy Ka rpaljery JMHeapHHX KOHTAaKaTta M Jia Ta TEeXHba 3aBHUCH O] THIA
aToMa WM TPyIe y o-Toyokajy y oaHocy Ha muTeparyjyhy CH rpymy. Pesynratu ab initio
npopayyHa Kao M pe3yiATaTH aHallk3e eNeKTPOCTATHYKHX MNOTEHUHWjala MOoKa3yjy na cy
eHepruje MHTepakuyje u3Mehy KOOpaMHOBaHOT MoJieKyna Boae M apomatmyHux CH noHopa
jade y ogHocy Ha eHepruje CH/O mHTepakumuja ca HEKOOPIMHOBAHUM MOJICKYJIOM BOJE U Ja
OHE 3aBHCE OJ1 BPCTE JIMI'aH/A KOjU Ce HaNa3M y TPAHC- MOJIOXKajy Y OAHOCY Ha MHTeparyjyhu
MOJIEKYJI BOJIE.

OBH pe3yiTaTH MOTY OMTH OJ] BEJMKOI 3Hayaja 3a IMpoydaBambe OMOMOJICKYJa KOjU
calip)Ke apoOMaTHYHE rpyIe U MeTaJIHE jOHe.

[1] R. K. Castellano, Curr. Org. Chem. 8 (2004) 845-865

[2] D. Z. Veljkovi¢, V. B. Medakovi¢, J. M. Andri¢, S. D. Zari¢, CrystEngComm 16 (2014)
10089-10096

[3] D. Z. Veljkovié, G. V. Janji¢, S. D. Zari¢, CrystEngComm. 13 (2011) 5005-5010

[4]J. Lj. Dragelj, G. V. Janji¢, D. Z. Veljkovi¢, S. D. Zarié, CrystEngComm. 15 (2013)
10481-10489
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CH/O interactions are very important in many chemical and biochemical systems,
especially in biomolecules, in stabilizing structures of proteins and in interactions with the
ligands [1,2]. These interactions also play important role in crystal engineering and in
recognition of host-guest systems. Study of the CH/O interactions between aromatic CH
groups and various oxygen acceptors showed that the geometry of CH/O interactions depend
on the type of the atom or group in o-position to the interacting CH group [3,4].

In this paper, CH/O interactions between aromatic CH donor and coordinating water
molecule were studied by ab initio calculations and by analyzing data in the Cambridge
Structural Database (CSD). Crystal structures involving Ce-H aromatic groups and oxygen
atoms from coordinating water molecule were screened for intermolecular contacts. To
estimate the interaction energies of CH/O interactions, high level ab initio calculations were
performed. Electrostatic potential maps for model systems were also calculated and analyzed.

The analysis of the CH/O interactions in crystal structures indicate that aromatic CH
donors do not show strong preference for linear contacts and that the preference depend on the
type of the atom or group in o-position to the interacting C-H group. Results of ab initio
calculations and results of analysis of electrostatic potentials showed that interaction energies
between coordinating water molecule and aromatic C-H donors are stronger than interaction
energies of CH/O interactions with non-coordinating water molecule and that they depend on
ligand in trans- position to the interacting water molecule.

These results can be very important for biomolecules containing aromatic

groups and metal ions.

[1] R. K. Castellano, Curr. Org. Chem. 8 (2004) 845-865

[2] D. Z. Veljkovi¢, V. B. Medakovi¢, J. M. Andri¢, S. D. Zari¢, CrystEngComm 16 (2014)
10089-10096

[3] D. Z. Veljkovié, G. V. Janji¢, S. D. Zari¢, CrystEngComm. 13 (2011) 5005-5010

[4]J. Lj. Dragelj, G. V. Janji¢, D. Z. Veljkovié, S. D. Zarié, CrystEngComm. 15 (2013)
10481-10489
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e-mail: biljana.radisa@ff.bg.ac.rs

3aBucHOCT Op3MHE pacTa KpHUCTajga OJf pelJaTHBHOI Hpecuhema pacTBopa NpeAMET je
MHOTHX EKCHEPHMEHTAIHUX W TCOPUjCKHX HCTpakuBama. [IpeiiokeHn Cy MHOTH MOJENN
KOju OmuCyjy OBY 3aBHCHOCT [1l]. JenHaumHe KojuMa ce OMMCYje 3aBUCHOCT Op3HWHE pacTa

KpucTtana, R, on penmatuBHOr mpecuhema pacTBopa, o, MOTy OWTH ncKasaHe y cienchem

00HKYy: R=Co", tne C w n
MPE/ICTaBIbajy KOHCTAHTE KOj€ 3aBUCE O]
napameTapa pacTa.

Wb peann3oBaHUX eKCIepHMeHaTa
010 je mpoydaBame Kopenaidje usmely
O6psune pacra mwocHun {100} wmanmx
KpHcTana HATpHjyM-XJIopaTa "
pematuBHOT  Tpecuhema  pacTBopa.
Temmeparype 3acuhema pactBopa, Ts,
omre cy y omcery 295 — 315 °C,
Memane y kopammmma on 0,5 °C,
TeMmrepaTypa  pacTa  HM3HOCWIA  je
T = (28,0 £ 0,1) °C, a oarosapajyha
npecuhema BOJGHHX pacTBopa, o,
m3Hocmina cy: 0,66; 0,89; 1,11; 1,34 u
1,56 %, mo pemy. 3aBUCHOCT Op3mHE
pacra  mweocan {100}  kpucrana
HaTpUjyM-xjopata ox  mpecuhema
pacTBopa, MpHKa3aHa je Ha CIUIIH.

Brzina rasta {100} pljosni [nm/s]

504

304

204

104

08 12

Relativno presicenje [%]

16

Ha OCHOBY /‘{2 - T€CTa oupeljeHa je BaJbaHOCT OIIMCHBamkba OBC 3aBHCHOCTH jeZ[Ha‘lI/IHOM

R=Co", 3a n=11/2,5/6;2, mo peny, xao u jenHaumsoM R=A+Co", tne A u C

MpelICTaBbajy KOHCTAHTE KOje 3aBUCE O] mapaMerapa pacrta, a N =1. Bpeannoctu ;(2 cy 22;

43; 27; 22 u 13, no pexy. Pesynratu nokasyjy na jemsaunna R = A+Co" Hajbosme omucyje
MpoydaBaHy 3aBUCHOCT. Wmak, HHWjemaH MOJeNl pacTa KpUCTaia He Tpeasuha TOCTojame
onceyka Ha opauHaTd. JloOWjeHH pe3ynTatd MOry Ja yKaxy Ha moryhe mMexaHu3me pacra

KpucTasia y oapeheHoj obmactu npecuhema.

[1] K. Sangwal, Prog. Crystal Growth and Charact. 36 (3) (1998) 163-248.
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The dependence of the crystal growth rate on relative supersaturation of the solution has
been the object of experimental and theoretical studies for a long time. Some model equations,
which describe this dependence, were proposed, and according to different models, the growth
rate dependence, R, on relative solution supersaturation, o, are expressed by different

equations [1]. These equations can be expressed in the following form: R=Cco", where C
and n are constants depend on the growth model parameters.

The object of all experiments was to investigate the correlation between the {100} face
growth rates of small sodium chlorate crystals and the relative solution supersaturation. The
saturation temperature of solution, Ts, was in the range of 29.5 — 31.5 °C, changed in steps of
0.5 °C, the growth temperature was
T = (28.0 £ 0.1) °C, and the relative
supersaturation, o, were 0.66, 0.89,

1.11, 1.34, and 1.56 %, respectively. The 501 .
growth rate variation of the {100} . X
sodium  chlorate  faces  versus 404 |
supersaturation of the solution is shown 2
in Figure. £
The goodness of this dependence fit 2
with  equation R=Co", for = 20
n=11/2;5/6;2, respectively, as well as é
for equation R=A+Coc", where A © 104
and C are constants depend on the
growth model parameters and n=1, is 0

described by y - test. The values of y2 08 12 16
are 22; 43; 27; 22 and 13, respectively.

The results show that the best fit is
obtained using equation R= A+Cco". However, no model predicts the existence of the

intercept on the ordinate. According to obtained results it is possible to reveal the growth
mechanisms in a specific range of solution supersaturation.

Supersaturation [%]

[1] K. Sangwal, Prog. Crystal Growth and Charact. 36 (3) (1998) 163-248.

39



SINTEZA | KRISTALNA STRUKTURA
2-ACETILBUTIROLAKTONA SA METIL ESTROM L-TIROZINA
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dInstitut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu, Radoja
Domanoviéa 12, 34000 Kragujevac, Republika Srbija; °Fakultet Medicinskih nauka,
Univerzitet u Kragujevcu, Svetozara Markovi¢a 69, 34000 Kragujevac, Republika Srbija; P.
J. Safarik University in Kogice, Institute of chemistry, Moyzesova 11, SK-041 54 Kosice,
Slovakia;

e-mail: danijela.stojkovic@kg.ac.rs

Odmere se i u ultrazvucnoj kadi meSaju  ekvimolarne  Kolic¢ine
2-acetilbutirolaktona i metil estra L-tirozina. Reakcija traje Cetiri sata. Nakon zavrSene reakcije
i hladenja na sobnoj temperaturi dobija se proizvod u obliku viskozne smese. Dobijena smesa
se rastvara u metanolu, a zatim se vrsi te€no-tecna ekstrakcija smesom hloroform : voda= 1:1.
Organski sloj se kvantitativno prebaci u balon u kojem se proizvod susi anhidrovanim natrijum
sulfatom preko noc¢i.

Pretpostavljena struktura dobijenog jedinjenja potvrdena je na osnovu rezultata
rendgenske strukturne analize.

Kristalografski podaci: kristalni sistem - ortorombi¢ni, prostorna grupa P2;2,2;,
veli¢ina kristala 0,5877 x 0,5178 x 0,1459 mm® a = 7,6610(10), b = 9,9664(16),
c=20,058(2) A, V=1531,54) A’iZ=4,p,=1,324 glcm®, u=0,099 mm™. Utanjavanje
sa F2 (209 parametara i 3166 nezavisnih refleksija) dalo je R[F? > 26(F?)] = 0,0332, WR(F?) =
0,0782, S=1,015.

Slika 1. Molekulska struktura 2-acetilbutirolaktona sa metil estrom L-tirozina
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An equimolar amount of 2-acetylbutyrolactone and methyl ester of L-tyrosine was
mixed in an ultrasonic bath. The reaction took place for a period of 4 h. After completion of
the reaction the flask was cooled at the room temperature and the product was obtained in the
form of a viscous mixture.

After cooling, the resulting viscous mixture was dissolved in methanol and clarified
by liquid-liquid extraction in a mixture of chloroform: water = 1: 1. The organic layer was then
quantitatively transferred to a flask and dried with anhydrous sodium sulfate, overnight.

Proposed structure of the obtained compound was confirmed by X-ray structural
analysis.

Crystal data: crystal system - orthorhombic, space group P2,2,2,, crystal size 0.5877
x 05178 x 0.1459 mm° a = 7.6610(10), b = 9.9664(16), ¢ = 20.058(2) A,
V = 1531.5(4) A®iZ =4, p,=1.324 glem®, p = 0.099 mm™. Refinament with F? (209
parameters and 3166 independent reflections) are given R[F* > 20(F?)] = 0.0332, wR(F?) =
0.0782, S =1.015.

Figure 1. ORTEP plot for molecule 2-acetylbutyrolactone with methyl ester of
L-tyrosine
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U vodeni rastvor kalijum-tetrahloridopaladata(Il) dodaje se ekvimolarna koli¢ina
metil 2-(1-(2,4-dioksohroman-3-iliden)etilamino)acetata rastvorenog u metanolu. U toku
mesanja na sobnoj temperaturi izdvojio se talog zute boje. Talog je proceden, ispiran vodom i
susen na vazduhu. Dobijeno jedinjenje je kristalisalo iz sistema DMFA/voda.

Pretpostavljena struktura dobijenog paladijum(Il) kompleksa je potvrdena na osnovu
rezultata rendgenske strukturne analize.

Kristalografski podaci: kristalni sistem - monoklini¢ni, prostorna grupa P2/n,
a = 14,425(5), b = 6,913(2), ¢ = 15,918(5) A, g = 102,100(6)°, V = 1552,1(9) A% i Z = 4,
px = 1,881 glem®, p = 1,560 mm™. Utagnjavanje sa F? (247 parametara i 5123 nezavisnih
refleksija) dalo je R[F? > 25(F?)] = 0,0548, wR, = 0,1338, S = 0,894.

Slika 1. Molekulska struktura novog paladijum(ll) kompleksa sa metil 2-(1-(2,4-
-dioksohroman-3-iliden)etilamino)acetatom
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Potassium-tetrachloridopalladate(ll) was dissolved in water on steam bath at room
temperature  and equimolar  amount  of  methyl 2-(1-(2,4-dioxochroman-3-
-ylidene)ethylamino)acetate dissolved in methanol was added. The yellow compound was
obtained. The complex was filtered, washed with wather and air-dried. The obtained
compound was crystallized from system DMFA/water.

Proposed structure of the obtained palladium(ll) complex was confirmed by
X-ray structural analysis.

Crystal data: crystal system - monoclinic, space group P2:/n, a = 14.425(5),
b = 6.913(2), ¢ = 15.918(5) A, A = 102.100(6)°, V = 1552.1(9) A and Z = 4, p, = 1.881 g/cm’,
g = 1.560 mm™. Refinament with F? (247 parameters and 5123 independent reflections)
resulted inR[F? > 26(F?)] = 0.0548, wR, = 0.1338, S = 0.894.

Figure 1. ORTEP plot for new palladium(Il) complex with methyl 2-(1-(2,4-
-dioxochroman-3-ylidene)ethylamino)acetate
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Veliki broj jedinjenja sadze atome halogena kao konstituent. Halogeni elementi
poseduju anizotropnu raspodelu naelektrisanja sa negativno naelektrisanim regionom, ali i
regionom sa pozitivnim naelektrisanjem koji se pruza duz C-X veze (c-hol) [1]. Pokazano je
da se sa povecanjem polupreénik halogena povecava i pozitivno naelektrisanje c-hola, a da
veli¢ina ovog hola zavisi od elektronegativnosti atoma vezanog za halogen. Atomi fluora se
ponasaju drugacije od ostalih halogena jer karakter C-F veze zavisi od lokalnog okruzenja
atoma fluora [2], koje moZe biti odgovarno za tip i prirodu interakcija atoma fluora. U
Proteinskoj banci podataka, fluorovi atomi pokazali su tendenciju da se nadu u blizini
hidrofobnih bo¢nih aminokiselinskih ostataka ili u blizini karbonilne grupe [3].

Interakcije atoma fluora su ispitane analizom podataka dobijenih iz kristalnih
struktura, arhiviranih u Kembrickoj bazi strukturnih podataka. Statisticka analiza ovih
podataka pokazala je da su najzastupljenije strukture u kojima fluorovi atomi grade vodoniéne
veze. Medu njima, CH/F interakcije su brojnije (68707 interakcija) od klasi¢nih vodoni¢nih
veza (4703 NH/F i 2882 OH/F interakcija). Iznenadujuéi je podatak da su XF/F i XF/O
interakcije takode jako zastupljene u kristalnim strukturama (Slika). Medutim, najzastupljeniji
tip interakcija atoma fluora u Kembrickoj bazi strukturnih podataka su interakcije izmedu dva
atoma fluora (150993 XF/F interakcija)

Rezultati kvantno-hemijskih proracuna pokazali su da se najstabilnija XF/F
interakcija javlja izmedu dva CH3F molekula, sa energijom veze od -1,45 kcal/mol. Ove
interakcije su znacajno slabije od klasicnih vodoni¢nih veza. Velika zastupljenost XF/F
interakcija u kristalnim strukturama moze se objasniti teZznjom fluorovog atoma da formira tri
ili vi$e simultane interakcije sa vrstama iz okruZenja.

R
o< - - - 2 = [y c
R' F H R R' F F R R' F o R
43 397 struktura 23 050 struktura 4 448 struktura

[1] P. Politzer, J. Murray, T. Clark, Phys. Chem. Chem. Phys. 15 (2013) 11178-11189.

[2] A. Vulpetti, U. Hommel, G. Landrum, R. Lewis, C. Dalvit, J. Am. Chem. Soc. 131 (2009)
12949-12959.

[3] M. Zurcher, F. Diederich, J. Org. Chem. 73 (2008) 4345-4361.
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Large number of compounds has halogens incorporated in their structure. Halogens
have an anisotropic charge distribution with a region of negative charge and a region of
positive charge along the C-X bond (o-hole) [1]. Larger halogens form more positive c-hole,
while the size of the o-hole is affected by the electronegativity of the atoms bonded to halogen
atom. Fluorine behaves different from other halogens, because the character to the C-F bond
depends on the local environment of the fluorine [2], which might be relevant for the type and
nature of molecular interactions of fluorine atoms. In Protein Data Bank, the fluorine atoms are
found preferentially in close contact with hydrophobic side-chains and in close to carbonyl
group [3].

The interactions of fluorine atoms were studied by analyzing data from the crystal
structures of small molecules, archived in the Cambridge Structural Database (CSD).
Statistical analysis showed that the most abundant are structures in which F atoms build
hydrogen bonds. Among them the CH/F interactions are more frequent (68707 interactions)
than classical hydrogen bonds (4703 NH/F and 2882 OH/F interactions). Surprisingly, the
XF/F and XF/O interactions were shown to be abundant in the crystal structures (Figure).
However, the most common interactions of fluorine atom in the CSD are interactions between
two fluorine atoms (150993 XF/F interactions).

The results of quantum-chemical calculations showed that the most stable XF/F
interaction occurs between two CH3;F molecules with energy of -1.45 kcal/mol. These
interactions are significantly weaker than classical hydrogen bonds. The large abundance
of XF/F interactions in crystal structures can be explained by tendency of fluorine atoms
to form three or more simultaneous interactions with species from the environment.

R
9= = o= =9 o< e
R' F H R R' F F R R' F o R
43 397 structures 23 050 structures 4 448 structures

[1] P. Politzer, J. Murray, T. Clark, Phys. Chem. Chem. Phys. 15 (2013) 11178-11189.

[2] A. Vulpetti, U. Hommel, G. Landrum, R. Lewis, C. Dalvit, J. Am. Chem. Soc. 131 (2009)
12949-12959.

[3] M. Zurcher, F. Diederich, J. Org. Chem. 73 (2008) 4345-4361.
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Bopna je cempucyTaH MOJEKYJ Y NPUPOIHM M UIpa BPJIO BaXHY YJIOTY Y MHOTHUM
JKMBOTHHAM IIpOLIECHMA. TPAaHCIIOPTYje, pearyje, crabWim3yje, CUTHAJH3Yje, CTPYKTyHpa H
pacronesbyje. JacHO je 1a >KMBOT Ha 3eMJbM 3aBUCH O]l HEOOMYHE CTPYKTYpe M aHOMajHe
HPHUPOJE BOJE, KOja MOTHYEC OJ BCHUX MalIuX NTUMEH3Hja U BeJMKe nonapHoctd [1]. Ympkoc
MHOT'OOPOjHUM HCTpaXHUBambHMa, HEKe OCOOMHE BOJE Cy M Jajbe HepasjauimeHe. PasyMmeBame
OeckoHauHe Mpeke BOIOHMYHUX Be3a ca JIOKAIW30BaHMM CTPYKTYHUPAHHUM KllacTepuMa MOXKe
Jla JIOTIpUHECe pa3yMeBamy HEHOT KOMILIEKCHOI MoHamama. Mako mpopauyHu nokasyjy jaa
npuBJIauekhe n3Mel)y Mosekyna BoJie MOCTOJM YaK M KajJa HUCY Be3aHH BOJOHHYHOM BE30M,
OBaj Ba)KaH KOHIETIT CE YECTO MPEBU/IH.

Y oBoM pany uHTepakuuje u3Mely HEBOJOHMYHO BE3aHUX MOJIEKyJa BOJE CY
npoy4yaBaHe aHaim3oM KemOpuuke Oanke Kpucramorapckux mnoxaraka u ab initio
npopauyHnMa. Ox ykynHo npoHahernx 35546 konrakata, 14983 koHTakTa MMa BOIOHUYHY
Be3y, MoK ¢y 20563 koHTaKTa HEBOJOHWYHO Be3aHW. KOHTakTH ce cMarpajy HEeBOJOHHYHUM
ako je pactojame u3Melyy aroma kmceonmka (Oo) Mame ox 4,0 A m ako monekymn me
3a/10B0JbABA]jy KPUTEPHjYM 3a BOJOHHYHO Be3nBame (Uq, pacTojame Mame o1 4,0 A, yrao a (O-
H---0) Behu ox 110° u dyp pacrojame kpahe ox 6uo kojer dyy pacrojama) [2].

Pesynratu cy mokasanu aa HajBehn Gpoj HEBOJIOHHYHO BE3aHUX KOHTaKaTa mMma Opo
pacrojame y oncery ox 2,8 A 10 3,4 A u yrao anda y unrepsany ox 80° o 130°. dakie, dyo
pacTojama KOJ HEBOJOHHYHO BE3aHHX MOJeKyna Bomae cy Beha Hero dyo pacrojama Kox
BOJIOHUYHO BE3aHUX MOJIEKyla. 3a HEBOJOHMYHO Be3aHe MOJEKyJe BOJE paclofena yria
nsmely paBuu (P,/Py, nuemapcku yrao) nokasyje na je mapanensa opujerranmja Po/Py ox 0 10
10° 6naro aBopu3oBaHa.

Moyen cucTeMH Ha KojuMa Cy paljeHdM NpopadyHH Cy 3aCHOBAaHM Ha IOJalUMa H3
KPUCTATHUX CTPYKTypa, y CBHM Mojnen cuctemuMa Oap jeman map OH Besa je y
aHTHIIApaJesHoj opHjeHTauuju. EHepruje mHTepakuuja pauyHare Ha MP2/cc-pVQZ nuBoy
Hajase ce y omncery usmely -2,13 u -3,80 kcal/mol. ¥V kpucrannum cTpykTypama HajBUIIE CY
3aCTYIUBEHHM KOHTAKTH KOjU OJIrOBapajy HajCTaOMIIHU]jEM MOJIEN CHCTEMY.

HeBogonnuHo Be3aHM MOJEKyJH Boje (aBOPU30BAHH]H CY O]l BOJOHHUYHO BE3aHHX
MOJIEKyJIa BOJIe 300T JoJaTHe cTabuin3aiyje ycie] nHTepaknuja ca okpyxemeM. Ocum Tora,
OBE MHTEPaKIMje Cy M0 jauMHU KOHKYpPEHTHE BOJIOHMYHHM Be3ama Koje Ipajie MOJICKYJIH BOJE
Ha BehuMm pacrojamnma.

[1] F. H. Stillinger, Science, (1980) 451-457

[2] J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys. (2012)
10896-10898
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Water is ubiquitous molecule in nature that plays significant role in many life processes;
transports, lubricates, reacts, stabilizes, signals, structures, and partitions. It is clear that life on
Earth depends on the unusual structure and anomalous nature of liquid water derived from its
small size and high polarity [1]. In spite of extensive research, some properties of water are
still unexplained. Understanding of infinite network of hydrogen bonds with localized and
structured clustering that water molecules form can elucidate its complex behavior. Although
calculations show that attraction between water molecules exists even if not hydrogen-bonded,
this important concept is often overlooked.

In this work interactions between non-hydrogen-bonded molecules were studied by
analyzing crystal structures from the Cambridge Structural Database and by ab initio
calculations. Among 35546 contacts, 14983 contacts form hydrogen bonds, while 20563
contacts are not hydrogen-bonded. The contacts are considered non-hydrogen-bonded if the
distance between oxygen atoms (do,) is less than 4.0 A and molecules do satisfy the criteria for
hydrogen bonding (d,, distance less than 4.0 A, angle o (O-H---O) larger than 110° and dyo
distance shorter than any dy distance) [2].

The results showed that most of non-hydrogen-bonded contacts have dyo distance in the
range from 2.8 A to 3.4 A and angle a in the interval of 80° to 130°. Hence, dy distances of
non-hydrogen-bonded water molecules are longer than dyo distances of hydrogen-bonded
molecules. For non-hydrogen-bonded water molecules the distribution of interplanar angle
between planes (P,/P, dihedral angle) shows that parallel orientation with the P./P, values from
0 to 10° is slightly preferred.

Model systems for calculations were based on the data obtained from crystal structures; in
all model systems at least one pair of OH bonds is in antiparallel orientation. Values of
energies calculated at MP2/cc-pVQZ level are in the range from -2.13 to -3.80 kcal/mol. In
crystal structures the most frequent are contacts corresponding to the most stable model
system.

Non-hydrogen-bonded water molecules are more favorable than hydrogen bonded because
of additional stabilization by interactions with the environment. In addition, they are
competitive in strength with hydrogen bonds at large distances.

[1] F. H. Stillinger, Science (1980) 451-457.
[2] J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys. (2012)
10896-10898.
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Organometalni kompleksi postaju sve vazniji kao fleksibilni i kineti¢ki stabilni gradivni
blokovi u otkricu lekova a posebno za razvoj radiofarmaceutika. Organometalni
[M(OH,)5(CO);]* (M = Re, *™Tc) kompleksi su dali znaGajan interes zbog kompaktne
stabilnosti prirode trikarbonil jezgra. Nov renijum(l) komples koji sadrzi tridentatni tiazol
ligand je sintetisan i njegova kristalna struktura je ovde data. Difrakcioni podaci su sakupljeni
na sobnoj temperaturi na Bruker Kappa Apex 2 difraktometru opremljenim sa trijumf
monohromatorom. Kristali pogodnih veli¢ina dobijeni su iz mati¢nog rastvora nakon stajanja u
frizideru od mesec dana. Jedinjenje je okarakterisano na bazi IR, *H i *C NMR spektroskopije
i rendgenske kristalne strukturne analize.

Kristalografski podaci: CisH14N,03ReS,CO5; Mr = 580,63, kristalni sistem: monoklini¢ki,
prostorna grupa P2,/c, veli¢ina kristala 0,16 x 0,19 x 0,43 mm, a = 26,3056(13) A,
b = 9,4798(4) A, ¢ = 16,1346(6) A, a = 90°, p = 106.786(2)°, y = 90°, V = 3852,1(3) A3,
Z = 8, F(000) = 22320, p = 6.561 mm™, Dy, = 2,00 Mgm™. Utacnjavanje sa F2 (487
parametara) dalo je R = 0,036, wR = 0,054, S=1,00, | > 2,000(1).
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The organometallic complexes are becoming more important as flexible yet kinetically stable
building blocks for drug discovery and in particular for the development of
radiopharmaceuticals. Organometallic [M(OH,)3(CO)s]* (M = Re, *™Tc) complexes have
yielded considerable interest because of the compact stable nature of the tricarbonyl core. New
rhenium(l) complex with tridentate thiazole-containing ligand was synthesized and its crystal
structure is given herein. Diffraction data were collected at ambient temperature on a Bruker
Kappa Apex 2 diffractometer equipped with a triumph monochromator. The crystals of
suitable size were obtained from the mother liquor after a month in refrigerator. Compound
has been characterized on the basis of IR, *H and *C NMR spectroscopy and X-ray crystal
structure analysis.

Crystallographic data: Ci5H14N,03ReS,COs; Mr = 580.63, crystal class: monoclinic, space
group P2/c, crystal size 0.16 x 0.19 x 0.43 mm, a = 26.3056(13) A, b = 9.4798(4) A, ¢ =
16.1346(6) A, a.=90°, B = 106.786(2)°, y = 90°, V = 3852.1(3) A%, Z = 8, F(000) =2232.0,
=6.561 mm™, D, = 2.00 Mgm™. The refinement on F2 (487 parameters) yielded R = 0.036, wR
=0.054, S=1.00, | > 2.000(])
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Derivati hidantoina se uveliko primenjuju u medicini. Poznati su kao antikonvulzivi,
antidepresivi i antikancerogeni agensi [1]. U okviru proucavanja uticaja strukture na biolosku
aktivnost derivata cikloalkanspiro-5-hidantoina, sintetisan je 3-benzil-cikloalkanspiro-5-
hidantoin. Jedinjenje je dobijeno Bucerer-Libovom metodom polazeéi od ciklopentanona,
kalijum-cijanida i amonijum-karbonata u 50%-nom rastvoru etanola, posle ¢ega je izvrSena
nukleofilna supstitucija benzil-bromidom. Monokristali odgovarajuéih dimenzija dobijeni su
prekristalizacijom iz etil-acetata posle 24 h na sobnoj temperaturi. Jedinjenje je okarakterisano
rendgenskom strukturnom analizom i UV-vis, FT-IR, *H i **C NMR spektroskopskim
metodama.

Asimetri¢na jedinica 3-benzil-ciklopentanspiro-5-hidantoina sastoji se od dva molekula, u
kojima ciklopentanski prsten ima konformaciju koverte. Dve jake vodoni¢ne veze
N-H---O izmedu NH-grupa iz hidantoinskih prstenova jednog molekula i O=C-grupa iz
hidantoinskih prstenova susednih molekula [d(N---O) iznose 2,869(4) i 2,913(4) A; uglovi
iznose 174 i 160 °], dovode do formiranja centrosimetri¢nih R,%(8) dimera (slika). Dimeri su
dalje povezani u 3D mrezu slabim C—H--- & interakcijama izmedu H-atoma u ciklopentanskom
prstenu i benzenskog prstena (duzina H-Cg iznosi 2,960 A).

Slika. Centrosimetri¢ni R,%(8) dimer

Kristalografski podaci: CosH3,N4O4, M, = 488,58, triklini¢an sistem, prostorna grupa P 1,
a=5,976(1), b = 12,801(3), ¢ = 17,604(4) A, « = 106,51(3), A = 91,33(3), y = 92,01(3) °,
V =1289,6(4) A® R, = 0,0569 za 2252 refleksija sa | > 25(1).

[1] H. Merritt, T. Putnam, Arch NeurPsych. 39 (1938) 1003-1015; H. Byrtus, M. Pawlowski,
A. Czopek, A. Bojanski, B. Duszynska, G. Nowak, A. Klodzinska, E. Tatarczynska,
A.Wesolowska, E. Chojnacka-Wojcik, Eur. J. Med. Chem. 40 (2005) 820-829; N. Penthala, T.
Yerramreddy, P. Crooks, Bioorg. Med. Chem. 21 (2011) 1411-1413.
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Hydantoin derivatives are widely used in medicine. They are known as anticonvulsants,
antidepressants and anticancer agents [1]. Within the study of the hydantoins, a new 3-benzyl-
cycloalkanespiro-5-hydantoin has been synthesized. Titled compound has been prepared using
Bucherer-Lieb method starting from cyclopentanone, potassium cyanide and ammonium
carbonate in 50 % ethanol solution, followed by nuclephilic substitution with benzyl bromide.
The single crystals of the suitable size were formed by recrystallization from ethyl acetate after
24 h standing at room temperature. The characterization of the compound was made by the
single-crystal X-ray diffraction analysis and UV-vis, FT-IR, *H and **C NMR spectroscopic
methods.

The asymmetric unit of the 3-benzyl-cyclopentane-5-hydantoin consists of two molecules,
in which a cyclopentane rings adopt the envelope conformation. Molecules form R,%(8)
centrosymmetric dimers through two strong N-H---O hydrogen bonds between hydrogen bond
donor NH group and hydrogen bond acceptor O=C group from hydantoin rings belonging to
adjacent molecules [d(N---O) are 2.869(4) and 2.913(4) A; angle values are 174 and 160 °]
(Figure). By weak C—H- - interactions between H atoms of the cyclopentane and benzene
rings (H-Cg distance is 2.960 A), the dimmers are further connected into the 3D network.

Figure. The centrosymmetric R,%(8) dimmer

Crystal data: C,gH3,N,O,4, M, = 488.58, triclinic, space group P 1, a=5.976(1), b = 12.801(3),
c=17.604(4) A, a = 106.51(3), # = 91.33(3), y = 92.01(3) °, V = 1289.6(4) A®, R, = 0.0569 for
2252 observed reflections with 1 > 26(1).

[1] H. Merritt, T. Putnam, Arch NeurPsych. 39 (1938) 1003-1015; H. Byrtus, M. Pawlowski,
A. Czopek, A. Bojanski, B. Duszynska, G. Nowak, A. Klodzifska, E. Tatarczynska,
A.Wesolowska, E. Chojnacka-Wojcik, Eur. J. Med. Chem. 40 (2005) 820-829; N. Penthala, T.
Yerramreddy, P. Crooks, Bioorg. Med. Chem. 21 (2011) 1411-1413.
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OBaj KOMILTEKC je CHHTETHCaH TO MpOILETypH Koja je mpumemena 3a nobujame Rh(111)
KoMmIuiekca ca xekcagentaTHuM EDTA tunom nuranana [1]. Y 15 mL Boae pacTBopeHoO je
1,99 g (0,0025 mol) Cag(ed3a),-12H,0 u oBoMm pactBopy je momat pactBop NaOH nobujen
pactBapameM 0,6 g (0,015 mon) y 5 mL Boge. Tanor Ca(OH), je onBojen nehemem u y
¢untpar je momar pactBop mobujeH pactBapamem RhClz-xH,O 1,05 g (0,005 mol) y 5 mL
Boze. Jlobujena cmemna je 3arpesana Ha 145°C 3a Bpeme ox 7h. Iocne xnahema Ha coOHOJ
TEeMIIepaTypy KyTH pacTBOp je mporeheH W HaHeT Ha KOJOHY Koja je HamymeHa jOHCKUM
mamemuBadeM Sephadex QAE A-25 y CI obnuky. HakoH enyupama ca BOJOM, H30J0BaHA
je xyra tpaka. Tpaka je ymapena no 3ampemuHe on 1 mL u xommiekc cCis-equatorial-
[RhH,O(ed3a)] xpucranucan momaTkoM eraHona u  xjahemeM y  bpmwkuaepy.
Kpucranorpadcku mojany: MOHOKIMHHYHM CHCTEM, NMPOCTOpHa rpymna P2;/n, BenudnHa
kpuctana 0,1918 x 0,0712 x 0,0460 mm?, a = 6,94313(8), b = 15,71268(18),
¢ = 11,09315(11) A, = 96,9886(10)°, V = 1201.22(2) A3, Z = 4, p, = 2,047 g cm™,
u=1,462 mm™, R, = 0,0358, wR, = 0,0527.

Cnuka 1. Acumerpuuna jeaunuia Cis-equatorial- [Rh(ed3a)H,0]xH,0 xomruiekca

[1] U. Rychlewska, M. I. Djuran, M. M. Vasojevi¢, D. D. Radanovi¢, V. M. Ristanovi¢, D.
J. Radanovi¢, Inorg. Chim. Acta 328 (2002) 218-228.
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This complex was prepared by the procedure used to make Rh(Ill) complexes with
hexadentate edta-type of ligands [1]. Cas(ed3a),-12H,0 (1.99 g; 0.0025 mol) was dissolved
in 15 mL of water and solution of 0.6 g (0,015 mol) NaOH in 5 mL of water was added.
The deposited Ca(OH), was separated by filtration and in filtrate was added the solution of
1.05 g (0.005 mol) RhCI5-xH,O in 5 mL of water. The resulting mixture was stirred at
145°C for 7h. After cooling to room temperature the yellow solution was filtered off and
the filtrate was passed through a column supplied with the QAE A-25 Sephadex in the CI’
form. After elution with water, one yellow band was isolated. The band was evaporated to
ca. 1 mL and cis-equatorial-[Rh(ed3a)H,0O]xH,0 was crystallized after adding ethanol and
cooling the solution in a refrigerator. Crystal data: monoclinic, space group P2,/n, crystal
size 0.1918 X 0.0712 X 0.0460 mm?, a = 6.94313(8),
b = 15.71268(18), ¢ = 11.09315(11) A, g = 96.9886(10)°, V = 1201.22(2) A3, Z = 4,
px =2.047 gcm?® 4 = 1.462 mm™, R; = 0.0358, WR, = 0.0527.

Figure 1. Assymetric unit of cis-equatorial-[Rh(ed3a)H,O]xH,0 complex

[1] U. Rychlewska, M. 1. Puran, M. M. Vasojevi¢, D. D. Radanovi¢, V. M. Ristanovi¢, D.
J. Radanovi¢, Inorg. Chim. Acta 328 (2002) 218-228.
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U reakciji etanolnih rastvora AG-HNO; i SAL (AG =aminogvanidin,
SAL = salicilaldehid) u prisustvu HOAc dobijeni su beli monokristali dva polimorfa
SALAG-HNO; i to: prizmati¢ni (1a) i plocasti monokristali (1b). Neutralizacijom vodenog
rastvora SALAG-HNO; rastvorom KOH izolovani su ¢ilibarni monokristali
SALAG-HNO;-SALAG-H,0 (2). Treba reé¢i da su monokristali 1a i 1b dobijeni i prilikom
pokusaja sinteze kompleksa Zn(Il), i to u reakciji toplih metanolnih rastvora ZnX, (X = Cl,
1) i SALAG-HNO; 1a, dok je u reakciji toplih metanolnih rastvora ZnBr, i SALAG-HNO;
dobijen 1b. Polimorf 1b je dobijen i pri refluktovanju smese (CHz),SnCl, i SALAG-HNO;
u MeOH.

Asimetri¢ne jedinice oba polimorfa se sastoje od saliciliden-aminogvanidinijum jona
(SALAGH"), sa protonovanim AG ostatkom, i nitratnog anjona. Ovaj katjon karakterise
visok stepen planarnosti, koji je posledica prisustva konjugovanih dvostrukih veza.
Konformacija katjona pogodna za koordinaciju, u kojoj su svi donorni atomi iste
orjentacije, stabilizovana je jakom intramolekulskom O1-HI:--N3 vodoni¢nom vezom.
Veze C1-N1, C1-N2, C1-N4 su krace od jednostruke, a duze od dvostruke C=N veze, $to
ukazuje na delokalizaciju elektrona u AG (—N2-C1(-N3)-N4) fragmentu. Kristane resetke
oba polimorfa stabilizovane su intermolekulskim vodoni¢nim vezama izmedu pozitivno
naelektrisanog aminogvanidinskog ostatka i nitratnih jona.

U strukturi SALAG-HNO;-SALAG-H,0 (2) i katjon i neutralni molekul SALAG imaju
istu konformaciju, a koja je stabilizovana intramolekulskim vodoni¢nim vezama O1-
H1--N3 (SALAGH") i 02-H2--N6 (SALAG). Osim po tome $to je retkost da se slobodne
forme istog liganda razli¢itog stepena protonacije nadu u jednom kristalu, ova struktura je
veoma znacajna i zbog toga §to je prva u kojoj je izolovana neutralna forma SALAG.
Postoje odredene razlike u duzinama veza u katjonu i molekulu liganda, uzrokovane
deprotonacijom atoma azota N6. U slucaju neutralne forme najvece odstupanje zapaza kod
veze C9-NG6, ¢ija je duzina veoma bliska
duzini dvostruke C-N veze. Samim tim,
uoceno izduZzenje C9—-N5 i C9-N8 veza je
ocekivano, iako su njihove vrednosti i
dalje izmedu onih karakteristicnih za
dvostruku odnosno jednostruku C—N vezu.

N1-Cl=13133) A
N2-C1=1.3272) A
N4-C1=132003) A la
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In reaction of ethanolic solutions of AG-HNO; and SAL (AG = aminoguanidine,
SAL = salicylaldehyde) in presence of HOAc white single crystals of SALAG-HNO; were
obtained—prismatic crystals belonging to 1a polymorph, and plate-like crystals belonging
to 1b polymorph. By neutralizing of aqueous solution of SALAG-HNO; with KOH the
amber-colored crystals of SALAG-HNO;SALAG-H,0 (2) were isolated.
Furthermore, compounds l1a and 1b were also obtained while trying to synthetize
complexes of Zn(11). Namely, in the reaction of warm methanolic solutions of ZnX, (X =
Cl, 1) and SALAG-HNOj3, the crystals of 1a were isolated, whereas in the reaction of warm
methanolic solutions of ZnBr, and SALAG-HNO; the 1b polymorph was obtained.
Moreover, phase 1b was also produced while refluxing (CHs),SnCl, and SALAG-HNO;
mixture in MeOH.

The asymmetric units of both polymorphs consist of a salicylidene-aminoguanidinium
ion (SALAGH™) with protonated AG moiety, and a nitrate ion. The cation is highly planar,
due to the presence of conjugated double bonds. Pro-binding conformation of the cation is
stabilized by strong intermolecular O1-H1--"N3 hydrogen bond. Bonds C1-N1, C1-N2,
C1-N4 have intermediate values between pure single and double C-N bonds, indicating
delocalization of the charge within AG moiety (—N2—-C1(—N3)-N4). Crystal structures of
both polymorphs are stabilized by intramolecular hydrogen bonds between aminoguanidine
moiety and nitrate ions.

In SALAG-HNO;-SALAG-H,0O (2), both cation and neutral SALAG adopt same
conformation, which is stabilized by O1-H1--N3 (SALAGH") and O2-H2:--N6 (SALAG)
hydrogen bonds. It is not very common that forms of a ligand with different degree of
protonation are present in the same crystal, as it is the case in 2. Moreover, this compound
is the first one to contain the neutral form of SALAG.

There are certain differences in bond lengths within cation and neutral molecule, which
are caused by deprotonation of nitrogen
N6. Namely, in the case of neutral form
the largest discrepancy is observed in C9—
N6 bond, the lengths of which is very
close to a double C—N bond. Also, the
expected elongation of C9-N5 and C9-N8
bonds is expected, although, their lengths
are still intermediate between pure single
and double C-N bonds.

NI-C1=1318(2) A
N2-C1=1331(2) A
N4-C1=13242) A
N5-C9 = 1.344(2) A
N6-C9 = 1.307(2) A
N8-C9=1357(2) A
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Na+/K+-ATPaza pripada Kklasi P-tipa i prisutna je u svim zivotinjskim céelijama.
Sastoji se od alfa, beta i gama subjedinice [1]. Alfa subjedinica odgovorna je za vecinu
fukcija ovog enzima. Njegova uloga je odrzavanje potencijala ¢elijske membrane, tako §to
upumpava tri jona kalijuma u ¢eliju, odnosno ispumpava dva jona natrijuma iz ¢elije i na taj
nacin odrzava visoku koncentraciju kalijumovih jona i nisku koncentraciju natrijumovih
jona unutar ¢elije. Na ovaj nacin obezbeduje energiju za nekoliko éelijskih funkcija kao §to
su uticaj na transport drugih metabolita, odrzavanje zapremine ¢elije itd.

Kardija¢ni glikozidi poput uabaina (OBN) i digoksina (DGX) su mo¢ni inhibitori
Na+/K+-ATPaze [2]. Cilj ovog rada bio je da se ispita selektivnost ovog enzima
dokovanjem odgovarajuéih potencijalnih inhibitora dobijenih iz Kembri¢ke Strukturne
Baze Podataka (CSD). Kako bismo ispitali interakcije ovih molekula sa enzimom pretrazili
smo CSD, pri ¢emu smo kao rezultat pretrage dobili 40 struktura pogodnih za dalju analizu.
Strukturu enzima koju smo koristili u proracunima dobili smo pretragom kristalnih
struktura u Proteinskoj Banci Podataka, PDB kod 4HYT. Za molekulski doking koristili
smo program Vina. U cilju pronalaZenja najbolje metode, doking test je izveden pomocu
kristalne strukture OBN liganda na tri razli¢ita nacina i metodu koja se najbolje pokazala
koristili smo u daljem istrazivanju.

Pored dobre orijentacije i polozaja liganada u odnosu na OBN, pronadeno je
nekoliko tipova razli¢itih interakcija odgovornih za vezivanje liganda u aktivnom mestu
enzima (Slika).

cly

Phe Phe

[1] J. Morth, B. Pedersen, M. Buch-Pedersen, J. Andersen, B. Vilsen, M. Palmgren, P.
Nissen, Nature Reviews Molecular Cell Biology, 12 (2011) 60-70.
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Na+/K+-ATPase, a member of the P-type class of ATPases, is present in all
animal cells. The Na+/K+-ATPase is composed of one alpha subunit and one beta subunit,
which form the basic complex, and another subunit, termed gamma [1]. The alpha subunit
is responsible for most of the enzyme's pumping function. This enzyme has role to pump
potassium ions into, and sodium ions out of cells, and in this way it is responsible for
maintaining cell membrane potential with high intracellular K* and low intracellular Na*
concentrations. These gradients provide energy for several cellular functions like effect
transport, regulation of cellular volume etc.

It was found that cardiac glycosides like ouabain (OBN) and digoxin (DGX) are
powerful inhibitors of Na+/K+-ATPase [2]. Scope of this work was to investigate
selectivity of Na+/K+-ATPase by docking of appropriate structures obtained from
Cambridge Structural Database. In order to investigate structure influence of these types of
molecules on enzyme function we searched CSD. The database scan resulted with 40
structures suitable for further analysis. Appropriate Na+/K+-ATPase crystal structure was
found by searching Protein Data Bank, PDB code 4HYT. The molecular docking was
performed with the Vina software package. With a view to find the best method, test
docking was performed with crystal structure of OBN ligand in three different ways, and
the best method was used for docking runs of all obtained CSD structures.

The position and orientation of ligands in the binding site was in good accordance
with previously docking results. It was found that several different types of enzyme-ligand
interactions are responsible for ligand binding to enzyme active site (Figure).

Gly

Leu
Phe Phe

Tle.

[1] J. Morth, B. Pedersen, M. Buch-Pedersen, J. Andersen, B. Vilsen, M. Palmgren, P.
Nissen, Nature Reviews Molecular Cell Biology, 12 (2011) 60-70.

[2] M. Laursen, J. Gregersen, L. Yatime, P. Nissen, N. Fedosova, Proc. Natl. Acad. Sci.
USA, 112 (2015) 1755-1760.
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HanouectnuHu y3opak (epHu-oKCcHaa CUHTETHCAH jé METOJOM BOJCHOI caropeBama, Koja
cmaga y rpymy T3B. Self-combustion wmeroma. KapakTepusaiuja HaHOYECTHYHOT
(bepu-okcuaa 3amouera je peHareHckom mudpakiujom Ha mpaxy (XRPD). Mopdonoruja u
BEJIMUMHA HAHOYECTHUIIA oJpeleHa je momMohy TpaHCMHCHOHOT €IeKTPOHCKOT MHKPOCKOIA
(TEM) xao u BHCOKOPE3OJIyIIMOHOT TPAHCMHCHOHOI EJEKTPOHCKOT MHKPOCKOMa
(HRTEM). Enexrponcka audpakiyja je moTBpauia aa ce paau o Gpasu xemaruta. Ha TEM
cnukama o-Fe,0; youaBa ce emurconnHu oOJIMK 3pHa BenuyuHe oko 100 nm. BenmdnHa
Ha"ouectnna Ha HRTEM wmukporpadujama je oko 25 Nm, mTo ce ciIaxke ca BpeAHOCTHMA
nmobujeanM XRPD meromom. Y3opak mma HeoOndHy Mopdonorujy u cynhepact (mopo3aH)
u3rnen, ca BenmuauHOM mopa 01 2 mo 10 nm. HRTEM wmukporpaduje mokasyjy jacHO
JneduHMCcaHe EeKBHIMCTAHTHE pPaBHM pEIIeTKEe YeCcTHI, IITO MOTBphyje HHUXOB BHUCOK
CTENEH KpUCTaIMHHUTETa. YouaBajy ce paBuum pemerke (110), (220), (113) u (300) ca
onrosapajyhum meljymspocHum pacrojamuma 0,252 nm, 0,126 nm, 0,221 nm u 0,145 nm.
VYouagajy ce Takol)e u paBHH pelieTke ca MeljymbocauM pacrojabuma 0,17 nm, 0,13 nm u
0,148 nm koja oaropapajy paBuuma xematura (116), (1,0,10) u (214). MarnetHa Mepema
cy ypahena momohy SQUID marneromerpa. MepeHa je 3aBUCHOCT MarHetusanuje M
y30pka on Temmeparyrte T, Mpy KOHCTAaHTHOM MarHeTHOM HOJby. Mepema Cy M3BpLICHA Y
MarHeTHOM moJby jaumHe H = 1000 Oe u y TemmeparypHoM HHTepBanmy ox 5 mo 350 K.
IMocmarparme TeMiiepaTypHe 3aBUCHOCTH BPIIEHO je Ha jBa HaunHa: kao ZFC (Zero Field
Cooled) u FC (Field Cooled) mepema. Paznsajame ZFC u FC kpuBHX Marmerusanuje je
KapaKTepUCTHKa HAHOYECTHYHHX MarepHjala W He jaBjba ce KOJ 4YeCTHIa XeMaTHTa
MHKpPOMETapcKux BenuuuHa [1]. MopuHoBa Temmeparypa onpelyje ce u3 MakcuMyma
kpuBe AM/dT u wmsnocu 209,2 K. Ha koHcranTHMM Temmeparypama o 5 u 300 K
WCIIUTHBAHA j€ 3aBHCHOCT MarHeTH3alyje O] jadMHe MarHeTHOT T0Jba TNe je MOTBpheHo
MOCTOjabe XHCTepe3ncHuX merspu. Ha Ttemmeparypu ox 5 K BpemHoct jaumHe
koepuuTHBHOr moJjba je Hc = 1150 Oe, pemanentHe Marmetmsanuje M, = 0,85 emu/g, a
BPEIHOCT carypanuoHe MarHerusanuje Ms= 14,25 emu/g. U3MmepeHe BpeaHOCTH Ha
temnepatypu og 300 K cy: Hc=4000e, M,=0,35 emu/g u Mg= 3,33 emu/g. Ose
BPEIHOCTH Cy YIOpEOUBE ca BpPEAHOCTHMa JAOOMjEHUM Y JAPYTMM HaHOYECTHYHHM
CUCTEMHMa Ca XeMaTUTOM [2].

[1] X. Gou, G. Wang, X. Kong, D. Wexler, J. Horvat, J. Yang, J. Park, Chem. Eur. J. 14
(2008) 5996-6002.

[2] R. Amutha, M. Muruganandham, M. Sathish, S. Akilandeswari, R. P. S. Suri, E. Repo,
M. Sillanp, J. Phys. Chem. C 115 (2011) 6367-6374.
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The iron oxide nanocrystalline sample was prepared by the agqueous combustion method
which belongs to self-combustion methods. The structure and phase composition of the
sample was determined by X- Ray powder diffraction (XRPD). The morphology and size
of iron oxide nanoparticles were determined with a transmission electron microscopy
(TEM) and a high-resolution transmission electron microscopy (HRTEM). The TEM
images of a-Fe,O3 / alumina nanocomposite show that the sample has an ellipsoidal grain
structure about 100 nm in size. The estimated size of the nanoparticles obtained from the
HRTEM images is about 25 nm that agrees well with the average crystallite size
determined by XRPD, suggesting that the particles are monocrystalline. The sample has
unusual morphology and shows a spongy (porous) appearance with the size of pores in the
range of 2 - 10 nm. HRTEM images exibit well-defined lattice fringes of the particles that
confirmed their high crystallinity. Lattice fringes (110), (220), (113) and (300) with
distances of 0.252 nm, 0.126 nm, 0.221 nm and 0.145 nm were noticed, respectively.
Additionally, lattice fringes with distances of 0.17 nm, 0.13 nm, and 0.148 nm too, were
noticed, which correspond to hematite lattice fringes (116), (1,0,10) and (214), respectively.
Magnetic measurements were performed on SQUID magnetometer. The temperature
dependence of the magnetization M(T) was measured in magnetic field H=1000 Oe and in
temperature range of 5-350 K in zero-field-cooling (ZFC) and field-cooling (FC) modes.
The temperature-dependent magnetization M(T) of the a-Fe,O3 nanoparticles clearly shows
their temperature dependence and the high separation between the ZFC and FC curves.
Such a divergence between the magnetization in a ZFC process and a FC process is
characteristic of nanosized particles and does not exist in bulk hematite [1]. Peaks at
Twm =209.2 K are clearly observed in both curves (ZFC and FC) whose temperature may be
assigned as the Morin temperature. The field-dependent magnetization of the a-Fe,Os
nanoparticles clearly displays hysteresis at a constant temperature (5 and 300 K). The
values of the coercivity, remanent magnetization and saturation magnetization at 5 K are
Hc= 1150 Oe, M, = 0.85 emu/g and Mg = 14.25 emu/g, respectively. The measured values
at 300 K are Hc=400 Oe, M,;=0.35 emu/g and Ms=3.33 emu/g. These values are
comparable with those for a-Fe,O3 nanoparticle systems reported in the literature [2].

[1] X. Gou, G. Wang, X. Kong, D. Wexler, J. Horvat, J. Yang, J. Park, Chem. Eur. J. 14
(2008) 5996-6002.

[2] R. Amutha, M. Muruganandham, M. Sathish, S. Akilandeswari, R. P. S. Suri, E. Repo,
M. Sillanp, J. Phys. Chem. C 115 (2011) 6367-6374.
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Terparnadynsanen (TTF) (Cnuka 1) je opraHOoCyMIIOpHO jelMI-CHE KOje MMa
BEJIMKM 3HA4aj 3a Pa3Boj T3B. MOJEKYJCKHX MeTaia, HEMETalHHX MaTepujaia Koju Cy
MO3HAaTH Kao OPTraHCKM MPOBOJHUIM M CYNEPIPOBOJHHUIM jep TI0Ka3yjy BEIHUKY
eNeKTpuuHy mnpoBoybuBocT [1]. Monekyn TerpatnadynBaieHa je BeoMma 3HauajaH
KOHCTHTYEHT Y CYyNpaMOJIEKYJICKO] XEMHjU W KPHCTATHOM WHXXCHEPUHTY, ald U Y
CHCTEMHMa KOjU Cy CIOCOOHHM Ia (YHKIMOHHMINY Kao MOJIeKyJcke MamiuHe. Iberose
U3paKCHE eIEKTPOH-IOHOPCKE CIIOCOOHOCTH oMoryhaBajy My Ja Tpaiu COJIM Koje MpeHoce
HACJICKTPUCAE ca TOOPHM ENICKTPOH-aKLIENTOPUMA, YIIIaBHOM (OPMUpamEM MapalieTHuX
WHTepaKiuja, U kao Heyrpanad monekyn (TTF) u xao katjon-pamukan [TTF]™. Ose
WHTEpaKIHje Cy OJrOBOPHE 3a (PU3NYKEe OCOOMHE OBHX MaTepHjaa.

[S Sj
S S
Cnuka 1. CtpykTypa TeTpaTuadynBageHa

Y oBOM paxy WHCHUTHBaHE Cy WHTepakuuje u3Mel)y naBa mapasienHa
HecyncTutyucana mosiekyna TTF myrem craTucTHuke aHaigm3e IOjaraka JOOUjeHHX
nperparom KemOprmuke 0aze ctpykrypHux momataka (CSD) m DFT-D3 mpopauynmma.
Pesynratn ananmm3e koHTakara mnpoHahenux y CSD mokasyjy na y KpHCTaTIHUM
crpykrypama moiaekynu TTF Texe rpahemy napanennux marepakumja. Y Hajehem Opojy
KOHTaKaTa MOJICKYJIM UMajy T€OMETpHjy CMakHyTy 1o 1yxoj C, ocn moiekyina, ca opcerom
on 1,5 mo 2,0 A, YV mumy mpouene ewepruje uHTepakimja usMely 1Ba HeyTpaiHa
MOJIEKyJIa, Ka0 W ONTHMaTHHUX BPEIHOCTH Oo()ceTa M HOPMAIHUX PAcTojama Ha KojuMma ce
jaBibajy, ypaljeHu cy KBaHTHO-XeMHjcku mpopauynu Ha B2PLYP-D3/6-311++G** wu
MO6L-D3/6-311++G** nuBomma Teopuje. IlpopauyHu MOKa3yjy OIJIMYHO Cllarame ca
KpuctasorpadckuM moganyMma. HajcTtaOuinHHMja MHTEpaKIMja OAroBapa Haj3acTYIJbEHH])O]
reoMeTpuju  koja je mponahena mperparom CSD u wuMa BpegHOCT eHepruje
ox -9,27 kcal/mol.

[1] L. E. Smart, E. A. Moore, Solid State Chemistry: An Introduction, CRC Press, Boca
Raton (2012).

60



CRYSTALLOGRAPHIC AND QUANTUM-CHEMICAL ANALYSIS
OF PARALLEL INTERACTION IN TETRATHIAFULVALENE
DIMER

I. S. Antonijevi¢®, D. P. Malenov®, S. D. Zari¢®®

|CTM, University of Belgrade, Njegoseva 12, Belgrade, Serbia; "Innovation center of the
Department of Chemistry, Studentski trg 12-16, 11000 Belgrade; °Department of
Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade, Serbia; ‘Department of
Chemistry, Texas A&M University at Qatar, P. O. Box 23874, Doha, Qatar

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

Tetrathiafulvalene (TTF) (Figure 1) is organosulfur compound of great importance
for the development of “molecular metals”, non-metallic materials that are known as
organic conductors and superconductors because they show high electrical conductivity [1].
Tetrathiafulvalene molecule is very important constituent in supramolecular chemistry, in
crystal engineering, but also in systems that are able to function as molecular machines. Its
high electron donor abilities enable it to form charge-transfer salts with good electron
acceptors, mainly by forming parallel interactions, both as neutral molecules (TTF) and
radical cations [TTF]". Those interactions are responsible for physical properties of these

materials.
S S
]
S S

Figure 1. Tetrathiafulvalene structure

In this work, interactions between two parallel unsubstituted TTF molecules were
investigated using statistical analysis of data obtained by searching the Cambridge
Structural DataBase (CSD) and DFT-D3 calculations. Results of analysis of contacts found
in the CSD show that TTF molecules in crystal structures tend towards the formation of
parallel interactions. In most of the contacts molecules have slipped geometry along the
long C, axis of the one molecule with the offset value of 1.5 to 2.0 A. In order to estimate
interaction energies between two neutral molecules, as well as optimal values of offsets and
normal distances at which they occur, we performed quantum chemical calculations at
B2PLYP-D3/6-311++G** and MO06L-D3/6-311++G** levels of theory. The calculations
are in good agreement with crystallographic data. The most stable interaction corresponds
to the most frequent geometry which is found by searching CSD and has the energy value
of -9.27 kcal/mol.

[1] L. E. Smart, E. A. Moore, Solid State Chemistry: An Introduction, CRC Press, Boca
Raton (2012).
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VY oBOM pajy mpuKa3aHa je CHHTe3a, KapaKTepH3alija U KpUCTallHa CTPYKTypa KOMILICKCa
Ru(Il) ca 5-MeTnnamuHo-3-UpoIUANH-1-1-130THA3051-4-KapOOHUTPUIIOM
(5-MAPYCN-ITZ) xao muraugom (Cnuka 1). Kommiekc je 100HjeH y CHHTE3H
[(p-tumen)RUCly]; u 5-MAPYCN-ITZ nurannma pediaykroBameMm 2 carta Ha TeMIEpaTypH
ox 100 °C y Tomyony [1]. Hapanmacti kpucranu nodujeHH cy w3 ermi-anerara. Caka
acuMeTpudHa jexuHnna jeauumane hemmje [Ru(y®-p-mmmen)Cly(5-MAPYCN-ITZ)]H,0
CacTojH ce OX JBE MOJIEKYICKe KOMIOHeHTe: HeyrpamHor [Ru(r®-p-rmmen)Cly(5-
MAPYCN-ITZ)]H,O xommiekca W coOJBaTHOI MoJieKyida Boje. Kapakrepusaimja
noGujeHor KoMIUiekca m3spireHa je cumMameM IR, 'HNMR i *CNMR cnekrapa, kao u
PEHATEHCKOM CTPYKTypHOM aHanu3oM. [lopehemem IR cnekTapa nuranja v CHHTETUCAHOT
KOMILTeKca youaBa ce momepame 3a 35,47 cm” y C=N o6nactu (2199,27 (miranm) —
2234,74 (xomruiekc)). Ha ocHOBY criekrapa u ypal)eHe peHAre€HCKE CTPYKTYpHE aHajn3e
3aKJby4yjeMO Jia je JIMraHj KOOpJIMHOBaH 3a MeTan RU u3 Ru-p-ummeHa mpeko a3oTa Kao
noHopekor aroma -C=N rpyme.

Kpucranorpadcku nopany: KpUCTalHU CHCTEM - TPUKIMHUYHM, NpOCcTOpHa rpyma P-1,
a = 8,4982(4), b = 10,1230(5), ¢ = 14,0942(5) A, a = 102,726(3)°, p = 94,308(3)°,
vy =102,265(4)°, V = 1146,21(9) AS, Z=2,p=15429(1) mg/m®, = 1,025 mm™. Konauna
BpenHocT R daktopa je 3,31% 3a 4007 He3aBucHuX pediekcuja u 289 mapamerapa.

Cruxa 1. Acumerpuuna jexunnua [Ru(n®-p-mmen)Cly(5-MAPYCN-I1TZ)]'H,0 kommiekca

[1] C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Sava and P. J. Dyson, Journal
of Medicinal Chemistry 49 (2006) 5552-5561.
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This paper describes the synthesis, characterization and crystal structure of the complex Ru
(1) with 5-(methylamino)-3-pyrrolidin-1-ylisothiazole-4-carbonitrile (5-MAPYCN-ITZ) as
a ligand (Figure 1). The complex was successfully obtained in the synthesis of
[(p-cymene)RuCl,], and 5-MAPYCN-ITZ ligand. The resulting mixture was heated to
reflux for 2 h on 100 °C in toluene [1]. The orange crystals were obtained from the ethyl
acetate. Each asymmetric unit of [Ru(;°-p-cymene)Cl,(5-MAPYCN-1TZ)]'H,O unit cell
consisted of two moieties: a neutral [Ru(;;°-p-cymene)Cl,(5-MAPYCN-I1TZ)]H,0 complex
and a solvate water molecule. Characterization of the complex was performed by IR,
'HNMR, *CNMR and X-ray analyzes. Comparing the IR spectra of ligand and obtained
complex it was observed the movement of 35.47 cm™ in the region of the C=N stretching
modes (2199.27 (L) — 2234.74 (C)). On the basis of the spectra and X-ray results we
concluded that the ligand is coordinated to the Ru metal from Ru-p-cymene via nitrogen as
the donor atom of -C=N group.

Crystal data: triclinic, space group P-1, a = 8.4982(4), b = 10.1230(5), ¢ = 14.0942(5) A,
a = 102.726(3)°, B = 94.308(3)°, y = 102.265(4)°, V = 1146.21(9) AS, zZ = 2,
p = 1.5429(1) mg/m®, = 1.025 mm™. The final R factor is 3.31% for 4007 independent
reflections and 289 parameters.

Figure 1. The asymmetric unit of [Ru(#®-p-cymene)Cl,(5-MAPYCN-ITZ)]H,0 complex

[1] C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Sava and P. J. Dyson, Journal
of Medicinal Chemistry 49 (2006) 5552-5561.
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U prethodnom radu [1] opisali smo model vazdu$no hladene cevi sa nizom
pokretnih sfera (,kristalizaciona reSetka-most”) koja je instalirana u laboratorijskoj
cilindri¢noj pe¢i, sa ciljem da se regulisu frontovi i brzine kristalizacije u kolonama tiglova.
Ovde smo opisali poboljsanje unutrasnjosti hladnjaka, tj. vazdusno hladene nazubljene cevi
(,.kristalizaciona klupa™) (sl. 1). Hladnjak omogucava laku regulaciju i simultane testove
razli¢itih kristalizacionih parametara i kristalizacije supstanci u laboratorijskim pe¢ima.

00 00, _ 00 006 0
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Slika 1. Kristalizaciona klupa u cilindri¢noj peci: (1) laboratorijska cilindri¢na pe¢, (2)
vazdu$no hladena cev (,,kristalizaciona klupa™), (3) hladni ,,pragovi”, (4) grupa Tamanovih
test epruveta [2], (5) klizajuce Sine, (6) pokretni hladni ¢epovi i (7) tigl.

Interval brzine kristalizacije u svakoj Tamanovoj test epruveti i tiglu regulisan je
pomocu popreénog preseka vazdusne struje a. Interval brzine kristalizacije u svakom tiglu
moze takode da bude regulisan pomocu visine ¢epa b. Gradijent temperature regulisan je
pomocu rastojanja izmedu klupe i zida peci . Izvedene su i numericki analizirane relacije
izmedu brzine kristalizacije i parametara vazdusno hladene cevi.

[1] B. Cabri¢, N. Danilovicc, J. Appl. Cryst. 42 (2009) 545.
[2] K.-T. Vilke, Virashchivanie kristallov, Nedra, Leningrad, 1977; K.-Th.Wilke, J. Bohm,
Kristallziichtung,Verlag Harri Deutch, Thun Frankfurt/Main,1988.
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In previous paper [1] we have described a model of an air cooled tube with string
of movable spheres (“crystallization lattice bridge") installed in a laboratory tube furnace,
with the aim of regulating the crystallization fronts and rates in columns of crucibles. Here
we describe the improvement of the interior of the cooler, i.e. an air-cooled toothed tube
("crystallization bench™) (Fig. 1). The cooler allows easy regulation and simultaneous tests
of different crystallization parameters and crystallization of substances in laboratory
furnaces.
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Figure 1. Crystallization bench in a tube furnace: (1) laboratory tube furnace, (2) air cooled
tube (“crystallization bench™), (3) cold " thresholds", (4) group of Tamman test tubes [2],
(5) slide bar, (6) movable cold plugs and (7) crucible.

The crystallization rate interval in each Tamman test tube and crucible is regulated
by the cross section of the airflow a. The crystallization rate interval in each crucible can
also be regulated by the plug height b. The temperature gradient is regulated by the distance
between bench and wall of the furnace c. The relationships between the crystallization rate
and parameters of air-cooled tube are derived and numerically analyzed.

[1] B. Cabri¢, N. Danilovi¢, J. Appl. Cryst. 42 (2009) 545.

[2] K.-T. Vilke, Virashchivanie kristallov, Nedra, Leningrad, 1977; K.-Th.Wilke, J. Bohm,
Kristallziichtung,Verlag Harri Deutch, Thun Frankfurt/Main,1988.
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C-H/O wuHTepakuuje TMpeacTaBibajy ciabe BOJOHHYHE Be3e Koje CTaOWim3yjy
CTPYKTYpY NPOTEHHa, TJie YuHe A0 25% oj yKymHOr Opoja OTKPHBEHHX BOJOHMYHHX Be3a
[1]. ¥V wnammMm mnperxogHuM — pagoBuma mnokazamu cmMo na C-H/O wuHTepakuuje
apomaTnyanx C—H noHopa He MOKasyjy TeXmby Ka JIMHEApHHM KOHTaKTHMa, Kao W Ja
enepruja C—H/O wuntepakuja apomaruunux C—H moHopa 3aBucH 07 THIa atoMa HIH
rpyrne y opmo-nojoxajy y ogHocy Ha unteparyjyhy C—H rpymy [2,3].

A /’

VY oBom pamy, C—H/O untepakimje apomatnunux C—H moHopa y mporemHHMa
UCIIUTHBAHE Cy aHanu3oM nojaraka y [Iporennckoj 6anum noparaka (PDB). McniutruBane
cy C-H/O wunrepakuuje usmel)y apomartuuHux [goHOpa ((peHWIanaHWHA, THPO3WHA U
TpuntodaHa) u akmenTopa (ANTKOXOJHE, aMHIHEe W KapOoHmiHe rpyne). Anammza C-H-O
yria ykasyje aa nporenHckrn C—H noHopu He Nokasyjy TeXmby Ka JIMHEapHUM KOHTAaKTHMA.
Hako Hema Texme ka juHeapHuum C—-H/O wunrepakuumjama, camo oko 3% C-H/O
uHTepakuuja je Oudypkosano. lame, ananuza C—H/O uHTepakuuja ykasyje Ha yTHIA]
CHUMYJTAaHUX KJIACMYHHMX BOJOHHUYHHMX Be3a, MOCEOHO Yy CHCTEMHUMa Ca THPO3HHOM.
XUIPOKCHIIHA Tpyla apoMaTHYHOr IPCTeHAa THUPO3MHA Wrpa BakHy yJjory rpajaehu
CHMyiTaHe KiacudHe BomoHWuHe Besde ymopeno ca C—H/O wunrepakumjama y opmo
MOJIOKAJy Y OJJHOCY Ha cynctutryeHT. OBH pe3ynratd MOry OMTH Ba)XKHU 3a MPENO3HABAHE
C-H/O wunTepakiuja apOMaTHYHHUX MPCTEHOBA y KPUCTATHAM CTPYKTypama MPOTEHYKHX
cHucTeMa.

[1] H. Park, J. Yoon, C. Seok, J. Phys. Chem. B, 112 (3) (2008) 1041-1048.

[2] D. Z. Veljkovi¢, G. V. Janji¢ and S. D. Zari¢, CrystEngComm, 13 (2011) 5005-5010.
[3]J. Lj. Dragelj, G. V. Janji¢, D. Z. Veljkovi¢, S. D. Zarié, CrystEngComm, 15 (2013)
10481-10489.
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C-H/O interactions represent weak hydrogen bonds that stabilize protein
structures where they contribute up to 25% among the total number of detected hydrogen
bonds [1]. In our previous work, we showed that C—H/O interactions do not show strong
preference for linear contacts and that the energy of C-H/O interactions of aromatic C—H
donors depends on the type of atom or group in ortho-position to the interacting C—H group
[2,3].

In this work, C-H/O interactions of aromatic C—H donors within proteins have
been studied by analyzing the data in the Protein Data Bank (PDB). The C-H/O
interactions were studied between aromatic donors (phenylalanine, tyrosine and tryptophan)
and acceptors (alcohol, amide and carbonyl group). The analysis of the C-H-O angle
indicates that protein C—H donors do not show preference for linear contacts. Although
there is no tendency for linear C—H/O interactions, only around 3% of C-H/O interactions
are bifurcated. Furthermore, the analyses of C—H/O interactions indicate the influence of
simultaneous classical hydrogen bonds, especially for tyrosine systems. The hydroxyl
group of aromatic ring of tyrosine plays an important role by forming simultaneous
classical hydrogen bond along with C—H/O interaction in ortho position to the substituent.
These results can be important for recognizing C—H/Q interactions of aromatic rings in the
crystal structures of proteic systems.

[1] H. Park, J. Yoon, C. Seok, J. Phys. Chem. B, 112 (3) (2008) 1041-1048.

[2] D. Z. Veljkovi¢, G. V. Janji¢ and S. D. Zari¢, CrystEngComm, 13 (2011) 5005-5010.
[3]J. Lj. Dragelj, G. V. Janji¢, D. Z. Veljkovi¢, S. D. Zari¢, CrystEngComm, 15 (2013)
10481-10489.
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U ovom radu sintetisana su dva kvadratno-planarna kompleksa Ni(ll) sa
kondenzacionim proizvodom 2-(difenilfosfino)benzaldehida i Zirarovog T reagensa i
razli¢itim monodentatima (hloridom i cijanatom), a strukture ovih kompleksa su odredene
rendgenskom strukturnom analizom. Osnovni kristalografski podaci za hlorido kompleks,
[NIiLCI]BF,, odnosno izocijanato kompleks, [NiL(NCO)]BF, dati su redom: formula
C,4H26BCIF,N3NIiOP, M, = 584,42, veli¢ina kristala 0,50 x 0,30 x 0,20 mm, monoklini¢ni
kristalni sistem, prostorna grupa C2/c, a = 26,6563(18), b = 10,4868(3), ¢ = 25,6357(17) A,
f = 123,101(9)°, V = 6003,2(6) A’, Z = 8, p, = 1,293 g cm®, utadnjavanje sa F? (331
parametar i 6878 nezavisnih refleksija) dalo je R[F>>20(F?)] = 0,0598, WR,(F?) = 0,2088,
S = 1,052; formula Co5HsBF4sN4NIO,P, M, = 590,99, veli¢ina kristala 0,40 x 0,30 x 0,10
mm, rombican kristalni sistem, prostorna grupa Pbca, a = 12,5489(2), b = 15,1189(2),
c= 27,5476(4) A, V = 5226,48(13) A% Z = 8, p, = 1,502 g cm™®, utagnjavanje sa F? (349
parametara i 5987 nezavisnih refleksija) dalo je R[F>2o(F?)] = 0,0379, WR,(F?) = 0,1050,
S=1,031.

Molekulske strukture Ni(ll) kompleksa prikazane su na slici 1.
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Slika 1. Molekulske strukture kompleksa [NiLCI]" (a) i [NiL(NCO)]" (b)
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In the present paper two square-planar Ni(ll) complexes with condensation
product of 2-(diphenylphosphino)benzaldehyde and Girard’s T reagent and different
monodentates (chloride and cyanate) were synthesized and both structures were
determined by X-ray crystal analysis. The main crystallographic data for chlorido,
[NIiLCI|BF4, and isocyanato complex, [NiL(NCO)]BF,, respectively, are as follows:
formula C,4H,¢BCIF4NsNiOP, M, = 584.42, crystal size 0.50 x 0.30 x 0.20 mm,
monoclinic crystal system, space group C2/c, a = 26.6563(18), b = 10.4868(3), ¢ =
25.6357(17) ,
f = 123.101(9)°, V = 6003.2(6) A®, Z = 8, p, = 1.293 g cm®, refinement on F? (331
parameters and 6878 independent reflections) yielded R[F*> 26(F?)] = 0.0598, WR,(F?) =
0.2088, S = 1.052; formula CysH,sBF4N4NiO,P, M, = 590.99, crystal size 0.40x 0.30x 0.10
mm, orthorhombic crystal system, space group Pbca, a = 12.5489(2), b = 15.1189(2),
c = 27.5476(4) A, V = 5226.48(13) A%, Z = 8, p, = 1.502 g cm >, refinement on F? (349
parameters and 5987 independent reflections) vyielded R[F?> 20(F%)] = 0.0379,
WR,(F?) = 0.1050, S = 1.031.

Molecular structures of Ni(Il) complexes are given in Figure 1.

(@) (b)

Figure 1. Molecular structures of complexes [NiLCI]* (a) i [NiL(NCO)]" (b)
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Hogo jemumeme, SrNiy(AsO,),(H,20),, mo6ujeHo je XuApOTepMaTHOM CUHTE30M
u3 cmemie Sr(NOs),, Ni(OH),, As,Os u pmectunoBane Boje. KpucramHa cTpykrypa
onpeljeHa je metooM peHareHcke nudpaxuuje Ha monokpucrany (CCD aerextop, MoKa
spaueme, 290 K, O = 30,50 °). YrtaumaBamem 46 napamerapa mobujeHe cy cienche
BpenHocTH R — dpaxropa: R; = 0,0369, wR, = 0,0626 3a cBe 642 pednexcuje u Ry = 0,0292
3a 563 peduekcuje ca | > 20(l). Kpucmanoepagcrxu nooayu: a = 9,1729(18), b =
6,2025(12), ¢ = 7,562(3) A, = 114,41(2), V = 391,76(17) A%, z = 2.

SrNiz(AsOg)2(H,0), kpucranmine y MOHOKIHHUYHO]j TpocTopHoj rpymu C2/m.
UnaH je rpyme mymKoputa (jexumera ommre popmyie M12(M2%3%),(X0,)2(H,0,0H);
M1 = Na, Ca, Sr, Pb, Bi; M2 = Al, Mn**, Fe**, Co, Ni, Cu, Zn; u X = P, S, V, As, Se [1].
CTpykTypa jequmbeba je THIICKAa CTpyKTypa rpyme iymkopura (C2/m, Z = 2) kojy cy npBu
onpemmmn Tunmanc u 'ebept [2]. Jlo cama cy mo3HaTe Tpu pa3nuuuTe jequHuYHE henwje
HIDKe cumetpuje [1].

Crpykrypa SrNiy(AsO,),(H,0), cactoju ce om [Ni(AsO,)(H,0)]™ cnojeBa koje
¢dopmupajy okraenpu NiO4(OH,), u terpaecapu AsSO, nenchu 3ajenHuuke HUBHIE U
porsseBe. CiojeBu cy mapanenHd ab-paBHu. V3mely cnojeBa Hamase ce aTtoMu
CTPOHLMjyMa KOjH Cy KOODAMHHCAHH Ca oOcaM KHCEOHHKA CpelImber MeljyaToMcKor
pacrojama <Sr-O> ox 2,69(2) A. IMocroju mect xpahux Sr—O Besa ox 2,574(3) (x4) n
2,616(5) (x2) u ase myxe Bese ox 2,977(4) A. KoopauHaimony mommesap je ABOCTPYKO
kpynucanu okraemap. Oxraeapu NiO4(OH,), cy 6Gmaro mepopMucand ca MPOCEYHUM
pactojamem <Ni—O> ox 2,0625(2) A mrro je y carmacnoctu ca Bpensomhy 2,07 koja je
u3padyHata u3 cyme eekTHBHUX joHCKHX pamujyca [3]. [lojenunaune myxune As—O Besa
Bapupajy ox 1,671(4) no 1,704(4) A.

VY OBOM jenumemy MOCTOje JBE BOJOHHYHE Be3e KOje Cy PasIMYUTUX IyKUHA!
O1-H1---O4 je 2,586 n O1-H2---01 je 2,954 A.

Aymopu ce 3axeamyjy Aycmpujckoj nayunoj gonoayuju (FWF) (V203-N19) u
Munucmapcemsy npoceeme, nayke u mexnonowkoz paszsoja Bnade Penybnuxe Cpbuje
(11145007) 3a ¢punancujcky noopwxy.

[1] T. Mihajlovi¢ and H. Effenberger, Min. Mag. 68 (2004) 757-767.

[2] E. Tillmanns and W. Gebert, Acta Cryst. B29 (1973) 2789-2794.
[3] R. D. Shannon, Acta Cryst. A32 (1976) 751-767.
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The new compound SrNi,(AsO,),(H,O), was synthesized under hydrothermal
conditions from a mixture of Sr(NOs),, Ni(OH),, As,Os and distilled water. Its crystal
structure was solved using single-crystal X-ray diffraction data (CCD detector, MoKa
radiation, 290 K, Omax = 30.50 °). The refinement on F ? with 46 parameters and 642 unique
reflections yielded R; = 0.0369, wR, = 0.0626, and R; = 0.0292 for 563 observed
reflections with 1 > 24(1). Crystal data: a = 9.1729(18), b = 6.2025(12), ¢ = 7.562(3) A,
=114.41(2), V = 391.76(17) A,z = 2.

SrNi»(AsOg4),(H,0), crystallizes in the monoclinic space group C2/m. It
represents the member of the tsumcorite group (compounds with the general formula
M1%*(M22+3%),(X04),(H,0,0H),; M1 = Na, Ca, Sr, Pb, Bi; M2 = Al, Mn**, Fe**, Co, Ni,
Cu, Zn; and X = P, S, V, As, Se [1]. Its crystal structure belongs to the parental
(tsumcurite) structure type of the tsumcorite group (C2/m, Z = 2), defined by Tillmanns
and Gebert [2]. Three different unit cells with lower symmetry are known so far [1].

The structure of SrNi,(AsO,),(H,0), consists of [Ni(AsO,4)(H,0)] layers parallel
to the ab-plane, which are formed by the NiO4(OH,), octahedra and AsO, tetrahedra via
shared edges and corners. Between these layers are situated Sr atoms which are
coordinated with eight (6+2) oxygen atoms (average <Sr—O> bond length 2.69(2) A).
There are six shorter Sr—O bonds of 2.574(3) (x4) and 2.616(5) (x2) and two longer bonds
of 2.977(4) A. The coordination polyhedron is dicapped octahedron. The NiO,(OH,),
octahedra are slightly deformed with the average <Ni—O> distance of 2.0625(2) A, which
is in agreement with the value of 2.07 calculated from the sum of effective ionic radii [3].
The individual As—O bond lengths vary from 1.671(4) to 1.704(4) A.

In the title compound the two hydrogen bonds are of different lengths:
O1-H1.--O4 is 2.586 and O1-H2---O1 is 2.954 A

The authors gratefully acknowledge financial support by the Austrian Science
Foundation (FWF) (Grant V203-N19) and the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Grant 11145007).
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Y OKBHpPY CHCTEMAaTCKOI' IpOy4YaBama KOMIUIEKCHHX OCOOHMHA MOJIEKyJia HHpa3ola,
woBu  guHykieapuun  komuiekC  [Cuy(C4HN30,4),(H20)6]-2H,0, ca  4-autpo-3-
-TUPa30IKapOOKCHIATHAM — JuaHjoHoM  (pz)
2 e e J00HMjeH je CHOpPUM HCTapaBameM ETaHOJNCKOT
<& 3 % ; _.« pacTBopa 4-HUTPO-3HPa30IKAPOOKCUITHE
=0 s kucenune u CU(OAC), y Mosckom omHocy 1:2.
[MaxybnMBO onabpaHW KPHUCTAIH HCIHUTaHU CY
METOJIOM  pCHAreHcke  audpakumje  Ha
moHokpucrany (200 K, Tamacha  myxuHa
MoKoa—3padema, 26« = 60°) u uadpamnpseHoM
(IC) cnexrpockomnujom. [Cu,(C4HN30,),(H20)6]
2H,O0  xpucrammme = MOHOKIMHHYHO, Y
npocroproj Tpymn P2;/n (a=10,181(2) A,
b = 6,4474(13) A ¢ =14,451(3) A,
, B=9335(3)°, V=9469(3) A3 Z=4,
F(000) =588, py =2, 039 g cm™). Vraunasmem 146 mapamerpa nobujene cy cienehe R-
Bpennoctu: Ry = 0,0293, wR, =0,0757, S =1,097, u R; = 0,0268 3a 2880 pedekcuja ca |
>20(l).

Bakap(ll) ce Hanasu y 4+2 xoopauHanuju (Buau ciuky) u Gopmupa KOOpAUHAIIMOHH
HoJiMe1ap KOju ce MOJXKE ONHUCATH Kao BeoMa JieopMucaHu oKTaenap, 30or Jan-TenepoBor
epekra ayx O6-Cu-O7. TpomumeH3MOHaJIHa CTPYKTypa HACTaje HHTEPMOJIEKYJICKHM
BOJIOHMYHHMM Be3ama u3mel)y HekoopauHupanux aroma kuceonrnka u3 COO- u NO,-rpymna
pz gwWraEmza W MOJEKyJda BoAe KpucTtamHe pemietke. Pacrojame Cu-Cu y
LIEHTPOCHMETPHYHO] JMHYyKIeapHoj jemuukn wm3Hocm 3,903 A, mro je mpemyrauko
pacTojame 3a MarHeTHe HHTepaKimje. Y crektpanHoM omcery msmely 3600 u 2800 cm™,

opojue IC Tpake moTBplyjy MPHUCYCTBO AEBET CPEOHE jaKUX IO CIA0MX BOJOHHYHHX Be3a
(0---0=2.707(2) no 3.111(2) A).

Aymopu 3axsanyjy Ayempujckoj acenyuju 3a pazmeny cmyoenama (OAD) u Aycmpujcrom
Munucmapcmey Hayxe u Exonomuje (BMWFW) (Buramepannu npojexam ca Lpnom
Topom 2013-14,6p. ME05/2013).
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As part of a systematic study on complexing properties of pyrazolyl molecules, a new
dinuclear complex  [Cu,(C4HN30,),(H,0)¢]-2H,O,  containing  the  4-nitro-3-
-pyrazolecarboxylate  dianion  (pz)  was
) o g synthesized by slow evaporation from an ethanol
3 ; solution of 4-nitro-3-pyrazolecarboxylic acid and
Cu(OAc), in mole ratio 1:2. Carefully selected
crystals were investigated by means of single-
_ 3 crystal X-ray diffraction (200 K, MoKa-
@ ® . .\ s, radiation, 26, = 60°) and infrared spectroscopy
@ ... s. (IR). The title compound crystallizes in space
group P2:/n, with unit cell parameters of
a = 10181(2) A, b = 6.4474(13) A,
& =0, ¢ =14.451(3) A, £ =93.35(3)°, V = 946.9(3) A3,
§ Z = 4, F(000) = 588, p, = 2.039 g cm™>. The
9. refinement on F? (146 parameters) yielded
R; = 0.0293, wR, = 0.0757, S = 1.097 for all data, and R; = 0.0268 for 2880 observed
reflections with | > 2o(1).

Cu(Il) atoms are in a 4+2 environment (Figure) which can be described as extremely
distorted octahedron along O6—-Cu—-07, due to the Jan-Teller effect. A three-dimensional
framework is governed by intermolecular hydrogen bonds between uncoordinated O atoms
of COO and NO, groups from pz and lattice water molecules. The Cu-Cu distance in a
centrosymmetric dinuclear unit is 3.903 A, which is apparently too long for magnetic
coupling. Numerous IR bands found in the wavenumber region between 3600 and
2800 cm™ confirmed the presence of nine medium to weak hydrogen bonds (O---O =
2.707(2) t0 3.111(2) A).
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