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MAGNETOSTRUCTURAL CORRELATIONS IN TRANSITION
METAL COMPLEXES AND MAGNETIC NANOPARTICLES

Z. Jagliti¢ *°, V. Kusigerski , M. Boskovi¢ ¢

“ Institute of Mathematics, Physics and Mechanics, Jadranska ulica 19, Ljubljana, Slove-
nia; ” Faculty of Civil and Geodetic Engineering, University of Ljubljana, Jamova cesta
2, Ljubljana, Slovenia, ¢ The Vinca Institute, University of Belgrade, Belgrade, Serbia
e-mail: zvonko.jaglicic@imfm.si

The analysis and understating of magnetostructural correlations are a prerequisite for
a synthesis of materials with prescribed magnetic properties. And vice versa: understand-
ing magnetostructural correlations enables a better insight into the structure and chemical
bonds of the material for which the magnetic properties were previously experimentally
determined.

Experimental procedure for the determination of temperature and magnetic field de-
pendence of magnetic properties of solids on a Quantum Design MPMS magnetometer
will be briefly described.

Transition metal complexes are one of the most studied materials for analysis of mag-
netostructural correlations due to their relatively simple magnetic structure with only few
magnetic ions in a unit cell, while the units are well separated by non-magnetic ions. In
this way the magnetic interactions are restricted to a unit cell (intramolecular interac-
tions), while interaction between magnetic ions from different units (intermolecular inter-
actions) are usually negligible.

Through the examples, we will describe magnetic properties of a simple mononuclear
units with different transition metal ions [1], a low spin — high spin transition of Ni(II)
ions in a nickel complex [2] as shown in Fig. 1, and selected polynuclear complexes,
where intramolecular interactions need to be taken into account in order to adequately
describe their magnetic properties [3,4].

A temperature dependent susceptibility y(7) of a complex composed of dinuclear
Cu(I) units (Bleaney-Bower equation) will be compare to a structurally similar complex
with Cu(Il) ions arranged in the chains (Bonner-Fisher model) [5].

Magnetic properties of magnetic nanoparticles are strongly influenced by the size dis-
tribution of the investigated nanoparticles [6]. We have developed a Monte Carlo method
for calculation of nanoparticles’ size distribution from the measured isothermal magneti-
zation curves M(H) above the blocking temperature where the nanoparticles are in a su-
perparamagnetic regime.
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Figure 1. When 1 (Ni(12aneS,)(BF,),) absorbs water from air the near square-planar coordination
of Ni(IT) with low spin changes to 1+H,0 with high spin Ni(II) in octahedral geometry. The change
in magnetic properties is accompanied by a change of colour from deep purple into light blue. The
process is reversible [2].

[117J. Rogan, D. Poleti, L. Karanovi¢, Z. Jagli¢i¢, J. Mol. Struct., 985 (2011) 371-379.

[2] AJ. Churchard, M. Derzsi, Z. Jagli¢i¢, A. Remhof, W. Grochala, Dalton Trans., 41
(2012) 5172-5176.

[3] L.L. Han, S.N. Wang, Z. Jagli¢i¢, S.Y. Zeng, J. Zheng, Z.H. Li, J.S. Chena, D. Sun,
CrysEngComm, 17 (2015) 1405-1415.

[4] M. Dakovi¢, Z. Jagli¢i¢, B. Kozlev¢ar, Z. Popovi¢, Polyhedron, 29 (2010)
1910-1917.

[5] B. Kozlevcar, N. Kitanovski, Z. Jagli¢i¢, N.A.G. Bandeira, V. Robert, B.L. Guennie,
P. Gomez, Inorg. Chem., 51 (2012) 3094-3102.

[6] M. Tadi¢, D. Markovi¢, V. Spasojevi¢, V. Kusigerski, M. Remskar, J. Pirnat, Z.
Jagli¢i¢, J. Alloy Compd., 441 (2007) 291-296.
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MHUHEPAJIOIIKA KPUCTAJIOTPA®UJA, BULLIE O/l HOBUX
MMHEPAJIA
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Yuueepzumem y Unucopyxy, Uncmumym 3a munepanozujy u nempozpagujy, Aycmpuja
e-mail: biljana.krueger@uibk.ac.at

Musepaiolka kpucranorpaduja ce 6asu, u3melhy ocTanor, CTpyKTypHOM aHAIIU30M
MHUHEpaja U HBUXOBUX CHHTETHYKHUX aHayora. OHM NOKa3yjy MMIIPECHBHY Pa3HOJIMKOCT
KPHCTATHUX CTPYKTypa M OcoOMHAa. BakaH 1e0 UcTpaxuBama je uacHTU(UKANWja U
KapakTepu3aldja HOBHX MHHEpaia, OJl KOjUX CBake rojuHe Oyae ommcaHo oko 150.
CaBpemene Mmetone oMoryhaBajy Ja ce M HajMamd KPUCTAJIM MOTY KOPHCTHUTH 32
CTPYKTYpHY aHanu3y. [lo3HaBame KpHCTaJHE CTPYKType je OCHOBa 3a pa3yMeBame
GM3HYKKIX U XeMHjcKa ocoOMHa MuHepana. HoBM MUHEpaiu Cy 4ecTO BeoMa BaXKHH 3a
pasyMeBame KOMIDIEKCHUX Ipoleca GopMupama cTeHa. MHOTH MOJIEPHH MaTepHjaiu cy
CTPYKTYpHO H3BelleHHW W3 MuHepana. Takole, CTpyKType HOBHX MHUHEpana MOTry OUTH
MHTEpECaHTHEe Kao MOTEHIMjaHM MPOTOTHIIOBU 3a HOBe (YHKIMOHAIHE MaTepujaje.
Crora je wMwuHepasomKka Kpucranorpaduja WHTEpIUCLUUIUIMHApDHA Hayka wu3Mely
TeoJIoTHuje, HayKe 0 MaTepHjalnuMa, XeMHje 1 (U3uKe.

Pa3HOIUKOCT CTPYKTypa MUHEpaia je 100po MpeNCcTaB/beHa Y HHTSPKATUCAHNM (MK
CJIIOMJbEHHMM) aHTHUIIEPOBCKUTHMA apKTUT cyneprpyne [1]. OBa cymeprpyna koMOuHyje
CHJIMKaTHE MHHepaje Tpyne HabuMycanTa U 3a10BuTa. Llemy cyneprpyiy KapakTepHIry
MOAyJapHe CTPYKType Koje capiKe jeIHOCTpyKe aHTHIIEPOBCKHUTIIKE CJIOjeBE cacTaBa
{[WBs](TO4),}, TpocTpyKe aHTHIIEPOBCKHUTCKE ciiojeBe {[W3B1,](7T04)4} 1 TeTpacmapcke
ciojeBe A(7T0,),, tne je A =Ba, K,...; B=Ca,Na...; T=Si,P, B>, C* Al...:B=
0%, F. Jemunuie ommcaHe Kao CIOjeBH MOTy ce Takohe O3HAYMTH K40 MOLYJIH
kopucTtehu MoyJIapHy Kiacupukanujy [2].

Moje mpenaBame je KpaTKO MPENCTaBbabe MUHEPANOUIKEe KpHcTajorpaduje, ca
mpuMepuMa W3 Ppa3IMuUTHX O0NAacTH, YKJbYydyjyhw aHanmm3e HOBHX MHHepaia,
MHTEPAUCHUIUIMHAPHE METOJe M HbHXOBe mpuMmeHe. IlocebaH akueHat Ouhe nat
mudpakuju Ha MOHOKPHUCTAy, Tj. CSKCIHePHUMEHTHMa Ha CHHXPOTPOHY, PaMaHCKOj
CMEKTPOCKOIHjU U KBAJIUTATHBHOM MOJICTIOBalbY Heypel)eHuX CTpyKTypa.

[1] E.V. Galuskin, I.O. Galuskina, B. Kriiger, H. Kriiger, Abstr. XXII Meet. Int. Mineral.
Assoc., 13—17 August 2018, Melbourne, Australia, 523-524.

[2] G. Ferraris, E. Makovicky, S. Merlino (2004) Crystallography of Modular Materials.
New York: Oxford University Press Inc.
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CRYSTALLOGRAPHY BEYOND NEW MINERALS

B. Kriiger
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e-mail: biljana.krueger@uibk.ac.at

Mineralogical crystallography, among other things, deals with the structural analysis
of minerals and their synthetic analogues. These show an impressive variety of crystal
structures and related properties. An important part of this is also the identification and
characterization of new minerals, of which about 150 are described annually worldwide.
With modern methods even the smallest crystals can be used for structural analysis. The
knowledge of the atomic structure is the basis on which the physical and chemical prop-
erties of the minerals can be understood. New minerals are often important pieces of the
puzzle in understanding complex rock formation processes. Many modern crystalline
functional materials are structurally derived from minerals. Also, the structures of new
minerals may be interesting as potential prototypes for new functional materials. Thus,
mineralogical crystallography is an interdisciplinary science between geology, material
science, chemistry and physics. The diversity of the structures in minerals is well repre-
sented in the intercalated (or broken) antiperovskites of the arctite supergroup [1 and
references therein]. This supergroup combines silicate minerals of the nabimusaite group
and zadovite group. The entire supergroup is characterized by modular structures contain-
ing single antiperovskite (sAP) layers of composition {[WBs](TO4),}, triple antiperov-
skite (tAP) layers {[W3B,](TO4)4}, and tetrahedral (7) layers 4(70,),, where 4 = Ba, K,
Sr...;:B=Ca,Na...;T=Si,P, V¥ S Al...; W=0", F. The units addressed as
layers above may also be denoted as modules using a modular classification [2].

My talk is a brief exploration of the world of mineralogical crystallography, with ex-
amples from a variety of fields including: new mineral analysis, applications, interdisci-
plinary cooperation, and advanced methods. Special emphasis will be dedicated to the
methods of structural investigation: single-crystal synchrotron radiation diffraction exper-
iments, micro-Raman spectroscopy, and qualitative modelling of disorder.

[1] E.V. Galuskin, I.O. Galuskina, B. Kriiger, H. Kriiger, Abstr. XXII Meet. Int. Mineral.
Assoc., 13—17 August 2018, Melbourne, Australia, 523-524.

[2] G. Ferraris, E. Makovicky, S. Merlino (2004) Crystallography of Modular Materials.
New York: Oxford University Press Inc.
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IN-SITU STUDY OF THE OXYGEN-INDUCED
TRANSFORMATION OF PYROCHLORE Ce;Zr,07.x TO THE
k-CeZr,0s PHASE, AN IMPORTANT FEATURE FOR THE
APPLICATION IN THREE-WAY CATALYSTS

L Djerdj * S. Urban ", P. Dolcet ¢, L. Chen ®, M. Méller *, O. Khalid °, H. Camuka °,
R. Ellinghaus *, C. Li ", S. Gross ¢, P. J. Klar ¢, B. Smarsly ”, H. Over "

“ Department of Chemistry, Josip Juraj Strossmayer University of Osijek, Cara
Hadrijana 8/4, 31000 Osijek, Croatia; ” Physikalisch-Chemisches Institut, Justus-Liebig-
Universitdt, Heinrich-Buff-Ring 17, 35392 GiefSen, Germany; © Dipartimento di Scienze
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The temporary storage of oxygen in a solid catalyst is imperative for many important
industrial oxidation reactions in the gas phase, for instance the post-treatment of automo-
tive exhaust gas. Ceria possesses high OSC (oxygen storage capacity) which is a measure
of the oxygen quantity that material can store and release. This makes ceria suitable for
redox reactions which usually follow Mars-van Krevelen mechanism (surface oxygen
atoms directly involved in reactions). A peculiar mixed Ce-Zr (1:1) oxide, the ordered k-
Ce,Zr,04 phase, is a promising catalytic material exhibiting an extraordinarily high oxy-
gen storage capacity (OSC) and high thermal and chemical stability. We elucidate the
temperature-dependent transformation between the pyrochlore pyr-Ce,Zr,0;; and
x-Ce,Zr,0Og phase upon oxygen uptake by in-situ X-ray diffraction, X-ray absorption and
in-situ Raman spectroscopy, providing insights into the electronic and structural changes
on the atomic level, which are at the heart of the extraordinarily high OSC. We demon-
strate that the Ce®* concentration can be followed during transformation in-sifu by Raman
spectroscopy of the electronic spin flip in the f-shell of Ce**. The catalytic activity of the
k-Ce,Zr,Og phase has been investigated without an additional active component such as
Pt: While the high OSC of the kappa phase is beneficial for the oxidation of CO, the
oxidation of HCI turns out to be not affected by the high OSC. [1]

[1] S. Urban, I. Djerdj, P. Dolcet, L. Chen, M. Moller, O. Khalid, H. Camuka, R.
Ellinghaus, C. Li, S. Gross, P.J. Klar, B. Smarsly, H. Over, Chem. Mater., 29 (2017)
9218-9226.
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Figure 1: Structural transformation of pyr-Ce,Zr,0; (Ce;4Zr140s6, left) to the k-Ce,Zr,0Og
phase (Ce;4Zr16044, right).
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Cmyoenmerxu mpe, 12-16, 11000 Beozpao, Cpbéuja; ° Henapmman 3a xemujy, Texcac A&M
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Hamre uctpaxuBame ce 3aCHHMBA Ha aHAJIM3HU IOJaTaka y KPHCTAJIHUM CTPYKTypama
n3 KemOuuke 6aze crpykTypHux mnomataka (CSD) u Ha KBaHTHO XEMHjCKHM
npopauyHuma. AHanuza nogaraka u3 CSD-a omoryhasa fia ce rperno3Hajy UHTEpakuuje y
KPHCTaJIHUM CTPYKTypaMa U Jia ce OIMIIY reOMeTpHje OBHX MHTEpaKuuja, ToK momohy
KBAaHTHO-XEMH]jCKHX IIPOpadyHa MOXXEMO TIPOLICHUTH HHTEPAKIMOHE eHEepruje U mpoHahn
HajcTabunHuje reoMeTpHje uHTepakiuja. Kopucrehu oBy MeTononoryjy ycmenu cMo 1a
IPETIO3HaMO U OIHIIEMO HEKOINKO HOBHX THIIOBA HHTEPAKIIH]ja.

Hamre npoy4aBame HHTEepaKIyja INIaHApPHUX MeTall-XelaTHUX IPCTEHOBA II0Ka3alo je
MOTyhHOCT CTEKMHI MHTEpaKkl{ja ca OPraHCKUM apOMAaTHYHHM IIPCTEHOBUMA WU
uHTepakuyje u3Melhy aBa xenmaTHa mHpcTeHa. M3pauyHaTe eHepruje ykasyjy Ha jake
CTEKUHI' HHTEPAKIMje METal-XeaTHUX IPCTEHOBA; CTEKUHI METal-XENaTHUX MPCTEHOBA
je jaum oxn crexmHTa H3Melhy JaBa MoyeKyna OeH3eHa. lcnuTHBama HHTEpakIyja
KOOPJMHUPAaHUX MOJIEKyJia BOJIE M aMOHHjaKa yKa3yjy Ha jade BOJOHHMYHE Be3¢ W jaue
OH/mn u NH/m uHTepaknuje KOOpAMHUPAHHX y OJHOCY Ha HEKOOPAWHOBAHE MOJIEKYJIE
BoJe U aMoHujaka. IIpopauynu OH/M unTepakuuja uzMel)y MeTanHOr joHa y KBaJpaTHO
IUIAHApHUM KOMIUIEKCMMa M MOJIEKYJla BOAE yKa3yjy Ja Cy OBe HHTepakuuje Mebhy
HajjauylM BOJOHMYHUM Be3aMa y OHMIO KOM MOJICKYJICKOM CHCTEMY.

Cryauje 0 apOMaTHYHUM MOJICKYJIHMa yKa3yjy Ha CTEKUHT HHTEPaKIUje ca BEIUKHM
XOPU30HTAHUM TOMepambuMa u3Mely JBa apoMaTHYHa MOJIEKyJa ca 3Ha4YajHO jaKuM
UHTepakLujama, eHepruja je 70% Hajjaue cTekuHr uHTepakuuje. Hamu mogamu takohe
yKa3yjy Ha TO Ja Cy MHTepakuuje anudaTuyHUX OPCTEHOBA ca apOMAaTUYHHM IIPCTEHOM
jade onm  wumHTepakuuja u3Mely nBa  apoMaTHMYHa ~ MOJIEKyJna, JIOK  CY
annpaTUuIHO/apOMaTHYHE HHTEPAKIIMje BEOMa YeCTe Y MPOTEUHCKUM CTPYKTypaMa.

[1] D.P. Malenov, G.V. Janji¢, V.B. Medakovi¢, M.B. Hall, S.D. Zari¢, Cood. Chem.
Rev., 345 (2017) 318-341.

[2] D.B. Ninkovi¢, G.V. Janji¢, D.Z. Veljkovié, D.N. Sredojevié¢, S.D. Zari¢, Chem-
PhysChem, 12 (2011) 3511-3514.

[3] D.B. Ninkovi¢, J.M. Andri¢, S.N. Malkov, S.D. Zari¢, PhysChemChemPhys, 16
(2014) 11173-11177.
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Our research is based on analyzing data in crystal structures from the Cambridge
Structural Database (CSD) and on quantum chemical calculations. The analysis of the
data from the CSD enable to recognize interactions in crystal structures and to describe
the geometries of these interactions, while by quantum chemical calculations we can
evaluate interaction energies and find the most stable interaction geometries. Using this
methodology we were able to recognize and describe several new types of noncovalent
interactions.

Our study of planar metal-chelate rings interactions showed possibility of chelate ring
stacking interactions with organic aromatic rings, and stacking interactions between two
chelate rings. The calculated energies indicate strong stacking interactions of metal-
chelate rings; the stacking of metal-chelate rings is stronger than stacking between two
benzene molecules. Studies of interactions of coordinated water and ammonia indicate
stronger hydrogen bonds and stronger OH/m and NH/x interactions of coordinated in
comparison to noncoordianted water and ammonia. The calculations on OH/M interac-
tions between metal ion in square-planar complexes and water molecule indicate that
these interactions are among the strongest hydrogen bonds in any molecular system.

The studies on aromatic molecules indicate stacking interactions at large horizontal
dispacements between two aromatic molecules with significantly strong interacitons, the
energy is 70% of the strongest stacking geometry. Our data also indicate that stacking
interactions of an aliphatic rings with an aromatic ring are stonger than interactions be-
tween two aromatic molecules, while aliphatic/aromatic interactions are very frequent in
protein structures.

[1] D.P. Malenov, G.V. Janji¢, V.B. Medakovi¢, M.B. Hall, S.D. Zari¢, Cood. Chem.
Rev., 345 (2017) 318-341.

[2] D.B. Ninkovi¢, G.V. Janjic, D.Z. Veljkovi¢, D.N. Sredojevié, S.D. Zari¢, Chem-
PhysChem, 12 (2011) 3511-3514.

[3] D.B. Ninkovi¢, J.M. Andri¢, S.N. Malkov, S.D. Zari¢, PhysChemChemPhys, 16
(2014) 11173-11177.
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CHEMICAL INTERACTIONS AND DYNAMICS OF ORGANIC-
INORGANIC INTERFACES IN TEMPLATED CRYSTALLINE
MATERIALS USING THEORETICAL MODELING

E. Dib ?, B. Alonso *, T. Mineva *

“ Institut Charles Gerhardt Montpellier, UMR5253 CNRS-UM-ENSCM, 240 Avenue du
Professeur Emile Jeanbrau, 34296 Montpellier, France
e-mail: tzonka.mineva@enscm.fr

A combination of organic and inorganic entities at a molecular level led to the con-
cept of hybrid organic-inorganic materials and is in the basis of synthesis of zeolites,
mesoporous materials, macrocellular solids, hierarchically structured materials, clath-
rates, etc. The engineering process is much ahead with respect to the fundamental under-
standings, which is strongly hindered by the intrinsic spatial and dynamical disorder
experienced by the chemical entities at these interface. Hybrid organic-inorganic inter-
faces are classified in class I if only weak van der Waals, electrostatic and H-bonds keep
together both entities, and in class II if covalent bonds between the organic and inorganic
building blocks are formed.

In this presentation we will focus on class I interfaces in ammonium halide salts crys-
tals [1,2] and in template porous silicate-based crystalline materials [3,4]. Both organic
and inorganic entities experience modulation of their individual properties because of the
chemical interactions. To understand precisely these interactions we use the state-of-the
art DFT and DFT coupled to Born-Oppenheimer molecular dynamics (BOMD) to com-
pute characteristic NMR properties. Most attention will be given to "*N quadrupolar pa-
rameters (coupling constant Cyp and asymmetry parameter 77,), which measure the quad-
rupolar interaction between quadrupole moment at nuclei with spin I > 1/2 and electric
field gradient produced by surrounding electrons and nuclei. The quadrupole coupling
constants of nuclei in the organic entity are very sensitive measures of minor changes in
the inorganic structures, crystal packing and molecular (organic) structure at a finite tem-
perature.

[1] E. Dib, B. Alonso, T. Mineva, J. Phys. Cem. 4, 118 (2014) 3525-3533.

[2] E. Dib, T. Mineva, B. Alonso, Ann. Rep. NMR Spectr., 87 (2016) 175-235.

[3] E. Dib, M. Freire, V. Pralong, T. Mineva, B. Alonso, Acta Crystallogr., C73 (2017)
202-207.

[4] E. Dib, T. Mineva, E. Veron, V. Sarou Kanian, F. Fayon, B. Alonso, J. Phys. Chem.
Let., 9 (2018) 19-24.
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Reakcijom izmene liganada razli¢itim metodama sinteze dobijeno je 22 ternarna
kompleksa elemenata d-bloka [Mn(Il), Co(II), Ni(II), Cu(Il) i Zn(II)] sa anjonima
aromati¢nih polikarboksilnih kiselina (ftalne, izoftalne, tereftalne i piromelitne) kao
0,0-donorskim ligandima 1 aromati¢énim N,N-donorskim ligandima kao S$to su
2,2'-dipiridilamin i 2,2'-bipirimidin [1-5]. Trinaest kompleksa sintetisano je u
monokristalnom obliku, dok su ostala jedinjenja mikrokristalna. Prema vrsti centralnog
atoma, u obliku monokristala dobijeno je pet Mn(I)-, dva Co(Il)-, jedan Ni(Il)-, dva
Cu(Il)-, dva Zn(II)-kompleksa, kao i bimetalni Mn(II)-Cu(Il)-kompleks. Kristalne
strukture ovih jedinjenja odredene su rendgenskom strukturnom analizom. Strukturne
karakteristike kompleksa detaljno su opisane i medusobno su uporedene. Sintetisani
kompleksi ispitani su infracrvenom spektroskopijom (IC), a neki su dodatno podvrgnuti
kvantno-hemijskim proratunima, simultanoj termogravimetrijskoj, diferencijalnoj
termijskoj 1 diferencijalnoj skeniraju¢oj kalorimetrijskoj analizi (TG/DTA/DSC),
elementarnoj analizi, magnetnim merenjima na sobnoj i niskim temperaturama,
energetskoj disperzivnoj i atomskoj apsorpcionoj spektroskopiji (EDS i AAS) i merenju
fotoluminescencije. Za pojedine komplekse ispitana je i antimikrobna aktivnost. Na
osnovu rezultata IC-, ED- i AA-spektroskopije, elementarne i TG/DSC-analize,
magnetnih merenja i boje odredene su formule mikrokristalnih kompleksa i
pretpostavljena je njihova struktura.

Kod kompleksa dobijenih u obliku monokristala razmatrani su parametri koji dovode
do strukturnih razli¢itosti, kao Sto su duzine veza i uglovi, koordinacioni broj jona metala,
nacin koordinacije O,0- i N,N-donorskih liganada i uticaj nekovalentnih interakcija na
geometriju i pakovanje molekula [1-5]. Koordinacioni brojevi d-elemenata su razliciti i
nalaze se u opsegu od 5 do 7. Kod veéine kompleksa O,0-donorski ligandi imaju
mostovnu ulogu sa razli¢itim na¢inima koordinacije COO -grupa, u rasponu od bis-
-monodentatnog do heksadentatnog vezivanja. Kod tri jedinjenja ovi ligandi nisu
koordinirani za jone metala, ve¢ ucestvuju u gradenju vodoni¢nih veza. Dobijeni
kompleksi su mononuklearni, binuklearni i polimerni, a supramolekulsko 3D
umrezavanje postize se vodoni¢nim vezama i slabijim nekovalentnim interakcijama
(C-H: &, r-r, C-H--*N i C-H---0) izmedu 1D lanaca ili 2D slojeva.

Pretragom Kembric¢ke kristalografske baze podataka utvrdene su orijentacije
COO -grupa kod benzen-dikarboksilat kompleksa [1]. Energije tri poziciona izomera
benzen-dikarboksilat-jona izraCunate su pomocéu Mpller-Plesset perturbacione teorije
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drugog reda i tri hibridne HF/DFT metode sa 6-311G** baznim setom. Rezultati analiza
dekompozicije lokalnih molekulskih orbitala i prirodnih vezujuéih orbitala pokazali su
odlicno slaganje eksperimentalne i izraCunate geometrije, ¢ime je dokazano da je
planarna konformacija energetski najpovoljnija kod anjona tereftalne i izoftalne kiseline,
dok su kod anjona ftalne kiseline COO -grupe zarotirane i formiraju komplementarne
uglove u odnosu na benzenski prsten u najstabilnijoj konformaciji.

Termicka stabilnost, magnetna, fotoluminescentna svojstva i antimikrobna aktivnost
pojedinih kompleksa detaljno su analizirani i povezani sa njihovim strukturnim
karakteristikama. Merenja magnetne susceptibilnosti pokazala su da vecina ispitanih
kompleksa ima paramagnetna svojstva, sa izuzetkom jednog Co(II)-kompleksa kod kojeg
su nadene feromagnetne interakcije, $to je dovedeno u vezu sa formiranjem lanaca
izmedu molekula u kristalnom pakovanju. Ispitivanja  fotoluminescencije
Zn(IT)-kompleksa pokazala su da su ovi kompleksi opticki aktivni, s tim da je najjaci
intenzitet fotoluminescencije utvrden za kompleks kod kojeg postoji veci broj
nekovalentnih interakcija u strukturi. Antimikrobna svojstva Zn(Il)-kompleksa ispitana
su in vitro na Gram-pozitivne bakterije (Bacilus subtilis, Enterococcus faecalis, Listeria
monocytogenes 1 Staphylococcus aureus), Gram-negativne bakterije (Esherichia coli,
Pseudomonas aeruginosa i Salmonella enteritidis) i gljivicu Candida albicans i pokazano
je da Zn(II)-kompleks sa izoftalat-jonom ima najbolju aktivnost na bakterije Listeria
monocytogenes 1 Esherichia coli [2]. Diskutovana je veza izmedu antimikrobne
aktivnosti kompleksa i njihovih kristalnih struktura.

[1] L. Radovanovié, J. Rogan, D. Poleti, M.V. Rodi¢, N. Begovi¢, Inorg. Chim. Acta, 445
(2016) 46-56.

[2] L. Radovanovié, J. Rogan, D. Poleti, M. Milutinovi¢, M.V. Rodié, Polyhedron, 112
(2016) 18-26.

[3] D. Poleti, J. Rogan, M. V. Rodi¢, L. Radovanovi¢, Acta Crystallogr., C71 (2015)
110-115.

[4] L. Radovanovi¢, J. Rogan, D. Poleti, M.V. Rodi¢, Z. Jagli¢i¢, J. Serb. Chem. Soc., 82
(2017) 1247-1258.

[5] L. Radovanovié, J. Rogan, D. Poleti, M.V. Rodi¢, Z. Jagli¢i¢, Acta Chim. Slo., 65
(2018) 191-198.
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A series of 22 d-block element complexes [Mn(II), Co(Il), Ni(II), Cu(II) and Zn(II)]
containing anions of aromatic polycarboxylate acids (phthalic, isophthalic, terephthalic
and pyromellic) as O,0-donor ligands and aromatic N,N-donor ligands such as
2,2'-dipyridylamine and 2,2'-bipyrimidine, has been obtained by ligand exchange reaction
using different synthetic methods [1-5]. Thirteen complexes were obtained as single
crystals, while the others were microcrystalline. According to the type of central atom,
five Mn(Il), two Co(II), one Ni(Il), two Cu(Il), two Zn(Il) complexes, and bimetallic
Mn(IT)-Cu(Il) complex were synthesized in form of single crystals. The structures of
these compounds were determined by single-crystal X-ray analysis. Structural properties
of complexes were discussed in detail and compared. All complexes were characterized
by infrared (IR) spectroscopy, while some of them were also subjected to the quantum-
chemical calculations, simultaneous thermogravimetry, differential thermal analysis and
differential scanning calorimetry (TG/DTA/DSC analysis), elemental analysis, magnetic
measurements at room and low temperatures, energy-dispersive X-ray spectroscopy
(EDS), atomic absorption spectroscopy (AAS) and photoluminescence measurements.
Antimicrobial activity was also investigated for some complexes. Based on the results of
IR, EDS and AAS spectroscopy, clemental and TG/DSC analyses, magnetic
measurements and color, the formulae of microcrystalline complexes were determined
and the structures were assumed.

The parameters that affect structural diversities, such as bond lengths and angles, the
coordination number of metal ions, the coordination mode of O,0- and
N,N-donor ligands and the influence of non-covalent interactions on geometry and crystal
packing were considered for the complexes in form of single crystals [1-5]. The
coordination numbers of d-elements are different and range from 5 to 7. In most of
compounds, O,0-donor ligands have the bridging role with different coordination modes
of COO™ groups, i.e. from bis monodentate to hexadentate. These ligands are counter ions
only in three compounds and are involved in the hydrogen bonds. The complexes are
mononuclear, binuclear and polymeric, and supramolecular 3D networking is achieved
by hydrogen bonds and weak non-covalent interactions (C—H:--z, z-z, C—H---N and
C—H---O) between 1D chains or 2D layers.

Based on search of the Cambridge Structural Database, the orientations of COO™
groups in benzenedicarboxylate complexes were determined [1]. The energies of three
positional isomers of benzenedicarboxylate ions were calculated using the second-order
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Moller-Plesset perturbation theory and three hybrid HF/DFT methods with 6-311G**
basis set. Results of Localized Molecular Orbital Energy Decomposition and Natural
Bond Orbital analyses have shown that experimental and calculated geometries are in
agreement, indicating that the terephthalate and isophthalate anions prefer the planar
conformation, while COO™ groups are inclined and make complementary angles relative
to the aromatic rings in the phthalate anions.

Thermal stability, magnetic, photoluminescent and antimicrobial properties of some
complexes have been analyzed in detail and correlated with their structural features.
Magnetic susceptibility measurements have shown that the most of complexes exhibit
paramagnetic behavior, with the exception of one ferromagnetic Co(II) complex, which is
related to the formation of chains between molecules in the crystal packing. The
photoluminescence investigation has shown the optical activity of Zn(II) complexes with
the strongest intensity of photoluminescence for the complex with the increased number
of noncovalent interactions in structure. The antimicrobial behaviour of Zn(II) complexes
were tested in vitro against Gram-positive bacteria (Bacilus subtilis, Enterococcus
faecalis, Listeria monocytogenes and Staphylococcus aureus), Gram-negative bacteria
(Esherichia coli, Pseudomonas aeruginosa and Salmonella enteritidis) and yiest Candida
albicans and it has been shown that Zn(Il) complex with isophthalate ion exhibited the
best activity against Listeria monocytogenes and Esherichia coli [2]. The relationship
between the antimicrobial behavior of complexes and their crystal structures is discussed.

[1] L. Radovanovié¢, J. Rogan, D. Poleti, M.V. Rodi¢, N. Begovi¢, Inorg. Chim. Acta, 445
(2016) 46-56.

[2] L. Radovanovi¢, J. Rogan, D. Poleti, M. Milutinovié¢, M.V. Rodi¢, Polyhedron, 112
(2016) 18-26.

[3] D. Poleti, J. Rogan, M.V. Rodié¢, L. Radovanovi¢, Acta Crystallogr., C71 (2015) 110-
115.

[4] L. Radovanovi¢, J. Rogan, D. Poleti, M.V. Rodi¢, Z. Jagli¢i¢, J. Serb. Chem. Soc., 82
(2017) 1247-1258.

[5] L. Radovanovié, J. Rogan, D. Poleti, M.V. Rodi¢, Z. Jagli¢i¢, Acta Chim. Slo., 65
(2018) 191-198.
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KRISTALNA STRUKTURA S-METIL DERIVATA
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Chemistry, Faculty of Science, P.J. Safirik University in KoSice, Moyzesova 11, SK-041
54 Kosice, Slovakia
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S-metil derivat tiosalicilne kiseline dobijen je reakcijom alkilovanja tiosalicilne kis-
eline pomoc¢u metil-bromida u baznom rastvoru voda-etanol. Etanol je zatim uparen iz
reakcione smeSe na vodenom kupatilu. RazblaZzena hlorovodoni¢na kiselina je dodavana
vodenom rastvoru u cilju taloZenja liganda. Beli talog S-metil derivata tiosalicilne
kiseline ispran je vodom i suSen na vakuumu tokom noc¢i. Monokristali pogodni za
rendgensku strukturnu analizu dobijeni su prekristalizacijom iz sistema etanol-voda.

Kristalografski podaci: empirijska formula CgHgsO,S, M, = 168,20, talasna duzina
1,54184 A, monokliniéni kristalni sistem, P2,/c prostorna grupa, veli¢ina kristala 0,082 x
0,052 x 0,035 mm®, dimenzije jedinine Celije a = 4,3642(1) A, b = 14,5566(2) A,
c=11,6710(1) A, B=92,488(1)°, V= 740,74(2) A°, Z = 4, gustina 1,508 g cm°, apsorp-
cioni koeficijent 3,403 mm'.

Struktura je utaCnjena primenom
j%s SHELXT [1] i naknadnom Fourier

.- \g?/ %/ » sintezom koris¢enjem SHELXL [2], koji

c;\f \e, °'\)___ - \ je implementiran u WinGX programski

“\ 5 &\ b e paket [3]. Analiza duZina veza i uglova

S s Y \\% \ sprovedena je koris¢enjem SHELXL i

\ 0z o \ — PLATON [4]. DIAMOND je kori$¢en za

o A2 ” /25\2% molekularnu grafiku. Konacni R indeksi
g b [[>26(I)] R, = 0,0241, wR, = 0,0594.

Slika 1. Kristalna struktura S-metil derivata
tiosalicilne kiseline

G. M. Sheldrick, Acta Crystallogr., A71 (2015) 3-8.
G. M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.
L. J. Farrugia, J. Appl. Crystallogr., 32 (1999) 837-838.
AL

[1]
(2]
(3]
[4] . Spek, Acta Crystallogr., D65 (2009) 148—155.
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S-methyl derivative of thiosalicylic acid was prepared by alkylation of
thiosalicylic acid by methyl bromide in alkaline water-ethanol solution. Ethanol was then
evaporated on a water bath from the resulting reaction mixture. The diluted hydrochloric
acid was added to the resulting aqueous solution in order to achieve the precipitation of
the ligand. The white precipitate of the S-methyl derivative of thiosalicylic acid was fil-
tered, washed with water and dried under vacuum overnight. Single crystals suitable for
X-ray structural analysis were obtained by recrystallization from the ethanol-water
system.

Crystallographic data: empirical formula CgHgO,S, M, = 168.20, wavelength 1.54184
A,  monoclinic  crystal system, P2/c space group, crystal  size
0,082 x 0,052 x 0,035 mm®, unit cell dimensions a = 4.3642(1) A, b = 14.5566(2) A,
c = 11.6710(1) A, B = 92.488(1)°, V = 740.74(2) A’, Z = 4, density 1.508 g cm,
absorption coefficient 3.403 mm ™.

The structure was solved by
SHELXT [1] and subsequent Fourier
syntheses  using  SHELXL [2],
implemented in WinGX program suit
[3]. The analysis of bond distances and
angles was carried out using SHELXL
and PLATON [4]. DIAMOND was
used for molecular graphics. Final R
indices [I > 20()] R, = 0.0241,
wR, = 0.0594.

Figure 1. Crystal structure of S-methyl derivative
of thiosalicylic acid

G. M. Sheldrick, Acta Crystallogr., A71 (2015) 3-8.
G. M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.
L. J. Farrugia, J. Appl. Crystallogr., 32 (1999) 837-838.

J
A. L. Spek, Acta Crystallogr., D65 (2009) 148—155.
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KPUCTAJIHE CTPYKTYPE JIBA HOBA KOHJYI'ATA
®EPOLEHA CA CTEPOUJHUM XOPMOHHUMA

B. Panueruh *, M. Poxuh *, M. Cakau *, T.-O. Knedel *, C. Janiak "

¢ Henapmman 3a xemujy, Ouoxemujy u 3awimumy dicugomue cpedune, IIpupoomo-
mamemamuuku gaxyimem, Yuusepsumem y Hosom Cao, Tpe JJocumeja Obpadosuhia 3,
21000 Hosu Cao, Cp6uja. * Institut fiir Anorganische Chemie und Strukturchemie,
Heinrich-Heine-Universitit Diisseldorf, Universititsstrafle 1, D-40225 Diisseldorf,
Germany
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Kownjyratu depolieHa ca CTepOUIHUM XOPMOHUMA OJ1 HHTEpEca Cy Kao MOTCHIH]aTHU
areHcu TIPOTHB XOPMOH-3aBHCHHX TyMopa [1]. v peakImju
(peporeHNIMETHIT) TPUMETHIIAMOHI]YM-jOJJHIa €A E€CTPOHOM, CHIOTEHHUM eCTPOTECHUM
XOpMOHOM, no0ujeHn cy 3-(dpepouenunmerokcu)ectpa-1,3,5(10)-tpuen-17-ou (1) u
4-(depouenmnnmernn)-3-xuapokcuecrpa-1,3,5(10)-tpuen-17-on 2) y 00JIuKy
MOHOKPHCTaJIa TIOTO/IHUX 32 PEHATCHCKY CTPYKTYpHY aHaJIN3y.

Kpucranorpadcku momamm 3a 1: CyoHzFeO,, opTopoMOMYHM KPHCTAIHU CHCTEM,
P2,2:2y, a=6,7898(10) A, b =12,1966(18) A, ¢ =27,257(4) A, V=22573(6) A, Z=4,
n3MepeHo peduiekcuja 5150, yraumaBano mnapamerapa 290, Opoj orpanuuema 0,
R, =0,053, wR,=0,114, §= 0,922, Flack x = —0,03(2).

Kpucranorpapcku nomanu 3a 2: CryHzFeO,, opTopoMOWYHH KpPUCTAIHU CHCTEM,
P212,2y, a="74416(3) A, b =13,1083(7) A, ¢ =23,9139(13) A, V' =2332,7(2) A®, =4,
usMepeHo pedaekcuja 5381, yraumaBano mapamerapa 338, Opoj orpanuuema 179,
R, =0,098, wR, = 0,268, S = 1,088, Flack x = 0,10(7).

[1] E.A. Hillard, A. Vessicres, G. Jaouen, y Medicinal Organometallic Chemistry,
G. Jaouen, N. Metzler-Nolte (ypen.), New York (2010) 81.
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V. Railevié¢ *, M. Rodi¢ *, M. Saka¢ *, T.-O. Knedel ”, C. Janiak °

* Department of Chemistry, Biochemistry and Envirnonmental Protection, Faculty of
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Ferrocene—steroid hormone conjugates are of interest as potential agents against
hormone-dependent tumors [1]. In the reaction of (ferrocenylmethyl)trimethylammonium
iodide with estrone, an endogeneous estrogen hormone, 3-(ferrocenylmethoxy)estra-
-1,3,5(10)-trien-17-one (1) and 4-(ferrocenylmethyl)-3-hydroxyestra-1,3,5(10)-trien-17-
-one (2) were obtained in the form of single crystals suitable for X-ray crystallography.

Crystallographic data for 1: C,Hs3FeO,, orthorhombic crystal system, P2,2,2;,
a = 6.7898(10) A, b = 12.1966(18) A, ¢ = 27.257(4) A, V = 2257.3(6) A°, Z = 4,
no. of reflections measured 5150, no. of parameters refined 290, no. of restraints 0,
R;=0.053, wR,=0.114, S = 0.922, Flack x = —0.03(2).

Crystallographic data for 2: C,Hj;FeO,, orthorhombic crystal system, P2,2,2,,
a = 7.4416(3) A, b = 13.1083(7) A, ¢ = 23.9139(13) A, V = 2332.7(2) A®, Z = 4,
no. of measured reflections 5381, no. of parameters refined 338, no. of restraints 179,
R;=0.098, wR, = 0.268, S = 1.088, Flack x = 0.10(7).

[1]1 E.A. Hillard, A. Vessiéres, G. Jaouen, in Medicinal Organometallic Chemistry,
G. Jaouen, N. Metzler-Nolte (eds.), New York (2010) 81.

19



XXVI Kongepennuja Cprickor KpucTaaorpadckor ApyIiTsa

MONOMER I KOORDINACIONI POLIMER SREBRA(I) SA
ORGANSKIM TIOCIJANATNIM LIGANDOM: STRUKTURNA I
IN SILICO STUDIJA

T. Todorovié *, P. Risti¢ *, G. Janji¢ °, I. Marjanovi¢ ¢, O. Klisurié¢ , N. Filipovi¢ *

“ Univerzitet u Beogradu — Hemijski fakultet; " IHTM, Centar za hemiju, Univerzitet u
Beogradu; © Univerzitet u Novom Sadu — Prirodno-matematicki fakultet ; * Univerzitet u
Beogradu — Poljoprivredni fakultet

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

Prvi kompleksi 2-piridiltiocijanta (L) i srebro-nitrata (1) i perhlorata (2) su sintetisani
i okarakterisani difrakcijom rendgenskih zraka sa monokristala. Zajednicki strukturni
motiv oba kompleksa je koordinacija dva L molekula preko piridinskog atoma azota za
Ag(I). Geometrija oko Ag(I) u kompleksu 1 je deformisana, oblika slova T, gde trece
koordinaciono mesto zauzima atom kiseonika Ol iz nitratnog jona. Medutim, uzevsi u
obzir rastojanje izmedu atoma Agl i atoma O1(2) (2: Yo—x, —Y4—, z) iz susednog nitratnog
jona, koordinacioni broj Ag(I) u 1 moze takode biti opisan kao 3+1 (slika 1). U kom-
pleksu 2 geometrije klackalice, koordinacioni broj Ag(I) je Cetiri (slika 2). U unutrasnjoj
sferi kompleksa tre¢e koordinaciono mesto zauzima atom kiseonika O3 iz perhloratnog
anjona, dok Cetvrto mesto zauzima atom azota N2(4) (4: x, y—1, z) tiocijanatne grupe
susednog liganda. Iako se nitratni i perhloratni joni mogu koordinovati za jone metala,
njihova tendencija ka koordinaciji je daleko manje izraZzena u poredenju sa ostalim uo-
bi¢ajenim anjonima. Pretragom Kembricke strukturne baze i analizom relevantnih ge-
ometrijskih parametara utvrdena je tendencija koordinacije nitratnog i perhloratnog jona
za Ag(]). Sa stanovista strukturne hemije, duzine veza i uglovi izmedu veza su najbitnije
karakteristike molekula. Da bismo ispravno opisali prirodu Ag—O veza u kompleksima 1
i 2, kao i pakovanja u ovim strukturama, uradena je topoloska analiza primenom kvantne
teorije atoma u molekulu.

Slika 1. ORTEP prikaz struktre 1 sa numeracijom

£ As) - . S
a@ 5 ne-vodoni¢nih atoma. Termalni elipsoidi su
nsgy A prikazani sa 30% verovatno¢e; H-atomi su sfere
02 oL proizvoljnog radijusa. Dodatne veze su oznacene

svetlo-plavom bojom. Simetrijske transformacije:

1) Yox, Voty, z; (2) Vox, =V, z.

Figure 1. ORTEP drawing of the structure of 1 with

labeling of non-H atoms. Displacement ellipsoids

are shown at the 30% probability level and H atoms
N are drawn as spheres of arbitrary radii. Additional

e Cll\x bonds are shown in light blue. Symmetry codes: (1)

N4 Yox, Voty, z; (2) Vo, =2y, z.
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SILVER(I)-BASED MONOMER AND COORDINATION
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STRUCTURAL AND IN SILICO STUDY
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The first complexes of 2-pyridylthiocyante (L) and silver nitrate (1) and perchlorate
(2) were prepared and characterized by a single crystal X-ray analysis (XRD). The com-
mon structural motif of both 1 and 2 is coordination of two L molecules via pyridine
nitrogen atom to Ag(I). Geometry of Ag(I) in 1 is deformed T-shaped, where third coor-
dination site is occupied by one oxygen atom (O1) from nitrate. However, taking into
account the distance between Agl and O1(2) (2: Y2—x, —/2—y, z) atom from another nitrate
ion, the coordination number of Ag(I) in 1 can be described also as 3+1 (Figure 1). In 2,
Ag(I) ion has coordination number four (Figure 2) with a seesaw geometry. In the inner
sphere of the complex a third coordination site is occupied by oxygen atom O3 from
perchlorate ion, while fourth coordination site is occupied by nitrogen atom N2(4) (4: x,
y—1, z) of a thiocyanate group from neighboring ligand. Although nitrate and perchlorate
ions do form complexes with metal cations, the tendency of these ions to coordinate is
less than for other common ions. In order to check the propensity of perchlorate and ni-
trate towards coordination to Ag(I), a Cambridge Structural Database survey has been
performed. For the structural chemistry, bond distances and angles are the most important
molecular characteristics aimed at. In order to properly describe the nature of Ag—O
bonds in 1 and 2, as well as crystal packings in respective structures, a Quantum Theory
of Atoms in Molecule (QTAIM) topological analysis was performed.

o Figure 2. ORTEP drawing of the structure of 2

01@=ycn with labeling of non-H atoms. Displacement
ellipsoids are shown at the 30% probability level
and H atoms are drawn as spheres of arbitrary radii.
Symmetry codes: (3) x, y+1, z; (4) x, y—1, z.
Slika 2. ORTEP prikaz struktre 2 sa numeracijom
ne-vodoni¢nih atoma. Termalni elipsoidi su
prikazani sa 30% verovatnoce; H-atomi su sfere
proizvoljnog radijusa. Simetrijske transformacije:
G)x,ytlz; (@) x, y-1, z.
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1,4-DIKARBONITRILOM
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Bez obzira na raznolikost struktura koordinacionih polimera, njihova karakteristi¢na
arhitektura je zasnovana na relativno malim organskim molekulima koji su u najvecem
broju slu¢ajeva O ili N donori [1]. Ligand piperazin 1,4-dikarbonitril (L) je upotrebljen za
sintezu novog Ag(I) 3D koordinacionog polimera opste formule {[Ag(L),]JClO4},.
Sintetisani  kompleks kristaliSe u
ortorombi¢nom Kkristalnom sistemu, u
prostornoj grupi Pnnn. Struktura
koordinacionog polimera se sastoji od
jednog jona metala, dva L liganda
koordinovana bis-monodentatno
preko atoma azota, i jednog
perhloratnog anjona (Slika 1). Svaki
Ag(D) jon se nalazi u tetraedarskom
okruzenju Cetiri atoma azota iz Cetiri
razlicita L liganda. Geometrijski
indeks distorzije (t4) iznosi 0,956 [2].
Topoloska analiza [3] je pokazala da
postoje dva kristalografski razlicita
Ag(l) jona. Prvi gradi dve
interpenetrirajuée mreze koje su
povezane translacijom (12,61 A) duz
pravca a-ose (klasa Ia). Drugi Ag(l)
Slika 1. ORTEP prikaz dela strukture Jon grad'i Cetiri interpenetr.i.rajuée
koordinacionog  polimera  Ag(I) sa  mreZe koje su, pored translacije duZ
numeracijom ne-vodoni¢nih atoma. Termalni ~ Pravea a-ose za 12,61 A, povezane i
elipsoidi su prikazani sa 30% verovatnoce. preko centra inverzije (klasa Illa).

[1TA.Y. Robin, K.M. Fromm, Coord. Chem. Rev., 250 (2006) 2127-2157.

[2] L.Yang, D.R. Powell, R.P. Houser, Dalton Trans., (2007) 955-964.

[3] V.A. Blatov, A.P. Shevchenko, D.M. Proserpio, Cryst. Growth Des., 14 (2014)
3576-3586.
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Despite the variety in coordination polymers’ (CP) structure their characteristic archi-
tecture is based on relatively small organic molecules, which are most often O or N do-
nors [1]. The ligand piperazine 1,4-dicarbonitrile (L) is used for synthesis of novel Ag(I)
3D CP with general formula {[Ag(L),]ClO,},. The obtained complex crystallizes in the
orthorhombic crystal system, space
group Pnnn. The structure of CP
consists of one metal center, two L
ligands coordinated bis-
monodentately via N atom and one
perchlorate anion (Figure 1). Each
Ag(D) is in tetrahedral environment,
coordinated to four nitgoren atoms
from four different L ligands. The
geometric index of distortion is 0.956
[2]. Topological analysis [3] showed
that there are two
crystallographically different Ag(I)
ions. The first one builds two
interpenetrating networks which are
related by 12.61 A translations along
the a-axis direction (class Ia). The
second Ag(I) ion gives four
Figure 1. ORTEP drawing of part of the interpenetrating networks related by
structure of Ag(I) CP with labeled non-H  12.61 A translations along the a-axis
atoms. Displacement ellipsoids are shown at  direction and by an inversion centre
30% orobabilitv. while H atoms are drawn as  (class IIla).

[1TA.Y. Robin, K.M. Fromm, Coord. Chem. Rev., 250 (2006) 2127-2157.

[2] L.Yang, D.R. Powell, R.P. Houser, Dalton Trans., (2007) 955-964.

[3] V.A. Blatov, A.P. Shevchenko, D.M. Proserpio, Cryst. Growth Des., 14 (2014)
3576-3586.
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HEPOBCKHTA Sr;Fe; WOy U OAPEBUBAIBE MAT'HETHHX,
JUEJEKTPUYHUX U OIITUYKUX KAPAKTEPUCTUKA
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Crnenuduuna cTpyKTypa MEPOBCKUTHUX jeIUICHa OATOBOPHA j€ 3a BUXOBE OpojHE
MHTEpECaHTHEMArHeTHe, TUeJIeKTpUYHe U ONTHUYKe KapakrepucTtuke. [Tokasano ce na cy
KapaKTepUCTHKE Marepujajia Takol)e 3aBUCHE OJ] BeJIMYMHE M OOJNMKa YeCTHIA.
Tpoctpyku Sr;Fe;WOy TMEpOBCKHT je CHHTETHCAH BOJCHOM COJI-TEl  LUTPATHOM
MeTonoM. EnexTpoxemujcka Mepema M arcopIifjcka CIEKTPOCKONHja Y BHIJEUBOM U
YITpalbybHUacToM ey CIeKTpa Cy ToKa3au ja je Fe'" crabunaH HakoH KOOpIMHUCAHa
ca MoJeKyi1aMa aMoHHjaka. CTpyKTypHA HCTpaKUBama Cy CIIPOBeeHa aMOHjEHTATHOM H
HeaMOMjCHTATHOM PEHTTCHCKOM JAU(PaKnMjoM HA MONHKPUCTATy, PEHITEHCKOM
(hOTOENEKTPOHCKOM CIIEKTPOCKOIHM]OM, TPAHCMUCHOHOM €JIEKTPOHCKOM MHKPOCKOIIU)jOM
BEJIIMKE pe30NIylHje, eJNeKTPOHCKOM audpakuujoMm Ha onabpaHO] IMOBPLIMHH,
TEPMOTPAaBUMETPH]CKOM aHaIU30M, uHppapBeHOM CIIEKTPOCKOIIH]OM u
HemojapuszupaHoM PamanoBoM cmekrpockomnujoM. IlokazaHo je [1a jequmeme
KPUCTAIUILE y TETparoHaJHOM cucTeMy (TpocTopHa rpymna [4/m) ca BEeIMYMHOM
KpucTanuta o 36 nm, BeIWKEe KPHUCTAIMHUYHOCTH M HacTaje Ha 1273 K. MarnetHe
KapaKTEepUCTHKE TOKa3yjy ¢epumaraeTHo ypeheme Ha 373 K. [luenekrpudyna Mepema cy
NOKa3aja MpPONOPLHOHANHY 3aBHCHOCT IHEIEeKTPHYHE KOHCTaHTE O]l TeMIleparype H
OOpHYTO TPONOPIMOHAIHY 3aBHCHOCT Of (pekBeHuuje. ONTHYKE KapaKTePHUCTHKE
onpehene cy Tayk MeTOIOM Izie ce MOKAa3ajo Ja Cy BPEIHOCTH AWPEKTHOT €HEPrHjCKOT
nporiena 2,71 eV u HHAUPEKTHOT eHeprujckor mporena 2,10 eV. Aytopu ce 3axBasbyjy
Xpsarckoj 3aknaau 3a 3HaHocT (IP-2016-06-3115) 3a moTnyHy (PMHAHCHjCKY MOJPIIKY.
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Specific structure of perovskite compounds provides them with various interesting
magnetic, dielectric and optical properties. It has become very trendy to alter particle size
instead of altering chemical composition since the properties of materials have appeared
to be size- and shape-dependent. Triple SrsFe, WO, perovskite has been prepared in form
of semi-spherical particle agglomerates using a modified aqueous sol-gel citrate route.
Synthesis mechanism and redox properties of precursor metal salts in aqueous solution
have been studied by electrochemical measurements and UV/VIS absorbance spectrosco-
py where it has been observed that Fe*" is stable after coordination with ammonia mole-
cules. Structural investigation has been conducted by ambient and in situ X-ray powder
diffraction (XPRD), X-ray photoelectron spectroscopy (XPS), high resolution transmis-
sion electron microscopy (HRTEM), selected area electron diffraction (SAED), thermo-
gravimetric analysis (TGA), Fourier-transform infrared spectroscopy (FTIR) and unpo-
larized Raman spectroscopy and it has been observed that synthesized compound crystal-
lizes in tetragonal system (space group /4/m) with crystallite size of 36 nm and high crys-
tallinity and fully transforms into desired perovskite compound at 1273 K. Magnetic
properties have been determined using SQUID measurements and have shown ferrimag-
netic ordering at 373 K. Dielectric properties have revealed a proportional increase of
dielectric constant with temperature and reverse proportional decrease with frequency.
Optical properties have been estimated using Tauc method which revealed band gap
values of 2.71 eV for direct band gap and 2.10 eV for indirect band gap. Authors
acknowledge Croatian Science Foundation (IP-2016-06-3115) for full financial support.
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Vurcitni ZnO kristaliSe u prostornoj grupi P6smc sa parametrima jedini¢ne celije:
a=3253ic=5213 A, u=0,382. U ovoj modifikaciji postoje dva tipa tetraedarskih
intersticija, tip-1 i tip-2, koji su duz c-ose medusobno orijentisani u suprotnom smeru,
dok se oktaedarske intersticije nalaze izmedu njih. Atomi cinka zauzimaju samo jedan tip
tetraedarskih intersticija, $to za posledicu ima necentrosimetri¢nu strukture i polarne
c-ose. Polarni vektor je usmeren od Zn ka O direktno iznad (aA). Specifi¢ni dopanti kao
§to su In,O;, Fe,03, Mny05, Ga,0s, Si0,, SnO,, TiO, i Sb,O; uzrokuju inverziju
polarnosti u ZnO i na taj nacin formiraju inverzne granice (IG). Zajedno sa greSkama
inverzije, konfiguracija polarnih osa moZe biti glava-glava (—|«) ili rep-rep («|—)
preko IG. IG su pretezno u bazalnim ravnima (b-IG), ali sa nekim dopantima, kao Sto je
Ga,0s3, se protezu duz piramidalnih ravni strukture ZnO (p-I1G).

U ovom istrazivanju ispitali smo strukturu b-IG u Sb-dopiranoj ZnO keramici na
osnovu proratuna baziranih na teoriji funkcionala gustine (DFT) i transmisione
elektronske mikroskopije visoke rezolucije (HRTEM). Analizirali smo sve modele o
inverznim granicama i greSkama slaganja koji su do sada bili objavljeni u literaturi.
Nakon detaljne analize podataka, identifikovano je pet mogucih translacionih stanja za
IG, od kojih su tri eksperimentalno primecene [1-3]. Koriste¢i DFT implementiran u
Quantum-Espresso programskom paketu, modeli IG su strukturno optimizovani i
analizirani u pogledu stabilnosti kod dopiranja antimonom. U ispitivanim sluc¢ajevima
dobili smo dobro poklapanje eksperimentalnih i izracunatih rezultata za dva modela.
Kombinovanjem teorijskih rezultata sa eksperimentalnim, otkrili smo nov model za ZnO
koji je dopiran antimonom

[1] A. Rec¢nik et al., J. Am. Ceram. Soc., 84 (2001) 2657-2668.

[2] A. Goldstein et al., ACS Nano, 7 (2013) 10747-10751.
[3]J. Hoemke et al., J. Am. Ceram. Soc., 100 (2017) 4252-4256.
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ZnO predominantly crystalizes in a wurtzite structure, s.g. P6;mc, with unit cell
parameters: a = 3.253 and ¢ = 5.213 A, u = 0.382. In this structure there are two types of
tetrahedral interstices, type-I and type-II, that point in opposite directions along the
c-axis, while octahedral interstices in-between. Only one type of tetrahedral sites is
occupied with zinc atoms, which results in the noncentrosymmetric nature of this
structure and defines the polar c-axis. The polar vector points from Zn to O atom directly
above (aA). Specific dopants, such as In,03, Fe,0;, Mn,0;, Ga,0;, Si0,, SnO,, TiO, and
Sb,03, can induce inversion of polarity in ZnO by generating inversion boundaries (IBs).
Together with basal plane stacking faults (SFs), IBs are the most common type of planar
defects. Depending on the type of inversion the polar axis can be head-to-head (—|«) or
tail-to-tail («—|—) oriented across IB. IBs predominantly lie in basal planes (b-IB), but
with some dopants, such as Ga,O;, they extend along the pyramidal planes of ZnO
structure (p-1B).

In our study we investigated the atomic structure of b-IBs in Sb-doped ZnO ceramics
by density functional theory (DFT) calculations and high-resolution transmission electron
microscopy (HRTEM). We first reviewed all the models that were reported in the litera-
ture regarding inversion boundaries and stacking faults. After a detailed analysis of the
literature data, five different translational states for IBs were identified, wherein three of
them were experimentally observed [1-3]. Using DFT implemented in the Quantum-
-Espresso package, the IBs models were structurally optimized and analyzed in terms of
stability for Sb-doping. In the examined cases we obtained a good match between the
experimental results and the calculated ones for two of the translations. By combining
theoretical results with experimental ones, we discovered new model for Sb-doped ZnO.

[1] A. Recnik et al., J. Am. Ceram. Soc., 84 (2001) 2657-2668.

[2] A. Goldstein et al., ACS Nano, 7 (2013) 10747-10751.
[3]J. Hoemke et al., J. Am. Ceram. Soc., 100 (2017) 4252-4256.
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FASCINANTNE V-0 VEZE. EKSPERIMENTALNA I TEORIJSKA
ANALIZA GUSTINE NAELEKTRISANJA I AIM ANALIZA
RAZLICITIH POLIOKSOVANADATA

A. Spasojevi¢-de Biré ™*, N. Bo$njakovié-Pavlovi¢ **, X. Xu **, S. Novakovic ¢,
J.-M. Gillet *
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91190 Gif-sur-Yvette, France; ° CNRS, UMR 8580, Laboratory “Structures Propriétés et
Modélisation des Solides” (SPMS), Campus de Gif, 8-10 rue Joliot-Curie, 91190 Gif-sur-
Yvette, France; “Institut za nuklearne nauke Vinca, Laboratorija za teorijsku fiziku i fiziku
kondenzovane materije, PP 522, Univerzitet u Beogradu, 11001 Beograd, Srbija
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Strukturna karakteristika jedinjenja tipa polioksovanadata (POV) jeste da se u jednom
molekulu moZe naéi vide V-O veza razli¢itih duzina (od 1,608(1) do 1,241(1) A). U
poslednjih deset godina, realizovali smo Cetiri eksperimentalne analize raspodele gustine
naelektrisanja u POV jedinjenjima i takode analizirali njihove topoloSke karakteristike
[1]. Paralelno, primenili smo teorijsku AIM analizu na razli¢itim funkcionalizovanim
heksavanadatima. Veoma dobra saglasnost izmedu eksperimentalnih i teorijskih
vrednosti omogucila nam je da bolje razumemo prirodu V-O veze. Primena razliciti
kriterijuma koje je Gatti [2] postavio na osnovu QTAIM analiza daje nam sliku veze
ovog tipa. Razli¢iti parametri koriS¢eni za karakterizaciju ove veze bi¢e razmatrani u ovoj
prezentaciji.
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Slika (Levo) Zavisnost gustine naelektrisanja p(r.)(4) od eksperimentalno odredenih
V-0 rastojanja. (Desno) Laplasijan elektronske gustine Vp(r,) (ed™) u funkciji H(r,) (a.u.) za V6
(eksperimentalno i teorijski). Sivi kvadrati predstavijaju oblasti koje je
definisao Gatti [2]. Zeleni kvadrat-nova oblast nazvana intermedijer n°2.

[17a) G.A. Bogdanovic et al, J. Serb. Chem. Soc., 72 (2007) 545-554. b) N. Bosnjakovic-
Pavlovic et al, Inorg. Chem., 48 (2009) 9742-9753. ¢) X. Xu et al, Phys. Chem. Chem.
Phys., 19 (2017) 18162-18166.

[2] C. Gatti, Z. Kristallogr., 220 (2005) 399—-457.
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Polyoxovanadate (POV) compounds have the structural specificities to possesses in
the same molecule V-O bonds of a wide various V-O interatomic distances (from
1.608(1) to 1.241(1) A). During the last decade, we have realized 4 experimental charge
density studies on POV, for which we have been able to determine a topology analysis
[1]. Parallely, we have determined the theoretical AIM study of different functionalized
hexavanadates. The very good agreement between experimental and theoretical values
allows us to go deeply into the nature of the V-O bond. The different criteria established
by Gatti [2] from the QTAIM studies give a picture of this bond. The different tools used
for characterization of a bond will be discussed in this talk.
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Figure (Left) Behavior of p(r.,)(4) versus V-0 interatomic distance from experimental values.
(Right) Pp(r.) (eA”) as a function of H(r,) (a.u.) for the V6 (experimental and theoretical). The
grey squares represent the region defined by Gatti [2]. The green square the new region, named

intermediate n°2.

[1]a) G.A. Bogdanovic et al, J. Serb. Chem. Soc., 72 (2007) 545-554. b) N. Bosnjakovic-
Pavlovic et al, Inorg. Chem., 48 (2009) 9742-9753. ¢) X. Xu et al, Phys. Chem. Chem.
Phys., 19 (2017) 18162-18166.

[2] C. Gatti, Z. Kristallogr., 220 (2005) 399-457.
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YJIOI'A MEBYMOJIEKYJCKUX HHTEPAKIIUJA Y
KPUCTAJIHOM ITAKOBABY 3-U30IIPOIINJI U
3-IMUKJIOITPOIINJI AEPUBATA ®PEHUTOUHA
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CunTteTHcaHa cy 1Ba fepuBarta GeHuronHa (5,5-1npeHUIXHIAaHTONHA) U opelhere cy
BUXOBE KpHUCTallHE CTPYKType. YpaheHa je KBaHTHTATHBHA AaHaNIW3a KPUCTAIHOT
[IaKOBama ca aclekTa MehyMONeKyJICKMX WHTepaKkuuja W CTPYKTYPHHUX MOTHBA.
Kpucranno MaKOBambe 3-m30mponmi-5,5- 1 eHIITXHTaHTONHA caJpXu
LEHTPOCHMETPHUYHE IuMepe moBe3aHe mapoM N—H--O BOIOHHYHHX Be3a KOjH Ce Iajbe
ympekaBajy momohy C—H:+O uHTepakiMja W mapaleHHX HHTepakiyja u3mel)y (QeHuTHHX
MPCTEHOBA HA BEJMKOM pacTojamy y JaHie mapanente c-ocu (cmuka 1). OcHoBHa
KapaKTePUCTHKA KPUCTATHE CTPYKTYpe 3-IHKIOMPOMMI-S,S-TU(GESHUIXHIAHTONHA jecy
nmaHmM Koju Hactajy npeko N-H-O Bogmonmunux Besa, C—H~-O u C-H-7 uHTepakuuja
(cimka 2). TIpeacTaB/beHO HCTPKUBALE Jaj¢ YBH Y YIIOTY Mel)yMOJIEKyJICKMX HHTEpaKIyja y
KPUCTATHOM TaKOBaly MMPOYYaBaHUX jeIMEbCHa, Ka0 U JIaJbe CMEPHHIE 32 JIU33jHUPAC
HOBHX JiepuBaTa ()eHHUTOMHA ca TT00OJBIIIAHUM (PapMaliey TCKMM CBOjCTBUMA.

) 1

1)
~
Crmixa 1. Lentpocuverpuuns R,%(8) npeTeH 3-M30Mponui-5,5- i eHIIX HIaHTONHA.

CtpykTypHU MOJIaLH 3-uzonponui-S,5-audeHIIXHIaHTOHHA: Ci3HsN,O,,
TPUKIMHUYAH CHCTeM, TmpocTopHa rpyma P-1, a=38,5357(9), b=28,6225(8),
c=12,3979(9) A, a=104,010(7), f=91,826(7), y=115201(10) °, ¥V'=791,54(14) A°,
R, =0,0473.

CTpyKTypHUI TI01aIU 3 -ITUKJIONPOTII-5, 5 - I () SHUITX U TAHTOWHA: CisHisN,O,,
MOHOKJIMHAYAH CHUCTEeM, MpocTopHa rpymna P2,/c, a=11,5996(5), b=10,6459(3),
c=12,2992(5) A, p=101,977(4) °, V = 1485,74(10) A3, R, =0,0403.
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Two derivatives of phenytoin (5,5-diphenylhydantoin) were synthesized and their crystal
structures were determined. The quantitative analysis of the crystal packings in terms of the
contributing intermolecular interactions and structural motifs has been done. The crystal pack-
ing of 3-isopropyl-5,5-diphenylhydantoin contains centrosymmetric dimers linked by paired
N-H:-O hydrogen bonds which further self-organize through pairs of C—H--O interactions and
a parallel interaction of two phenyl rings at a large offset into chains running along the c-axis
(Figure 1). The principal feature of the crystal structure of 3-cyclopropyl-5,5-
diphenylhydantoin is formation of the chains by N—H:-O hydrogen bonds, C-H--O and C—
H:-z interactions (Figure 2). The presented investigation provide not only new insight into the
role of intermolecular interactions in the crystal packing, but also guidance for furthering
crystal engineering to design novel hydantoin derivatives with improved pharmaceutical
properties.
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Figure 2. Supramolecular chain of 3-cyclopropyl-5,S-diphenylhydantoin along the c-axis.

Crystal data for 3-isopropyl-5,5-diphenylhydantoin: C;gH;sN,O,, triclinic, P-1,
a=85357(9), b=8.6225(8), c=1239799)A, «a=104.010(7), p=91.826(7),
y=115.201(10) °, V' =791.54(14) A%, R, = 0.0473.

Crystal data for 3-cyclopropyl-5,5-diphenylhydantoin: C,gH4sN,O,, monoclinic, P2,/c,
a=11.5996(5), b =10.6459(3), ¢ = 12.2992(5) A, = 101.977(4) °, V= 1485.74(10) A®,
R, =0.0403.
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CTEKHUHI' UTHTEPAKIIUJE CA BEJIMKUM XOPU3OHTAJIHUM
HOMEPABBUMA U IUBOJOHUYHE BE3E BOPA3UHA
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Beoepao; ° Texcac A&M yHugepsumem y Kamapy, Henapmman 3a xemujy, n. gpax 23874,
Loxa, Kamap

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

3amena C-C jenmuHHMIa Y OPraHCKUM MOJICKYJIHMMa W30eJeKTOHCKUM B-N jenuannama
MOXe€E JOBECTH JI0 jEAWHCTBEHHX oOcoOuMHa noOujeHux cyncraniy [1]. CrekuHr
uHTepakuuje OopasuHa (B3;N3;Hg) cy crora mpoyuaBane u mopeheHe ca CTEKHHT
WHTepakiujama Oensena [2, 3].

CkeHupame NOBpIIMHE MOTEHIMjaHe SHEprHjeé CTEeKHHI WHTepaKkiuja y AuMepy
6opasuHa ypaheno je Ha B3LYP-D3/def2-TZVP nuBoy Teopuje, Koju je y n00poj
carnacHoctu ca CCSD(T)/CBS nuBoom [4]. C 003upom na je ckeHupame ypaheHo 3a
XOpH30HTaNTHA HoMepama 10 7,5 A, npomahien je Bemuxu 6poj cTaOWIHHX mUMepa
6opasuna. Takolhe, CBM MHHHUMYMH MpOHAl)eHH OBHM CKCHUpAmEM Cy ONTHMH30BaHU
B3LYP-D3/def2-TZVP nuBoom Teopuje.

Hajjaua crtekuHr unTepakuuja usmel)y Monekyna Oopa3sMHa KMMa aHTHUIApaJeNHY
cernsuu opujeHtanujy, ca CCSD(T)/CBS eneprujom unrepakuuje on —3,57 kcal/mol
[4], wTo je jaue ox cTekwHr WHTepakimje uaMehy monekyna Genzena (—2,73 kcal/mol)
[2]. Ha BenukuM XOpH3OHTATHHUM HoMmepamuMa (mpeko 4,5 A) crexkunr unTepakiuje
uzmel)y mosekyna GopasuHa umMajy enepruje on oko —2,0 kcal/mol, mTo je ciuuHO
CTEKMHI' MHTEpaKI{jaMa ca BEJIMKAM XOPH30HTAJIHUM HOMepamHMa H3Mel)y Moiekyla
6ensena [3]. IMopen Tora, y quMepuma OopasuHa MpoHal)eHo je JMBOJIOHUYHO BE3MBAIHE,
a Hajjaue umma eHeprujy ox —2,73 kcal/mol. SAPT ananu3a mokazana je nga je
CNIEKTPOCTAaTUYKAa KOMIIOHEHTa €HEepruje HajBakKHHja 3a CTAOMJIHOCT OBUX JHMepa
Oopasuna. CBe mnpedepeHTHEe TreoMeTpHje W PelaTHBHE jaunHe WHTepakiyja MOTy ce
00jaCHUTH IOCMATPakEM EJIEKTPOCTaTHYKKX MOTeHIKjana GopasuHa [4].

VY kpucTanHUM CTpyKTypama OopasuHa mpoHaljeHe Cy caMO CTEKHHT HHTEepaKluje ca
BEJIMKMM XOPU3OHTAIHUM MOMEpamuMa, Ka0 ¥ BOJOHHYHO M JAWBOJOHUYHO BE3UBAME
[4]. Nako HuCy Hajjaue, OBE MHTEpakKiMje Cy MPUCYTHE Yy KpUCTalIMMa 300T TOra LITO
BHUX0BE reoMeTpuje omoryhasajy Gopmupame 0JaTHUX CUMYITaHUX MHTEPAKIHUja, KOje
JOIPHHOCE CBEYKYIIHO] CTa0MIHOCTH CYIPaMOJIEKYJICKUX CUCTEMA.

[1] M. Stojanovi¢, M. Baranac-Stojanovic¢, New J. Chem., 42 (2018) 12968-12976.

[2] E.C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza, K.S. Kim, J. Phys. Chem. A,
111 (2007) 3446-3457.

[3] D.B. Ninkovi¢, G.V. Janjic, D.Z. Veljkovi¢, D.N. Sredojevi¢, S.D. Zarié,
ChemPhysChem, 12 (2011) 3511-3514.

[4] D.P. Malenov, A.J. Aladi¢, S.D. Zari¢ (2019) na peyensuju.
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The replacement of C-C units in organic molecules with isoelectronic B-N units can
lead to unique properties of the obtained compounds [1]. Stacking interactions of bora-
zine (B3N3;Hg) were therefore studied and compared with the stacking interactions of
benzene [2, 3].

Scan of potential energy surface for borazine-borazine stacking was performed at
B3LYP-D3/def2-TZVP level of theory, which is in very good agreement with the
CCSD(T)/CBS level [4]. Since the scan was performed for horizontal displacements up
to 7.5 A, a large number of stable borazine dimers was found. Additionally, all the mini-
ma found by this scan were optimized at BALYP-D3/def2-TZVP level of theory.

The strongest stacking interaction between borazine molecules has antiparallel sand-
wich orientation, with CCSD(T)/CBS interaction energy of —3.57 kcal/mol [4], which is
stronger than stacking between benzene molecules (—2.73 kcal/mol) [2]. At large horizon-
tal displacements (over 4.5 A) stacking interactions between borazine molecules have the
energies of about —2.0 kcal/mol, which is similar to the stacking at large horizontal dis-
placements between benzene molecules [3]. Additionally, dihydrogen bonding was found
in borazine dimers, the strongest having the energy of —2.37 kcal/mol. SAPT analysis
showed that electrostatic energy component is the most important for the stability of
these borazine dimers. All preferred geometries and relative interaction strengths can be
explained by observing the electrostatic potentials of borazine [4].

In the crystal structures of borazine only stacking interactions at large horizontal dis-
placements and hydrogen and dihydrogen bonding were found [4]. Although they are not
the strongest, these interactions are present in the crystals since their geometries enable
the formation of additional simultaneous interactions, which contribute to overall stability
of supramolecular systems.

[1] M. Stojanovi¢, M. Baranac-Stojanovic¢, New J. Chem., 42 (2018) 12968—12976.

[2] E.C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza, K.S. Kim, J. Phys. Chem.A,
111 (2007) 3446-3457.

[3] D.B. Ninkovi¢, G.V. Janji¢, D.Z. Veljkovi¢, D.N. Sredojevi¢, S.D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.

[4] D.P. Malenov, A.J. Aladi¢, S.D. Zari¢ (2019) under review.
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MoutekyIt BoJie je CBEPUCYTaH y PHPOIH. 300T MoJapHe CTPYKTYpe U CIIOCOOHOCTH
BOJIOHHYHOT BE3MBama, MOJEKYJH BOJE WIpajy BaXKHY YJIOTY Y MHOTHUM >KHBOTHHUM
MporecuMa, Kao W Yy MaKoBakby KPHUCTAIHHUX CTPYKTypa Majux MoJieKyja. Tokom
MPOTEKINX JCLEHHja, CTPYKTypa MOJIEKyJla BOJE HMHTEH3MBHO je mpoydaBana [1,2].
YTBpheHo je na ciaoboaHU MoJeKyn Boje y racHoj ¢asu mma yrao Bese (H-O-H) ox
104,52 + 0,05° [3], nok je yrao Be3e KOA KpUCTAIHUX Xuapara u3 Buiie ox 40 cTpyKkTypa
peIIeHNX HEYTPOHCKOM AM(PAKIMOHOM aHAIHM30M y pactony ox 102,50° no 115,25° [4].
IIpopauyHy NOTEHLMjaIHUX TOBPIIMHA CHEKTPOCKOIICKUX EHEpruja IMoKasald cy Ia
paBHOTEXHa CTPYKTypa MOJIEKyJa Boje nMa yrao Bese ox 104,501 + 0,005 [5].

VY 0BOM HCTpaKMBamy, aHAJIH3UPAIH CMO CTPYKType, apxuBupaHe y KemOpmuxoj
Kpucranorpadckoj 6a3u mojaaraka, Koje caapxe BoAy M M3BPIUIHIM ab-initio IpopadyHe
3a pa3iIMYHTe YIIIOBE BE3€ y MOJIEKYITy BOJE.

Pe3ynratn aHamm3e CTPYKTypa Koje Cy pelieHe HEYTPOHCKOM W PEHITeHCKOM
mudpakoHoM aHamm3oM ca R daktopom < 0,1 mokazamum cy Ja IOCTOjU BeJIHKa
HecarJIaCHOCT BpEIHOCTH YIJIOBa Be3e oj wujeaiHe/mx. Haume, omcer yria Bese y
HEYTPOHCKU PELIeHUM CTpyKTypama je 79,76—141,64°, 1ok je y pEeHAreHCKH pEelIeHHM
crpykrypama 17,03—180,00°. W3pauyHaBameM KpUBE IOTEHIMjaIHE CHEpruje ca
MPOMEHOM YyIJjIa Be3e MMOKa3aHo je Jia Cy yIJIOBH Be3e M3BaH orcera of oko 93,0-116,0°
NPWINYHO CyMbUBU. CXOZHO TOME, TO OM JIOBEJNO Yy MUTalke HajMamwe 15% peHareHcku
pelLIeHNX CTPYKTypa Koje caipxke YIUTHE FeoMeTpHje MOJIeKyJIa BOJIE.

[1] F. Martin, H. Zipse, J. Comput. Chem., 26 (2005) 97-105.

[2] K. Ichikawa, Y. Kameda, T. Yamaguchi, H. Wakita, M. Misawa, Mol. Phys., 73
(1991) 79-86.

[31 W. S. Benedict, N. Gailar, E.K. Plyler, J. Chem. Phys., 24 (1956) 1139-1165.

[4] G. Ferraris, M. Franchini- Angela, Acta Crystallogr., B28 (1972) 3572-3583.

[5] O.L. Polyansky, A.G. Csaszar, S.V. Shirin, N.F. Zobov, P. Barletta, J. Tennyson,
D.W. Schwenke, P.J. Knowles, Science, 299 (2003) 239-242.

34



26™ Conference of the Serbian Crystallographic Society

ARE THE BOND ANGLES OF WATER MOLECULES IN
CRYSTAL STRUCTURES RELIABLE?
JOINT CAMBRIDGE STRUCTURAL DATABASE AND
AB-INITIO CALCULATION ANALYSIS.

M. R. Milovanovi¢ * J. M. Zivkovi¢ * D. B. Ninkovi¢ * I. M. Stankovi¢ °,
S. D. Zari¢ 4

“ Innovation centerof the Faculty of Chemistry, Studentski trg 12-16, Belgrade, 11000,
Serbia; * Institute of Chemistry, Technology and Metallurgy, University of Belgrade,
Njegoseva 12, 11000 Belgrade, Serbia,; © Faculty of Chemistry, University of Belgrade,
Studentski trg 12-16, Belgrade, 11000, Serbia; * Texas A&M University at Qatar, Educa-
tion City, PO Box 23874, Doha, Qatar

e-mail: milovanovicmilanl 1 @gmail.com

Water molecule is omnipresent in nature. Due to polar structure and ability for hydro-
gen bonding water molecule plays important role in many life processes as well as in
packing of small molecules crystal structures. Over the past decades, the structure of
water molecule has been intensively studied [1,2]. It has been found that a free water
molecule in gas phase has the bond angle (H-O—-H) of 104.52 + 0.05° [3], while the bond
angle of crystalline hydrates from over 40 structures solved by neutron diffraction analy-
sis is in range from 102.50° to 115.25° [4]. Spectroscopic potential energy surface based
calculations showed that equilibrium structure of water molecule has the bond angle of
104.501°+ 0.005 [5].

In this study, we performed an analysis of water containing structures archived in
Cambridge Structural Database (CSD) as well as ab-initio calculations on a range of
bond angles of water molecule.

Results of analysis of structures solved by neutron as well as by X-ray diffraction
analysis with R factor < 0.1 showed that there is a large discrepancy of the bond angle
values from the ideal one(s). Namely, the range of the bond angle in neutron solved struc-
tures is 79.76—141.64° while in X-ray solved structures is 17.03—180.00°. By calculating
the energy protentional curve of the bond angle change it is shown the bond angles be-
yond the range of ca. 93.0-116.0° are rather doubtful. Accordingly, it would lead to at
least 15% of X-ray solved structures that contain questionable water molecule geome-
tries.

[1] F. Martin, H. Zipse, J. Comput. Chem., 26 (2005) 97-105.

[2] K. Ichikawa, Y. Kameda, T. Yamaguchi, H. Wakita, M. Misawa, Mol. Phys., 73
(1991) 79-86.

[3] W. S. Benedict, N. Gailar, E.K. Plyler, J. Chem. Phys., 24 (1956) 1139-1165.

[4] G. Ferraris, M. Franchini- Angela, Acta Crystallogr., B28 (1972) 3572-3583.

[5] O.L. Polyansky, A.G. Csaszar, S.V. Shirin, N.F. Zobov, P. Barletta, J. Tennyson,
D.W. Schwenke, P.J. Knowles, Science, 299 (2003) 239-242.
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Selen i sumpor su dva vrlo bliska elementa, prisutna u vecini biohemijskih reakcija.
Selen je istovremeno i esecijalan mikronutritient i toksi¢an u ve¢im koli¢inama. Svoje
bioloske funkcije ispoljava u obliku selenoproteina. To su jedinjenja koja sadrze Se u
obliku 21. amino-kiseline (selenocistein, Sec), analoga cisteinu gde su svi sumporovi
atomi bo¢nog lanca zamenjeni selenom. Bolji uvid u prirodu ovih nekovalentnih intera-
kcija pruzila je grupa na ¢elu sa M. Senéanskim [1].

1z Kembricke baze strukturnih podataka izdvojene su sve strukture koje sadrze Se i S,
kod kojih je rastojanje (d parametar) izmedu atoma Se i nekog drugog atoma A manje od
4,5 A, auslucaju S atoma d < 4,0 A (slika 1). Rezultati statisti¢ke analize su prikazani u
tabeli 1.

NG N Tabela 1. Rezultati statisticke analize kristalnih struktura koje sadrze
,fz,,(\Ajfx dA\ selen i sumpor
R R Y
H2C GEOMETRIJA 3 .
L9 RxX csD  Sclen(Se) i — Sumpor (8) -
A 7 analiza geomelrija ~ geometrija  geomelrija geometrija  geometrija  geometrija
R ! 2 5 2 3
. Broj kontakta 7714 829 166 135 882 13910
. Sllka 1. e A H(7114) Se (432) Cyp (148) H (125288) S (10066)
Model sistemi i geometrijski Tip C-HSe Se-Se Se-m C-H-S 58
. g . interakeije (81.7%) (5.0%) (1.9%) (80.5%) (6.5%)
parametri koriS¢eni za pretragu Ukupan broj o . .
. : ! 8709 5568
Kembricke baze strukturnih podataka kontakta

Rezultati su ukazali na sli¢ne tendencije ova dva elementa u udelima pojedinih vrsta
imterakcija. Kristalografska analiza je pokazala da su najbrojnije strukture sa C-H/Se i
C-H/S interakcijama (oko 80%), iako su slabije od klasi¢nih vodoni¢nih veza ovih
elemenata, paralelnih i tetrelnih Se/Se i S/S interakcija, kao i Se/n i S/z interakcija.

Predvidanje biloskih aktivnosti, primenom molekulskog dokinga, pokazalo je da
zamena S sa Se vodi obi¢no jaCem vezivanju Se derivata za ciljani enzim, u poredenju sa
S jedinjenjem, a da su se razlike u mestu vezivanja javile tek u slucaju kada je za Se (S)
direktno vezana grupa sa donorskim sposobnostima za vodoni¢no vezivanje.

[1] M. Senéanski, I. Pordevié, S. Grubisic, J. Mol. Model., 23 (2017) 162-166.
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Selenium and sulphur are two closely related elements. In nature they are both present
in majority of biochemical reactions. Selenium is an essential micronutrient, but is it is
also toxic in excess. Selenium expresses its biological functions through selenoproteins.
They contain selenium in the form of the 21st amino acid, selenocysteine (Sec), which is
an analog of cysteine with the sulfur-containing side chain replaced by a Se-containing
side chain. Better insight in the nature of these noncovalent interactions was offered by
M. Sencanski [1].

The crystallographic study is based on structures obtained from the Cambridge
Structural Database (CSD) with Se and S interactions. The particular structure was
considered "a hit" if the distance (d parameter) between the Se atom and A (any atom) is
less than 4.5 A (for Se interactions), or less than 4.0 A for S interactions (Figure 1). The
results of statistics analysis of Se and S interactions are presented in Table 1.

HaC. GEOMETRUA 1 HoC. GEOMETRUAZ

g Table 1. The results of statistics analysis of selenium and sulphur
>.~‘4—{A%X -94--(A§ interactions in crystal structures
N
R R Y
H:2C. GEOMETRIJA 3 Y CSD Selenium (Se) Sulphur (S)
P4 analysis geometry 1 geometry 2 geometry 3 geometry 1 geometry 2 geometry 3
""" ax RGmbEE of 7714 829 166 135 882 13910 5889
R z contacts
) H (7114) Se (432) Con (148) H(125288) S (10066)  C., (5161)
Figure 1. The model systems and Type of C-H Se Se Se Se-n CHS 5§ S
. interactions (81.7%) (5.0%) (1.9%) (80.5%) (6.5%) (3.3%)
geometric parameter used for Total number . 155 651
. 8709 56
Searchlng CSD Of contacts

Based on statistical data analysis from all crystal structures, sulphur and selenium
display similar tendency towards specified interactions. An obtained crystallographic
analysis reveals that the most numerous are structures with C-H/Se and C-H/S
interactions (~80%). Both C—H/Se and C-H/S interactions are weaker than classical
hydrogen bonds, parallel and electrostatic tetrel Se/Se i1 S/S interactions, and Se/n and S/n
interactions. Prediction of biological activities, using a molecular docking, showed that
replacing of S with Se atom mainly leads to stronger binding of Se derivatives on the
target enzyme, in comparison with the S compound. The binding at differente sites
occurrs only when Se and S atom is directly conjugated with a group with donor
capabilities for hydrogen bonding.

[1] M. Sencanski, I. Pordevi¢, S. Grubisic¢, J. Mol. Model., 23 (2017) 162-166.
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Nekovalentne interakcije imaju znacajnu ulogu u formiranju supramolekulskog
kristalnog pakovanja molekula. Interakcije koje ukljucuju atome halogena obezbeduju
slabo, ali visoko usmerenu kontrolu pakovanja molekula u ¢vrstom stanju. Uvodenje
F-atoma moze dovesti do znacajnih promena u 2D ili 3D strukturama [1], povecanja
stabilnosti biomolekula [2] ili poboljSanja dizajna lekova [3]. Da bi se ispitao efekat
supstitucije H-atoma F-atomom, sintetisana su i strukturno okarakterisana dva derivata
hidantoina: C15H16N203 (1) i C15H15N203F (2) (shka)

Analiza kristalnih pakovanja 1 i 2 pokazala je da su
NH O i CH O vodoni¢ne veze najbrojnije. U strukturi
2 se zbog fluorovanja povecava broj interakcija
cikloheksilnog (Ch) i fenil-grupe (Ph) prstena (CH 'z
interakcije), kao i izmedu dva Ph prstena (-7
interakcije). Kvantno-hemijski proracuni na model
sistemima koji predstavljaju dimere derivata hidantoina
i izolovanih cikli¢nih jedinjenja, pokazali su da
fluorovanje utice na stvaranje ja¢ih CH 7z i 7«
interakcija. Atom F u 2 ucestvuje u formiranju tri
CH F i jedne FF interakcije, §to je u saglasnosti sa
rezultatima Kembridzke baze podataka, koji su pokazali
da su najbrojnije CHF i FF interakcije, a njihova B~ R <A
jacina dostize vrednost 2 kcal-mol ™. ) e e

Kristalogafski podaci: 1, P-1, a=6,3079(13), \ :
b=10,573Q2), c=11,4152) A, a = 6721(3), 5 = 78,84(3), X
y = 76,16(3)°, R, = 6,06%; 2, P-1, a = 5,9981(12), b = A A

/.

11,148(2), ¢ = 12,073(2) A, a = 108,98(3), # = 101,57(3),

y=105,27(3)°, R, = 4,82%.

[1] T. Frisci¢, D.G. Reid, G.M. Day, M.J. Duer, W.

Jones, Cryst. Growth Des., 11 (2011) 972-981.

[2] A.R. Voth, P. Khuu, K. Oishi, P.S. Ho, Nat Chem., 1 (2009) 74-79.
[3]1S. G. DiMagno, H. Sun, Curr. Top. Med. Chem., 6 (2006) 1473—1482.
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Non-covalent interactions have a significant role in supramolecular crystal packings
of the molecules. Halogen interactions provide weak but highly directed control of the
packing of molecules in the solid state. Introduction of F atom can leads to significant
differences in 2D or 3D structures [1], higher structural stability of biomolecules [2] or
improve drug design [3]. In order to examine the substitution effect of H atom with F
atom, two hydantoin derivatives were synthesized and structurally characterized:
CisH16N,Os (1) i CysHisN,O5F (2) (Figure).

Crystallographic analysis of 1 and 2 showed that
NH O and CH O hydrogen bonds are the most numerous
in their crystal packings. Due to fluoridation in 2, the num-
ber of interactions among cyclohexyl (Ch) and phenyl ring
(Ph) rings (CH 'z interactions), as well as among two Ph
rings (z-7 interactions) is increased. Quantum-chemical
calculations on the model systems presented by dimmers
of hydantoin derivatives and isolated cyclic compounds,
verified that fluoridation caused the formation of stronger b J
CH 7z and 7-r interactions. The F atom in 2 is involved in /%
three CH'F and one FF interactions, which is in agree- ¢ (_ (T
ment with the results from the Cambridge Structural Data- . :
base, which have shown that CHF and FF interactions
are the most numerous, and their strength reaches the value
of 2 kcal-mol . i

Crystallographic ~ data: 1, P-1, a=6.3079(13), K
b=10.573(2), c = 11.415Q2) A, a = 67.21(3), B = 78.84(3), S
y = 76.16(3)°, R, = 6.06%; 2, P-1, a = 5.9981(12),
b=11.148(2), c = 12.073(2) A, . = 108.98(3), = 101.57(3), y = 105.27(3)°, R, = 4.82%.

[1] T. Fris¢i¢, D.G. Reid, G.M. Day, M.J. Duer, W. Jones, Cryst. Growth Des., 11 (2011)
972-981.

[2] A.R. Voth, P. Khuu, K. Oishi, P.S. Ho, Nat Chem., 1 (2009) 74-79.

[3]1 S.G. DiMagno, H. Sun, Curr. Top. Med. Chem., 6 (2006) 1473—1482.
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S-etil derivat tiosalicilne kiseline dobijen je reakcijom alkilovanja tiosalicilne kiseline
etil-bromidom u baznoj sredini i smes$i voda-etanol kao rastvaracu. Tako dobijena
reakciona smesa je ostavljena tokom noci na 60 °C i zagrevana na vodenom kupatilu
kako bi ispario etanol. U dobijeni vodeni rastvor dodata je razblazena
hlorovodoni¢na kiselina usled ¢ega je doSlo do taloZenja liganda. Beli talog S-etil
derivata tiosalicilne kiseline je filtriran, ispiran vodom i suSen na vakuumu. Kristali
pogodni za rendgensku strukturnu analizu dobijeni su sporom prekristalizacijom iz
sistema etanol-voda.

Kristalografski podaci: empirijska formula CoH,00,S, M, = 182,23, triklini¢ni
kristalni sistem, P-1, a=5,09130(10), b = 8,2223(3), ¢ =10,5588(3) A, a=79,430(2),
£=181,469(2), y=280,571(2)°, V=42544Q)A°, Z=2, p=1423gcem>,
1=3,006 mm™, R[> 20(])] = 0,0270, wR, = 0,0728.

Struktura (slika 1) je reSena
koris¢enjem programa SHELXT [1], a
potom uta¢njavana pomocu programa
SHELXL [2], implementiranog u okviru
WinGX programskog paketa [3]. Anali-
za duzina veza i uglova izvSena je
koris¢enjem SHELXL i PLATON [4];
DIAMOND je kori$¢en za molekularnu
grafiku.

Slika 1. Kristalna struktura S-etil derivata
tiosalicilne kiseline

[1] G.M. Sheldrick, Acta Crystallogr., A71 (2015) 3-8.
[2] G.M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.
[3]1L.J. Farrugia, J. Appl. Crystallogr., 32 (1999) 837-838.
[4] A.L. Spek, Acta Crystallogr., D65 (2009) 148-155.
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S-ethyl derivative of thiosalicylic acid was prepared by alkylation of thiosalicylic
acid by ethyl-bromide in alkaline water-ethanol solution. The resulting
mixture was kept overnight at 60 °C and ethanol was evaporated off on a water bath.
Diluted hydrochloric acid was added to the resulting water solution and ligand was
precipitated. S-ethyl thiosalicylic acid as a white precipitate was filtered, washed with
water and dried under vacuum. Single crystals suitable for X-ray analysis were obtained
by slow recrystallization from ethanol-water system.

Crystallographic data: empirical formula CgH,00,S, M, = 182.23, triclinic
crystal  system, P-1, a=5.09130(10), b=82223(3), «c¢=10.5588(3)A,
a=79.430(2), f=81.469(2), y=80.571(2)°, V=425.442) A’, Z=2, p=1.423 gem™,
1=3.006 mm™, R[] >20(])] = 0.0270, wR, = 0.0728.

The structure (Figure 1) was solved
by SHELXT [1] and refined using
SHELXL [2], implemented in WinGX
program suit [3]. The analysis of bond
distances and angles was performed
using SHELXL and PLATON [4];
DIAMOND was used for molecular
graphics.

Figure 1. Crystal structure of S-ethyl derivative of
thiosalicylic acid

[1] G.M. Sheldrick, Acta Crystallogr., A71 (2015) 3-8.
[2] G.M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.
[3]1L.J. Farrugia, J. Appl. Crystallogr., 32 (1999) 837-838.
[4] A.L. Spek, Acta Crystallogr., D65 (2009) 148-155.
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Novosintetisani derivat oktopamina dobijen je meSanjem i refluktovanjem
ekvimolarnih koli¢ina 3-acetil-4-hidroksi kumarina i oktopamina u metanolu. Tok
reakcije je praéen pomocu TLC (toluen : aceton = 7 : 3). Nakon zavrSene reakcije rastvor
je hladen do sobne temperature. Dobijeni beli kristali su procedeni i suSeni na vazduhu.
Prekristalizacija je vrSena iz etanola. Pretpostavljena struktura dobijenog jedinjenja
potvrdena je na osnovu rezultata rendgenske strukturne analize.

Kristalografski podaci: triklini¢ni kristalni sistem, prostorna grupa P1, veli¢ina
kristala 0,234 x 0,066 x 0,044 mm’, parametri jedinicne celije a = 7,0726(2),
b = 9,8752(2), ¢ = 12,7283(3) A, a = 99,978(2), # = 99,380(2), y = 110,120(2)°,
V="797944)A> Z=2, p,=1,412 mg/m’, u = 0,855 mm ™, R, = 0,0563, wR, = 0,1311.

Slika 1. Molekulska struktura novog oktopaminskog derivata kumarina
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The newly synthesized octopamine derivative was obtained by mixing and refluxing
the equimolar amounts of 3-acetyl-4-hydroxy coumarin and octopamine in methanol.
Progress of reaction was monitored by TLC (toluene : acetone = 7 : 3). At the end of the
reaction, solution was cooled at the room temperature. The obtained white crystals were
filtered, air dried and recrystallized from ethanol. Proposed structure of the obtained
compound was confirmed by X-ray structural analysis.

Crystal data: triclinic crystal —system, space group PI, crystal size
0.234 x 0.066 x 0.044 mm’, unit cell parameters a = 7.0726(2), b = 9.8752(2),
c=12.7283(3) A, a =99.978(2), f = 99.380(2), y = 110.120(2)°, V' =797.94(4) A*, Z =2,
p=1.412 mg/m’, u = 0.855 mm ', R, = 0.0563, wR, = 0.1311.

Figure 1. Molecular structure of new octopamine derivative of coumarin
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VY peaxiuju XKupaposor T peareHca u 2-anetwinupuanHa (Moyicku ogHoc 1:1) y
metHony cunTtetrcad je nurann HLCIL YV peakiuju Cu(BF,),"6H,0 u nuranma HLCI y
MeTHONy aodujeH je xommuiekc onmte (opmyne [CuLCl|BF, (1). Kama je kao u3Bop
Cu(Il) jona wxopumiher Cu(NO;),'3H,O, mox UCTUM yCIIOBHMA, TOOHMjEH je KOMILIEKC
ormmre ¢opmyse [CuLCI(NO;)] (2). Ctpykrype MOHOKpucTajda KoMmiuiekca 1 u 2 cy
onpeheHe peHIreHCKOM CTPYKTYPHOM aHAIH30M.

Kommnekc 1 (camka 1) Kkpucraiuime y MOHOKIMYHO] LEHTPOCHMETPHUYHO]
MIPOCTOpPHOj rpynu P2,/c, ca aCUMETPUYHOM jEAMHUIIOM KOja CagpXH KOMIUIEKCHH
katjon [CuLCl]" u meypehenu BF, amjon. Y kommiekcHom katjory 3a Cu(Il) jou
KOOpPAMHOBAH je TpUAEHTaTHH IBUTep-joHCkH Jurann L mpeko NNO noHopckor cera
atoma u Cl” joHa koju 3ay3uMa 4eTBPTO KOOpIUHAIMOHO MecTo. ['eomerpuja oxo Cu(Il)
joHa je nedopmmucaHa KBaJapaTHO-IUIaHapHa ca nmapamerpoM 7y 0,17. Kpucramorpadceku
nojamu 3a 1: a = 9,9440(4) A, b = 9,3620(4) A, ¢ = 18,5299(7) A, B = 95,626(3)°,
V= 1716,75(12) A?, Z = 4, m3mepeno 3931 He3aBHCHHX pedreKcHja, yTadmaBaHo 249
mapamerapa, R; = 0,0334, wR, = 0,0858, S = 1,050.

Kommneke 2 (cauka 2) KpUCTIMIIE Yy MOHOKJIMYHO] ILIEHTPOCHMETPHUYHO]
poCTOpHOj Tpymu P2,/c, ca acHMETPUYHOM jEOUMHULIOM KOja CaIpXH HEYTPaIHU
komruieke [CuLCI(NOs)]. Komrutekc 2 dopmupa ce koopaunaiujom Cu(Il) jona npeko
NNO noHOpcKOr ceta aToMa TPHASHTATHOT [IBUTEP-jOHCKOT Juranaa L, Xmopo ymranga
u NO; joHa KOOpPIMHOBAHOT NPEKO aroMa KHceoHuKa. KoopauHalMoHU mosmenap ce
¢dopmupa oxo Cu(Il) joHa xao axkcujasHO U3/y’KEHA KBaJpaTHa-MHUpaMHIA Ca WHIEKCOM
tpuronansoctu (zs) 0,23. Kpucranorpadbcxu momarmu 3a 2: a = 10,1820(6) A,
b = 8,6362(6) A, ¢ = 18,7170(11) A, B = 95,178(5)°, V = 1639,14(19) A®, Z = 4,
u3MepeHo 3657 He3aBUCHUX pediekcuja, yTaumaBaHo 212 mapamerapa, R; = 0,0346,
WwR, = 0,0872, §=1,034.
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Cauxka 1. ORTEP mpuxkas 1. Cauxka 2. ORTEP mpuxkas 2.
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The ligand HLC1 was synthesized by the reaction of Girard’s T reagent and 2-
acetylpyridine in methanol (molar ratio 1:1). In the reaction of Cu(BF,),-6H,0 and ligand
HLCI in methanol the Cu(Il) complex with composition [CuL.C1]BF, (1) was obtained. If
Cu(NOs3),-3H,0 was used as a source of Cu(Il) ions, under the same conditions, Cu(II)
complex with composition [CuLCI(NO;)] (2) was formed. The molecular structures of
complexes 1 and 2 were determined by single-crystal X-ray diffraction methods.

Complex 1 (Figure 1) crystallizes in the monoclinic centrosymmetric space group
P2,/c, with the asymmetric unit comprising one complex cation [CuL.Cl]" and statistical-
ly disordered BF, anion. The complex cation features a four-coordinate Cu(Il) center
with the NNO donor set of tridentate zwitter-ionic ligand L and the Cl™ ion supplement-
ing the fourth coordination site. The coordination geometry around Cu(II) may be de-
scribed as a distorted square planar with z; parameter of 0.17. Crystallographic data for 1:
a=9.9440(4) A, b=9.3620(4) A, c = 18.5299(7) A, = 95.626(3)°, V= 1716.75(12) A°,
Z = 4, 3931 independent reflections measured, 249 parameters refined, R; = 0.0334,
wR, = 0.0858, S = 1.050.

Complex 2 (Figure 2) also crystallizes in the monoclinic space group P2;/c, however,
the asymmetric unit of 2 comprises the neutral complex molecule [CuLLCI(NO;)]. The
complex 2 features a five-coordinate Cu(Il) center with the NNO donor set of tridentate
zwitter-ionic ligand L, and the CI” and O-bonded NO; ions occupying the remaining two
coordination sites. The coordination polyhedron around Cu(I) may be described as an
axially elongated square pyramid with an index of trigonality (zs) of 0.23. Crystallograph-
ic data for 2: a = 10.1820(6) A, b = 8.6362(6) A, ¢ = 18.7170(11) A,
£ =95.178(5)°, V' =1639.14(19) A’ Z=4,3657 independent reflections measured, 212
parameters refined, R; = 0.0346, wR, = 0.0872, S = 1.034.
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Figure 1. ORTEP presentation of the 1. Figure 2. ORTEP presentation of the 2.
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Heterocikli¢ne azo boje koje u svojoj strukturi imaju piridonsko jezgro pokazale su se
kao efikasni helatni ligandi pri formiranju bakar(II)-kompleksa [1]. Kompleksi azo
piridonskih boja primenjuju se u optickim slojevima za snimanje i karakteriSu se dobrom
stabilno$¢u na uticaj svetlosti i poviSene temperature [2]. Azo-hidrazon tautomerija
predstavlja znacajan fenomen pri kompleksiranju ovih boja sa jonima prelaznih metala,
zbog transformacije hidrazonskog mosta u bojama u azo-vezu u kompleksu.

Reakcijom 5-(4-hlorfenilazo)-1-etil-3-

cijano-6-hidroksi-4-metil-2-piridona
(HL) i Cu(CH;COO), H,0 rastvorenog u
N,N-dimetilformamidu (DMF) na sobnoj
temperaturi, sintetisan je kompleks
[CuL,(DMF)]-DMF. Kompleks  je
okarakterisan UV-Vis i ATR-FTIR
spektroskopijom, simultanom TG/DSC- i
rendgenskom strukturnom analizom.

Asimetri¢nu jedinicu kompleksa ¢ine
Cu(Il)-atom, dva helatna L-liganda, jedan
koordiniran i jedan nekoordiniran
Slika 1. Asimetricna  jedinica mplek}ll DMF V(sli.ka D. Kvadragr}o-
Cu(II)-kompleksa. Nekoordinirani ~ Piramidalno okr}lzenje Cu(II)—atoma cine
dva O-atoma i dva N-atoma iz dva
molekula L-liganda 1 O-atom iz
koordiniranog molekula DMF. Stabilizacija kristalne strukture postignuta je slabim
nekovalentnim interakcijama: C-H---O/N, =—z, C-H- -z, slobodan elektronski par-z i
Cl---Cl.

Kristalografski podaci: C3¢H3sN0O6Cl,Cu, M, = 841,20, triklinian sistem, prostorna
grupa P1, a=10,109(5), b= 11,753(6), c = 17,447(8) A, o= 74,152(4), B = 85,600(4),
y="77,357(4)°, V=1945,41(17) A, R, = 0,059 za 5929 refleksija sa I > 20(J).

molekul DMF i H-atomi nisu prikazani.

[1] X. Zhao, H. Qian, W. Huang, Dyes Pigments, 149 (2018) 796—803.
[2] X. Chen, Y. Wang, T. Tao, J. Geng, W. Huang, H. Qian, Dalton Trans., 42 (2013)
7679-7692.
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Heterocyclic azo dyes bearing pyridone ring as a coupling constituent are recognized
as efficient chelating agents for copper(Il) [1]. Complexes of azo pyridone dyes find
application in optical recording layers with improved light stability and are characterized
by good thermal and light stability [2]. Azo-hydrazone tautomerism of these dyes is
evidenced as the significant phenomenon in their coordination since hydrazone bridge in
dyes transforms to azo bond upon complexation.

In the reaction of
5-(4-chlorophenylazo)-1-ethyl-3-cyano-
6-hydroxy-4-methyl-2-pyridone (HL)
with  Cu(CH;COO),’H,O in N,N-
dimethylformamide (DMF) at room
temperature, a complex
[CuL,(DMF)]-DMF has been prepared.
The complex is characterized by UV-Vis
and ATR-FTIR spectroscopy,
simultaneous TG/DSC and single-crystal
X-ray analysis.

The asymmetric unit of the complex
is comprised of one Cu(Il) atom, two
chelate L ligands, one coordinated and
one noncoordinated DMF molecule
(Figure 1). Cu(Il) atom is surrounded by
two O and two N atoms from two L ligands and by one O atom from coordinated DMF,
forming a square pyramidal environment. The stabilization of the crystal packing is
achieved by weak non-covalent interactions: C—H---O/N, z—x, C-H- -z, lone pair—z and
Cl---ClL

Crystal data: C3gH3gN¢O6Cl,Cu, M, =841.20, triclinic, space group P 1,
a=10.109(5), b=11.753(6), c=17447(8)A, a=74.152(4), p=285.600(4),
y=77.357(4) °, V=1945.41(17) A’, R, =0.059 for 5929 observed reflections with
1 >20(]).

[1] X. Zhao, H. Qian, W. Huang, Dyes Pigments, 149 (2018) 796—803.
[2] X. Chen, Y. Wang, T. Tao, J. Geng, W. Huang, H. Qian, Dalton Trans., 42 (2013)
7679-7692.

Figure 1. Asymmetric unit of Cu(Il)
complex. Noncoordinated moleculeof
DMF and H atoms are not presented.
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Proteini koji sadrze bakrove ione imaju vrlo vaznu ulogu u biologiji, ukljucujuéi akti-
vaciju ili prijenos kisika, prijenos elektrona, redukciju dusikovih oksida, a vazni su i u
hidrolitickoj kemiji. Kemija koordinacijskih polimera od interesa je u modernim materi-
jalima zbog njihove potencijalne primjene u podrucju fizi- i kemisorpcije, katalizi kao i
optici. U ovom istrazivanju je za koordinaciju bakrovog(Il) iona uzeta L-piroglutaminska
kiselina (poznata i kao 5-okso-L-prolin). Radi se o derivatu prirodne aminokiseline kod
koje je slobodna amino skupina glutaminske kiseline ciklizirana u laktam. Dobiva se
zagrijavanjem glutaminske kiseline pri 180 °C a u Zivim organizmima nastaje iz gluta-
tiona djelovanjem y-glutamil ciklotransferaze.

Mi smo pripravili dva kompleksa, {[Cu,(x-L-PGA),]-2H,0}, (L-PGA =L-
piroglutamat ili deprotonirana L-piroglutaminska kiselina) (1), 2D-koordinacijski polimer
i [Cu(L-PGA),(H,0),], (2) koji je 1D-koordinacijski polimer. Zanimljivo je da smo ove
spojeve dobili bilo koristenjem racemicne smjese bilo L-piroglutaminske kiseline kao
reaktanta. 1 je nastao reakcijom Cu(OH), s D,L- ili L-piroglutaminskom kiselinom, dok je
za 2 polazna sol bila CuSO,4-5H,0.

U 1 su dva bakrova(Il) atoma koordinirana s Cetiri L-PGA liganda i tvore lopaticama
sli¢nu jedinku ,,paddle-wheel unit”. Dvije takve jedinke su premoStene L-PGA ligandom
tvore¢i 2D mrezu. Kristalna struktura 2 sastoji se od 1D polimera u kojem je svaki bak-
rov(Il) atom koordiniran s tri L-PGA liganda i dvije molekule vode. Dva L-PGA liganda
su koordinirana preko karboksilatnih kisikovih atoma dok je jedan vezan preko keto sku-
pine premosnog L-PGA tvoreci tako lance paralelne s osi a. Susjedni lanci su medusobno
povezani vodikovim vezama u dvostruke slojeve paralelne s (001) pri tome iskoristivsi
sve jake donorne i akceptorske atome (N—H---O and O—H---O). Hidrofobni dijelovi L-
PGA usmjereni su izvan sloja participirajué¢i samo u slabim van der Waalsovim kon-
taktima sa susjednim paralelnim slojevima. Medumolekulske interakcije su dodatno ana-
lizirane DFT proracunima koriste¢i analizu nekovalentnih interakcija (NCI). Kom-
putacijska analiza je potvrdila jake ionske, te slabe do srednje jake vodikove veze i
nekovalentne interakcije. Energije spomenutih interakcija nalaze se u intervalu
13,7-24,1 kI mol " i 5,1-10,8 kI mol ' u 11 13,9-25,2 kJ mol ' i 4,4-9,8 kJ mol ' u 2.
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Proteins containing copper centers play important roles in biology, including
dioxygen transport or activation, electron transfer, reduction of nitrogen oxides, and also
in hydrolytic chemistry. The chemistry of coordination polymers has also attracted much
attention as potential functional materials in the field of physi- and chemisorption,
catalysis as well as in optics. L-Pyroglutamic acid (also known as 5-oxo-L-proline) was
used for coordinating copper in this research. It is a natural amino acid derivative in
which the free amino group of glutamic acid cyclized to form a lactam. It can be formed
by heating glutamic acid at 180 °C and in living oganisms it is derived from glutathione
through the action of y-glutamyl cyclotransferase.

We have prepared two complexes, {[Cuy(#~L-PGA)s]-2H,0}, (L-PGA =L-
pyroglutamate or deprotonated L-pyroglutamic acid) (1), a 2D-coordination polymer, and
[Cu(L-PGA),(H,0),], (2), a 1D-coordination polymer. Interestingly, we obtained these
compounds by using either racemic pyroglutamic acid or L-pyroglutamic acid as the
reactant. 1 was obtained from the reaction of Cu(OH), with D,L- or L-pyroglutamic acid,
while for 2 the starting copper salt was CuSO,4-5H,0.

In 1 two copper(Il) atoms and four L-PGA ligands form a paddle-wheel unit. The two
paddle-wheel units are linked by the L-PGA ligand in the head-to-tail fashion into a 2D
network. The crystal structure 2 is a 1D polymer with each copper(IT) atom coordinated
by three L-PGA ligands and two water molecules. Two L-PGA ligands are bonded
through the carboxylate oxygen atoms while one is bonded through the keto group of the
bridging L-PGA thus forming chains parallel to the a-axis. Neighboring chains are inter-
linked by hydrogen bonds into double sheets parallel to (001), utilizing all strong donors
and acceptors of the N-H:--O and O—H:---O type. Hydrophobic parts of L-PGA point
outward of the sheets forming only van der Waals contacts with the parallel sheets.

The intermolecular interactions were further analysed in detail with periodic DFT cal-
culations by using non-covalent interaction (NCI) plot analysis. The computational anal-
ysis revealed strong ionic, weak-to-medium strength hydrogen bonds and noncovalent
interactions. The energy for these interactions were estimated in the range of
13.7-24.1 kI mol ™ and 5.1-10.8 kJ mol ' in 1 and 13.9-25.2 kJ mol ™' and 4.4-9.8 kJ
mol " in 2.
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Novi  kompleksi  kadmijuma(Il),

[CA(HLI)])(Cl1O4), (1)

(slika 1) i

[CA(HL2),](C104),-2H,0 (2) (slika 2), sa (1,3-tiazol-2-il)hidrazonima su sintetisani i
okarakterisani difrakcijom rendgenskih zraka na monokristalima.

Molekulska

Slika 1. struktura
kompleksa 1. Atomi vodonika i
perhloratni joni su izostavljeni zbog
preglednosti.

Figure 1. Molecular structure of the
complex 1. For clarity, perchlorate
anions and hydrogen atoms have been
omitted.

Koordinacioni broj Cd(II) je Sest u oba
sluéaja i ligandi su koordinovani u
neutralnom  obliku preko iminskog,
piridinskog 1 tiazolskog atoma azota.
Tridentatnom  koordinacijom  liganda
nastaju dva petoclana helatna prstena koja
su skoro u potpunosti planarna. Kod oba
kompleksa geometrija je deformisana
oktaedarska usled ograni¢enja uglova
koordinacionih veza. Metal-ligand veze su
u opsegu 2,300-2,400 A. U spoljasnjoj
sferi oba kompleksa nalaze se dva
perhloratna anjona, dok kompleks 2
kristaliSe kao dihidrat. Kompleksi kristalisu
u monokliniénom kristalnom sistemu ali u
razli¢itim prostornim grupama (1: C2/c;
2: P2y/n). Cd(II) jon u kompleksu 1 se
nalazi u specijalnom polozaju (Vikofovo
slovo e) na osi 2.

Kristalno pakovanje oba kompleksa je

zasnovano na klasiénim  vodoni¢nim
interakcijama i elektrostatickim
interakcijama. Dodatno, pakovanje

kompleksa 2 je stabilizovano i C-H:-x
interakcijama.
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A novel Cd(Il) complexes,

[CA(HLI)])(Cl04), (1)

(Figure 1) and

[CA(HL2),](C104),-2H,0 (2) (Figure 2), with (1,3-thiazol-2-yl)hydrazones were prepared
and characterized by a single crystal X-ray diffraction analysis.

Figure 2. Molecular structure of the
complex 2. For clarity, hydrogen atoms,
perchlorate anions and crystalline water
molecules have been omitted.

Slika 2.  Molekulska  struktura
kompleksa 2.  Atomi  vodonika,
perhloratni joni i molekuli kristalne
vode su izostavljeni zbog preglednosti.

Coordination number of Cd(II) is six in

both cases and the ligands are coordinated in
neutral form via NNN donor atoms set:
pyridine and azomethine nitrogen atoms and
nitrogen atom from thiazole ring. Two al-
most completely planar five-membered
chelate rings are formed due to tridentate
coordination of the ligands. In both com-
plexes geometry is distorted octahedral
which is consequence of the limitation of
angles in coordination bonds. The metal-
ligand bonds are in the range of 2.300-2.400
A. In the outer sphere of both complexes
there are two perchlorate anions, while
complex 2 crystallizes as a dihydrate. Both
complexes crystallize in a monoclinic crys-
tal system, but in different space groups
(1: C2/c; 2: P2y/n). Cd(II) ion in complex 1
resides in a special position with site sym-
metry 2 (Wyckoff letter e).
Crystal packings of both complexes are
based on classical hydrogen bonds and
electrostatic interactions, while the packing
of complex 2 is additionally stabilized by
C—H:-m interactions.
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Mownonykineapuu (1) u nunykieapuu (2) xnopo komuiekcu Cu(Il) cunrerncanu cy y
peakuuju Cu(BF,),'6H,0 u nuranga HLCl y meranony. PactBop je peduykroBan 4 cara.
CriopyM HCTapaBameM pacTBapava TOKOM JieceT JaHa y (prkuuepy, 100ujeHe cy /Be
BPCTE 3€JIEHHX KpHCTala IOTOJHUX 32 PEHIATeHCKY CTPYKTYpHY aHamusy. I|JaBHH
IpoU3BOJ je jenumeme 1, nok ce 2 pobuja y TparoBuma. Kommiekc 1 ce cactoju us
kommiekcHoT kaTjora [CuL.Cl]" u meypehenor BF, amjoma. KOMITEeKCHH KaTjoH mMa
TPUACHTATHU LBUTEP-joHCKH Jurana L xoopauHoBan 3a jon Cu(Il) npexo NNO nonopa
cera aroMa JOK YETBPTO KOOPAMHALMOHO MecTo 3ay3uMa joH Cl (cimka 1).
Koopnunamono okpyxeme oko jona Cu(Il) je nehopmucano kBapaTHO-IDIaHAPHO.

Kommnekc 2 kpucranumie y MOHOKIMHHYHOj TPOCTOpHOj rpymu P2,/n, ca
aCHMETPUYHOM jeUHHLIOM Kojy uuHe jenaH joH Cu(Il), npurep-joncku murana L, jenan
muray Cl™ u jeman xontpa jon BF, . Kpucrtanna ctpykTypa IUHYKIeapHOT KOMILIEKca
ce cacToju o He3aBHUCHOT eHTpa Cul KOOpAMHOBAHOT 32 TPH JOHOPCKA aTOMa JITaHIa
(N1, N2 u O1) u nBa xyopo Jiuranzia KOOpaAnHOBaHa MOCHO (ciimka 2). OKpyKeme OKO
ceakor Cu(Il) je nedopmucana kBagpaTHa-MUpaMUIa ca MHACKCOM TPUTOHAIHOCTH (7s)
on 0,17.

Cauxka 1. ORTEP mpuxkas 1. Cauxka 2. ORTEP mpuka3s 2.
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MONO- AND DINUCLEAR CHLORO Cu(Il) COMPLEXES WITH
2-ACETYLPYRIDINE GIRARD'S T HYDRAZONE

M. Milenkovié¢ , A. Pevec *, B. Cobelji¢ *, I. Turel *, K. Andelkovi¢ *

“ Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia; " Faculty of Chemistry and Chemical Technology, University of Ljubljana, Vecna
pot 113, 1000 Ljubljana, Slovenia;
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The mononuclear (1) and dinuclear (2) Cu(Il) complexes were synthesized by the
reaction of Cu(BF,;),'6H,0 and ligand HLCI in methanol. The solution was refluxed for
4 h. After slow evaporation of solvent in refrigerator during ten days, two kinds of green
crystals suitable for X-ray analysis were formed. The main fraction corresponds to
compound 1, while complex 2 was obtained only in traces. Complex 1 consists of one
complex cation [CuLCl]" and disordered BF, anion. The complex cation features a
four-coordinate Cu(II) center with the NNO donor set of tridentate zwitter-ionic ligand L
and the Cl” ion occupaing the fourth coordination site (Figure 1). The coordination
geometry around Cu(II) may be described as a distorted square planar.

Complex 2 crystallizes in the monoclinic space group P2,/n, with the asymmetric unit
comprising one Cu(Il) centre, zwitter-ionic ligand L, one CI” ion and BF, counter anion.
The crystal structure displays a centrosymmetric dinuclear complex with the
crystallographically independent Cul centre being coordinated to three donor atoms (N1,
N2 and O1) of L and two bridging chlorides (Figure 2). The Cu(Il) ion adopts a distorted
square pyramidal geometry with an index of trigonality (zs) of 0.17.

Figure 1. ORTEP presentation of the 1. Figure 2. ORTEP presentation of the 2.
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KPUCTAJIHE CTPYKTYPE KOMIUIEKCA Cu(Il) 1 Co(II) CA
AHJOHOM 4-HUTPO-3-ITIMPA30J1 KAPBOKCHJIHE
KHUCEJIMHE KAO JIMTTAHJAOM 1 HOBA
KPUCTAJIHM OBJIUK JIMT'AHIA

K. K. Jahumosuh *, C. B. HoakoBuh °, I'. A. Borganosuh ° G. Giester ", M.
Kocosuh ?, E. Libowitzky "
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Jlabopamopuja 3a meopujcky usuky u @uszuxy Koumoenzoeane mamepuje, ILIT. 522
Beoepao, Ynueepsumem y Beoepady, Cpouja; * Institut fiir Mineralogie und Kristallogra-
phie, Fakultit fiir Geowissenschafien, Geographie und Astronomie, Univ. Wien, Al-
thanstr. 14, A-1090 Wien, Austria
e-mail: snovak@vin.bg.ac.rs

Y oBOM paly MNpeACTaB/bAMO CHHTE3y U KPHUCTAIHY CTPYKTYpy OUHYyKJIEapHUX
xommiekca Cu(Il) u Co(Il) ca anjoHOM 4-HUTPO-3-MTUPa30J1 KAPOOKCHUIIHE KHCEINHE Kao
nurasgoM. OBa jeumberha cy peak puMep KoMIIekca MeTaia ca 3,4-CyncTUTYHCaHUM
JepuBaTUMa IHMpa3ojia Kao MOCTOBHHMM JIMTaHJMMa W IPBE KPHUCTAIHE CTPYKTYpe
NpeNna3HuX MeTajna ca 4-HUTpo-3-nupas3on KapOOKCHIHMM Jjurangom. Jlo cama cy
[IO3HAaTe [BE KPHUCTAIHE CTPYKType ca HaBeAEeHMM JuraHaoM [1], a osne Taxohe
IpPENCTaB/baMO KpPUCTAJIHy CTPYKTYpY HEroBe aMOHHUjyM-COJIM. AHaIW3UpaH je
€JICKTPOCTAaTUYKM MOTEHIHjal Kao TIIO0Ka3aTesb PEAKTHBHOCTH MOJIEKYJda y LB
UCITUTUBAbA IPOMEHE EJIEKTPOCTATHIKUX CBOjCTaBa JIMTaHa HAKOH KOOPAHHALIH]E.

Kpucranorpadpcku nopamnu: (I) C;H,N;04-NHy, pomouunu, P2,2,21, a = 6,6562(3),
b = 8,3692(4), ¢ = 12,5687(7) A, V = 700,17(6) A®, Z = 4, R, = 3,33% 3a 2667
He3aBUCHUX peduiekcrja u 133 mapamerapa; (II) Ci4HpCu,NgO1,, Tpukiauauunu, P—1,
a = 5,0863(6), b = 8,811009), ¢ = 12,7192(14) A, a = 83,977(4), p = 88,281(3),
y=182,743(3)°, V'=56225(11) A>, Z=1, R, = 3,33% za 4331 He3aBuCHUX peduexcuja u
175 mapamerapa; (III) CgH,4,Co,N¢O14-2H,0, monoxmuuanunu, P2,/c, a = 8,9689(11),
b=6,4035(8), c = 16,4509(19) A, p = 102,930(2)°, V' = 920,86(19) A, Z=1,R =1,80%
3a 3531 He3aBucHUX peduekcuja u 158 mapamerapa.

[1] Z. Ja¢imovié, K. Kosovié, V. Kastratovi¢, B. Barta Hollo, K. Mészaros-Szécsényi,

I.M. Szilagyi, N. Latinovi¢, Lj. Vojinovi¢-Jesi¢, M. Rodi¢, J. Therm. Anal. Calor., 133
(2018) 813-821.
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CRYSTAL STRUCTURES OF Cu(Il) AND Co(Il) COMPLEXES
WITH 4-NITRO-3-PYRAZOLE CARBOXYLIC ACID LIGAND
AND NEW CRYSTAL FORM OF THE LIGAND

Z. K. Jaéimovi¢ *, S. B. Novakovié¢ °, G. A. Bogdanovié °, G. Giester ¢, M. Kosovi¢ *,
E. Libowitzky ¢
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bb, 81000 Podgorica, Montenegro; "Vinca Institute of Nuclear Sciences, Laboratory of
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11001 Belgrade, Serbia ;  Institut fiir Mineralogie und Kristallographie, Fakultdt fiir
Geowissenschaften, Geographie und Astronomie, Univ. Wien, Althanstr. 14, A-1090
Wien, Austria
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The present study reports the synthesis and crystal structure of binuclear complexes of
Cu(Il) and Co(II) with 4-nitro-3-pyrazole carboxylic acid based ligand. These compounds
represent rare examples of the metal complexes comprising 3,4-substituted pyrazole
derivatives as a bridging ligand and also the first crystal structures of the transition metal
complexes with ligands derived from 4-nitro-3-pyrazolecarboxylic acid. Recently, the
crystal structures of the same ligand in neutral and mixed neutral/anionic form have been
reported [1]. Here we also report the third form of this ligand, where it is present in a
fully deprotonated anionic form within the ammonium salt. The electrostatic potential as
a descriptor of reactivity was also calculated in order to examine the changes in ligand
electrostatic preferences upon its coordination.

Crystallographic data: (I) C4H,N;04-NH,, Orthorhombic, P2,2,2;, a = 6.6562(3),
b=28.3692(4), c = 12.5687(7) A, V="700.17(6) A®, Z= 4, R, = 3.33% for 2667 independ-
ent reflections and 133 parameters, (II) Ci4Hy0CuNgOyp, Triclinic, P-1,
a = 5.0863(6), b = 8.811009), ¢ = 12.7192(14) A, a = 83.977(4), p = 88.281(3),
y = 82.743(3)°, V = 562.25(11) A®, Z = 1, R, = 3.33% for 4331 independent reflections
and 175 parameters; (III) CgH;4C0,NO,4-2H,0, Monoclinic, P2i/c, a = 8.9689(11),
b= 6.4035(8), ¢ = 16.4509(19) A, £ = 102.930(2)°, V= 920.86(19) A>, Z=1, R, = 1.80%
for 3531 independent reflections and 158 parameters.

[1] Z. Ja¢imovié, K. Kosovié, V. Kastratovi¢, B. Barta Hollo, K. Mészaros-Szécsényi,

I.M. Szilagyi, N. Latinovi¢, Lj. Vojinovié-Jesi¢, M. Rodi¢, J. Therm. Anal. Calor., 133
(2018) 813-821.
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BOJA Y AJIYAYJIUTCKOM THUITY CTPYKTYPE: CUHTE3A,
KPUCTAJIHA CTPYKTYPA U MAI'HETHA CBOJCTBA
C03(AS04)0’5(HASO4)2(HzASO4)0,5(H20)0’5

T. Bophesuh *, Jb. Kapanosuh °, 3. Jarauuuh ®, M. Jaroxuy *

* Vnusepsumem y Beuy, Hncmumym 3a munepanozujy u xpucmanozpadujy, Althansstr. 14,
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MoHoOKpHCTald HOBOT jeaumera TpukoOant(ll) xemmapcenar(V) mu[xumporeH-
apceHar(V)] xemu[nuxuaporenapceHar(V)] xemuxuzapaTta, Co3(AsOy)os(HAsO,),
(H2A804)0,5°(H2O)o 5 (Ha3BaHOr CoOAs-alyayIuT) CUHTETUCAHHU CY Y XUIPOTEPMAIIHUM
ycaoBuMa. CoAs-alyayIuT je HOBH WIaH CTPYKTYPHO CIMYHUX IIPOTOHOBAHUX apceHara
[mpoctopra rpyna C2/c, a = 11,698(5), b = 12,571(3), ¢ = 6,7705(14) A, = 113,25 (3)°,
V=914,8(5) A’, Z=4]. V jenmumunoj hemuju CoAs-anyayauta, jenan ox asa atoma Co,
jenan ox nBa As u jenan of cenaM O CMEIITEHHU Cy Y CHELHUjalTHUM T0JIoKajuMa 4e, ca
cumetpujoM Mecta 2. KpucrainHa cTpyKTypa ce cacToju o OeCKOHauHHX JaHala JIyxK
npaBua [1 0 1], dopmupanux on oxraemapa CoOg KOjU Jene 3ajeHUYKE HBHUIIE.

. 3aKpUBJbCHH OKTACJApCKU JIAHIHU CY

Mmel)ycoOHO MoBe3aHH ca TeTpaexpuma
[(As104)p5(H,As104)05]> n [HAs20,4]*
bopmupajyhu XETEPOTIONIUEIAPCKY
TPOIMMECH3HOHAIIHY OTBOPEHY CTPYKTYPY
ca JIBa THNa HapajenHux KkaHama. Oba
KaHana, | ¥ 2, mapanenHa Cy ca c-OCOM U
Hayase ce y nonoxajuma (1/2, 0, z) u (0,
0, z). Atomn Bomonmka H2 u H4 wu3
xugpokcwiaHux rpyna O2H2 u O4H4,
CMEWITeH! Cy y KaHaly 1, JOK Cy Yy

SRR S —— 2 kanany 2 npoHaljeHM HEKOOPAMHHMCAHM
moJekynu Boge H,O7 y mony3ay3eTum crielnyjalHuM MoJjoxkajumMa 4e, 1 aTOMH BOJIOHUKA
u3 O6H6-xunpoxcunne rpyne. MH}panpBeHn M paMaHCKU CIEKTPH MOHOKpHCTala
MepeHH cy aa Ou ce poduie nonatHe HHQopMaluje 0 aHjOHCKUM Trpyliama, a moceOHo 0O
KpaTKUM BOJOHWYHMM Be3ama. ®DpekBennmja ucrezama OH oxarosapa mehyaromckum
pacrojamuma O-+-O.

Pesynrath MarHeTHHX Mepema MOTBpYjy KBa3h-jeIHOMTUMEH3UOHY CTPYKTYpY
JIBOBAJICHTHUX joHa KobanTa. OHU cy aHTH()EpOMAarHETHO IOBE3aHH Ca IapaMeTpOM
uHTepakimje Meljy mammmMa J ~ —8 cm | 1 mapamerpoM nuTepakmmje J '~ —2 cm’ koju
Baku ucrion Humose temnepatype ox 3,4 K.
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WATER IN THE ALLUAUDITE TYPE STRUCTURE:
SYNTHESIS, CRYSTAL STRUCTURE AND MAGNETIC
PROPERTIES OF
Co03(As04)0.5(HASO4)2(H2A504)0.5(H20)0.5

T. Pordevié¢ *, Lj. Karanovié °, Z. Jagli¢ié¢ ¢, M. Jagodi¢

“ University of Vienna, Institut fiir Mineralogie und Kristallographie, Althansstr. 14, A-1090
Vienna, Austria, * University of Belgrade, Faculty of Mining and Geology, Laboratory for
Crystallography, University of Belgrade, Pusina 7, 11000 Belgrade, Serbia, ¢ Institute of
Mathematics, Physics and Mechanics & Faculty of Civil and Geodetic, Engineering,
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Single crystals of the new compound tri-Co(Il)hemi-(arsenate(V))di-[hydrogen arse-
nate(V)]hemi-[di-hydrogenarsenate(V)]hemihydrate, = Co3(AsO4)o.5(HASO,),(H,AsOy4)05°
‘(H,0)5 (denoted CoAs-alluaudite) were grown under hydrothermal conditions. CoAs-
alluaudite represents a new member of alluaudite-like protonated arsenates [space group
C2/c,a=11.698 (5), b =12.571 (3), c = 6.7705 (14) A, f=113.25 (3) °, ¥ =914.8 (5) A’,
Z = 4]. In the unit cell of CoAs-alluaudite, the one of the two Co, one of the two As and
one of the seven O atoms lie at 4e special positions, with site symmetries 2. The crystal
structure consists of the infinite edge-
shared CoO4 octahedra chains, running
along the [10 1] direction. The curved
chains are interconnected by
[(As104)0.5(H,As104)5]> and [HAs20,]*
tetrahedra forming a heteropolyhedral 3D
open framework with two types of parallel
channels. Both 1 and 2 channels are run-
ning along the c-axis and are located at
positions (1/2, 0, z) and (0, 0, z), respec-

’ tively. The H2 and H4 hydrogen atoms of

R O2H2 and O4H4 hydroxyl groups are
situated in channel 1, while in channel 2 the uncoordinated water molecule H,O7 at half-
occupied 4e special positions and hydrogen atoms of O6H6 hydroxyl group were found.
Infrared and single-crystal Raman spectra were measured and evaluated in order to obtain
further information on the anion groups and especially on the short hydrogen bonds. The
OH stretching frequency is in good agreement with the observed O---O distances.

The results of the magnetic investigations confirm the quasi one dimensional structure
of divalent cobalt ions. They are antiferromagnetically coupled with the intrachain inter-
action parameter of J = —8 cm ™' and interchain parameter of J '~ -2 cm™' that become
effective below the Néel temperature of 3.4 K.

a)  H=5000e

1)

2 060
T

7 (emu/m:
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SINTEZA I STRUKTURA H,L[CdBr3(SCN)]-H,O
(L = 2-ACETILPIRIDIN-AMINOGVANIDIN)

M. M. Radanovié *, M. V. Rodi¢ *, Lj. S. Vojinovi¢-Jesi¢ *, P. Weiss °, V. M. Leovac *

“ Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Trg Dositeja Obradovica 3,
Novi Sad, Srbija; "Graz University of Technology, Rechbauerstrafe 12, 8010 Graz,
Austria

e-mail: mirjana.lalovic@dh.uns.ac.rs

Poslednjih godina, zahvaljujuéi jednostavnosti dizajna sinteze kompleksa metala sa
2-acetilpiridin-aminogvanidinom, kao i veoma izrazenoj antioksidativnoj aktivnosti i
jakoj fotoluminescenciji dobijenih kompleksa, ova Sifova baza izdvojila se kao veoma
interesantan ligand. Detaljnim izuc¢avanjem koordinacione hemije ovog jedinjenja,
ustanovljeno je da je za koordinaciju ovog helatnog liganda neophodno tokom sinteze
koristiti reagens za deprotonaciju, jer se u njegovom odsustvu dobijaju kompleksi u
kojima Sifova baza ima ulogu kontra-jona. Medu poslednjima, posebno treba istaéi
kompleks formule H,L[CdBr;(SCN)]-H,O (slika 1), koji se dobija reakcijom vodenog
rastvora CdBr, sa tiocijanatnom soli liganda.

U ovom kompleksu Cd(II) smesten je u blago deformisanom (z4 = 0,96) tetraedar-
skom okruZenju tri bromidna i jednog tiocijanatnog liganda. Ugao pod kojim je tiocija-
nato ligand koordinovan ima vrednost od 92,6(5)°. Duzine svih veza aminogvanidinskog
ostatka imaju vrednosti izmedu onih karakteristicnih za jednostruku i dvostruku vezu,
dok je C2-N3 veza dvostruka. Katjon Sifove baze poseduje visok stepen planarnosti, a
svi geometrijski parametri su u saglasnosti sa onima dobijenim za hloridnu, sulfatnu i
tiocijanatnu so liganda [1].

Retkost postojanja strukturno okarakterisanih tetrakoordinovanih [MX;(SCN)]"" i
[MX5(NCS)]" jona, gde M predstavlja bilo koji metal i X bilo koji halogen, potvrdena je
pretragom Kembricke banke strukturnih podataka. Ustanovljeno je ne samo da ovde
opisani kompleksni anjon [CdBr;(SCN)]* nije ranije strukturno okarakterisan, veé i da
predstavlja tek drugi primer takvog anjona medu kompleksima metala uopste.

Kristalografski podaci: monoklini¢ni kristalni sistem, P2/c,
a=123168(5), b = 6,4223(3), c=23,433209) A, p = 98,687(4)°, V=1832,35(13) A%,
Z=4. Utacnjavanje sa F* (192 parametara) dalo je R, = 0,0611, wR, = 0,1405,
§'=1,126 za sve podatke, i R; = 0,0391 za 2917 refleksija sa I > 20(]).

Ovaj rad je deo istazivanja finansiranog od strane Ministarstva prosvete, nauke i
tehnoloskog razvoja Republike Srbije (172014).

[1] M.M. Radanovi¢, S.B. Novakovi¢, Lj.S. Vojinovi¢-Jesi¢, M.V. Rodi¢, V.M. Leovac,
J. Serb. Chem. Soc., 83 (2018) 157-166.
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SYNTHESIS AND STRUCTURE OF H,L[CdBr;(SCN)|-H,0
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In the last few years, due to the ease of designing the synthesis of metal complexes
with 2-acetylpyridine-aminoguanidine, as well as strong antioxidant activity and
pronounced photoluminescence of the obtained compounds, this Schiff base became the
focus of our research. A thorough investigation on its coordination chemistry led to a
conclusion that the presence of some deprotonating agent during the synthesis is
mandatory in order to obtain complexes with chelating ligand coordinated. On the
contrary, the absence of this kind of reagent, lead to the formation of the complexes in
which the Schiff base has a role of counterion. One of the later complexes, i.e.
H,L[CdBr;(SCN)]-H,O (Figure 1) is obtained in the reaction of an aquous solution of
CdBr;, and the thyocyanate ligand salt.

In this complex Cd(II) is situated in a slightly distorted tetrahedral environment
(4 = 0.96) of three bromides and one thiocyanate ligand. The angle of SCN-coordination
is 92.6(5)°. All bond lengths in the aminoguanidine residue have values between those
characteristic for a single and a double bond, while the C2-N3 bond is double. The cation
of the Shiff base shows a high degree of planarity and all the geometric parameters are in
concordance with those obtained for chloride, sulfate and thiocyanate ligand salts [1].

The rarity of structurally characterized [MX3(SCN)]" and [MX3(NCS)]" ions, where
M stands for any metal and X for any halogen, is assessed by the search of Cambridge
Structural Database. This search revealed not only that this is the first structural report on
this kind of complex anion with Cd(Il), but also that it is the second structure so far of
this anion-type with metals in general.

Crystallographic ~ data:  monoclinic
crystal system, P2/c, a=12.3168(5),
b =6.4223(3), ¢ =23.4332(9) A,
S =98.687(4)°, V'=1832.35(13) A®, Zz=4.
Refinement based on F* (192 parameters):
R, = 0.0611, wR, = 0.1405, S = 1.126 for
all data, and R; = 0.0391 for 2917
reflections with 7> 2a(1).

Figure 1. Molecular structure of the complex

[1] M.M. Radanovi¢, S.B. Novakovi¢, Lj.S. Vojinovi¢-Jesi¢, M.V. Rodi¢, V.M. Leovac,
J. Serb. Chem. Soc., 83 (2018) 157-166.
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KRISTALNE STRUKTURE HL I [Co(HL)Br,(H,0)]
HL = SEMIKARBAZON METIL-PIRUVATA

M. V. Rodi¢ % S. BeloSevi¢ *, V. M. Leovac®
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U ovom radu je po prvi put opisana kristalna struktura semikarbazona metil-piruvata
(HL) kao i sinteza i kristalna struktura njegovog Co(Il) kompleksa formule
[Co(HL)Br,(H,0)] (1).

Centralni atom kompleksa 1, Co(Il), nalazi se u deformisanom oktaedarskom
okruZenju koje Cine dva cis-orijentisana bromidna jona (jedan u aksijalnom, a drugi u
ekvatorijalnom polozaju), tridentatno koordinovani HL u ekvatorijalnoj ravni, kao i
molekul vode u aksijalnom polozaju. HL je koordinovan kao O,N tridentat, preko
karboksilatnog atoma kiseonika, azometinskog atoma azota i karbonilnog atoma
kiseonika.

Pakovanje molekula u kristalnim strukturama HL i1 1 je prouceno analizama
odgovaraju¢ih HirSfeldovih povrSina. Dodatno, u slucaju HL, podaci o energijama
medumolekulskih interakcija su dobijeni proracunima pomocu CE-B3LYP modela
energija, koriste¢i program CrystalExplorer [1].

Kristalografski podaci za HL: CsHoN;O;, trikliniéni  kristalni  sistem,
Pl, a=4,1764(4)A, b=74068(10)A, ¢=122230(13)A, a=90,144(10)°,
£ =97,506(9)°, y=91,316(10)°, V'=2374,76(7)A’>, Z=2, izmereno 1393 nezavisnih
refleksija, utacnjavano 114 parametara, R, = 0,038, wR, = 0,116, S =1,090.

Kristalografski podaci za 1: CsH;;BryCoN;O,, trikliniéni kristalni sistem, Pl,
a=103796(3) A, b=10,9107(4) A, ¢ = 12,5905(5) A, a=101,435(3)°, B = 101,558(3)°,
y=115,576(3)°, V = 1192,86(8) A3, Z = 2, izmereno 5636 nezavisnih refleksija,
utacnjavano 286 parametara, R, = 0,027, wR, = 0,063, S = 1,020.

HL 1

[1] C.F. Mackenzie, P.R. Spackman, D. Jayatilaka, M.A. Spackman, /UCrJ, 4 (2017)
575-587.
62



26™ Conference of the Serbian Crystallographic Society

CRYSTAL STRUCTURES OF HL AND [Co(HL)Br(H,0)]
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This paper reports the crystal structure of methyl pyruvate semicarbazone (HL), as
well as synthesis and crystal structure of its Co(II) complex [Co(HL)Br,(H,0)] (1).

The central atom of the complex 1, Co(Il), is situated in a deformed octahedral envi-
ronment made of two cis-oriented bromide ions (one in the axial and one in the equatorial
position), tridentately coordinated HL in the equatorial coordination plane, and a water
molecule in the axial position. HL is coordinated in O,N tridentate mode, through car-
boxylate oxygen atom, azomethine nitrogen atom, and carbonyl oxygen atom.

Crystal packings of HL and 1 are studied by the analysis of respective Hirshfeld sur-
faces, while in the case of HL, additional insight in intermolecular interactions was ob-
tained by calculation of interaction energies using CE-B3LYP model energies with Crys-
talExplorer [1].

Crystallographic data for HL: CsHgN3;Os;, triclinic crystal system, Pl,
a=4.1764(4) A, b = 7.4068(10) A, ¢ =12.2230(13) A, o =90.144(10)°, f=97.506(9)°,
y=91.316(10)°, ¥ =374.76(7) A>, Z=2, 1393 independent reflections measured, 114
parameters refined, R; = 0.038, wR, =0.116, § = 1.090.

Crystallographic data for 1: CsH;Br,CoN;O,, triclinic crystal system, Pl,
a=10.3796(3) A, b =10.9107(4) A, c = 12.5905(5) A, o = 101.435(3)°, B = 101.558(3)°,
y=115.576(3)°, V = 1192.86(8) A’, Z = 2, 5636 independent reflections measured, 286
parameters refined, R; = 0.027, wR, = 0.063, S = 1.020.

[1] C.F. Mackenzie, P.R. Spackman, D. Jayatilaka, M.A. Spackman, /UCrJ, 4 (2017)
575-587.
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Zn(IT) KOMPLEKSI SA TIAZOLIL-HIDRAZONIMA:
MOLEKULSKA I KRISTALNA STRUKTURA

J. Aragkov * A. Visnjevac ", N. Filipovi¢ ¢, T. Todorovi¢ *

“ Univerzitet u Beogradu — Hemijski fakultet, Beograd, Srbija; * Zavod za fizicku kemiju —
Institut Ruder Boskovié, Zagreb, Hrvatska; © Univerzitet u Beogradu — Poljoprivredni
fakultet, Beograd, Srbija

e-mail: araskovjovanal4@gmail.com

Sintetisana su i strukturno okarakterisana dva nova kompleksa Zn(Il) sa tiazolil-
hidrazonskim ligandima HLS1 i HLS2. Tako su tokom sinteze primenjeni isti reakcioni
uslovi, kori§¢ena ista polazna so, ZnCl,-2H,0, i strukturno veoma sli¢ni ligandi, dobijeni
su kompleksi razli¢itih geometrija. Koordinacioni broj kompleksa 1-Cl sa HLSI1
ligandom je pet, a geometrija je deformisana kvadratna piramida (slika 1).
Kompleks 2-Cl ima koordinacioni broj

Sest 1  deformisanu  oktaedarsku o6 oy @‘f:'z @904 e
geometriju  (slika 2). Molekulsku 2 ) P -
strukturu kompleksa 1-Cl &ini centralni 0 g & Qo @
jon metala, jedan ligand (HLSI) c2ol) . 0 Qe
koordinovan tridentatno preko NNN cis I e
donorskih atoma piridina, imino grupe i c1aly N1361

1,3-tiazolovog prstena, kao 1 dva n12( c% QB’
koordinovana hloridna jona. Dobijeni 0

S9

kompleks je neutralan. Kod kompleksa
2-Cl za centralni jon metala su Slika 1. Prikaz molekulske strukture
kooridnovana dva HLS2 liganda u  1-Cl Termalni elipsoidi su prikazani sa
neutralnom obliku, na isti na¢in kao u  50% verovatnoce.

sluc¢aju kompleksa 1-Cl, Sto za posledicu

ima formiranje katjonskog kompleksa

¢ije  je  pozitivno  naelektrisanje

neutralisano ZnCl,*" jonom. Kompleksi

kristaliSu u monoklinicnom kristalnom sistemu, ali u razli¢itim prostornim grupama
(1-Cl: P2)/c i 2-CL: C2/c). U kompleksu 2-Cl joni metala se nalaze u specijalnom
polozaju na osi drugog stepena (Vikofov polozaj 4¢). Kristalno pakovanje oba kompleksa
se zasniva na klasiénim N-H/Cl interakcijama. Eksperimenti difrakcije praha oba
kompleksa potvrdili su da su dobijeni jednofazni proizvodi.
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Two novel Zn(II) complexes with thiazolyl-hydrazones ligands HLS1 and HLS2,

have been synthesized and characterized. Although the syntheses were performed under
the same reaction conditions, using the same starting salt ZnCl,-2H,0 and structurally
very similar ligands, the geometries of the obtained complexes are different. The
coordination number of the complex 1-Cl
with HLS1 is five and the geometry is
distorted square pyramidal (Figure 1). The
complex 2-Cl has coordination number six
and distorted octahedral geometry. Thus, the
molecular structure of complex 1-Cl consists
of one metal center, one HLS1 ligand
coordinated tridentately via NNN atoms from
pyridine, imine and 1,3-thiazole ring and two
coordinated chloride ions. The obtained
complex is neutral. The structure of complex
2-Cl consists of one metal center, two HLS2
ligands coordinated in the same way as in the
previous complex. In this case the cationic
complex is formed and the charge is balanced
by ZnCl". Both complexes crystallize in a
monoclinic crystal system, but in the different Figure 2. Drawing of molecular
space groups (1-CL: P2)/c and 2-CL: C2/c).  gtructure of 2-CL Thermal
Metal ions in 2-Cl are residing on a special ellipsoides are shown at the 50%
position with site symmetry 2 (Wyckoff letter probability level.
e). The crystal packing of these complexes is
based on classical N-H/Cl hydrogen
interactions. Powder X-ray diffraction
experiments confirmed the presence of a
single phase in both samples.
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BAKRA(I) SA S-IZOPROPIL DERIVATOM TIOSALICILNE
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Binuklearni kompleks bakra dobijen je direktnom reakcijom bakar(II)-nitrata
trihidrata i S-izopropil derivata tiosalicilne kiseline u molskom odnosu 1:2. Reakciona
sme$a je meSana na magnetnoj mesalici uz zagrevanje na vodenom kupatilu na
temperaturi od 50 °C i postepeno dodavanje ekvimolarne koli¢ine vodenog rastvora
litijum hidroksida. Dobijeni talog je filtriran, ispran i osusen tokom nekoliko dana na
vazduhu. Kristali pogodni za rendgensku strukturnu analizu dobijeni su sporom
kristalizacijom iz mati¢nog vodenog rastvora.

Kristalografski podaci: empirijska formula CyyHpsCuOgS,, M; = 490,07, triklini¢ni
kristalni ~ sistem, prostorna  grupa PI, talasna duzina 1,54184 A,
veli¢ina kristala 0,099 x 0,046 x 0,034 mm’, dimenzije jedini¢ne éelije a = 9,5826(4) A,
b =10,6872(5) A, c = 11,4662(5) A, a = 85,198(4)°, B = 87,656(4)°, y = 70,040(4)°.
Kristalna struktura je reSena metodom teSkog atoma primenom SHELXS, a utacnjena
primenom SHELXL programa: R; = 0,0666, wR, = 0,1696.

Slika 1. Kristalna stuktura binuklearnog kompleksa bakra(Il) sa S-izopropil derivatom
tiosalicilne kiseline.
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Binuclear copper(IT)-complex was obtained by direct reaction of copper(Il)-
-nitrate thrihydrate and S-isopropyl derivative of thiosalycilic acid in a molar ratio of 1:2
and addition of an equimolar amount of lithium-hydroxide. Reaction mixture was heated
and mixed on a magnetic stirrer at 50 °C for 3 hours. Crystals suitable for X-ray
measurements were obtained by slow crystallization from water solution.

Crystallographic data: empirical formula C,)H,cCuQOgS,, M, = 490.07, triclinic crystal
system, space group PI, wavelength 1.54184 A, crystal size
0.099 x 0.046 x 0.034 mm’, unit cell dimensions a = 9.5826(4) A, b = 10.6872(5) A,
c=11.4662(5) A, a = 85.198(4)°, B = 87.656(4)°, y = 70.040(4)°. Crystal structure was
solved by heavy atom method using SHELXS and refined using SHELXL program:
R, =0.0666, wR, = 0.1696.

Figure 1. The crystal structure of binuclear copper(Il)-complex with S-isopropyl
derivative of thiosalycilic acid
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Monokristali  jedinjenja sa do sada nepoznatim hemijskim sastavom,
K3(Y1.xyErEu,)Si;O; dobijeni su tokom istraZivanja usmerenog na dobijanje novih
kalijumskih silikata sa elementima retkih zemalja. Prvi rezultati rendgenske strukturne
analize pokazali su da je strukturni model ovog jedinjenja poznat u literaturi (K;LuSi,O,
[1], K3ScSi,07 [2], K3YSi,07 [3]). U sklopu ovog istraZivanja dobijena su i jedinjenja
K;ErSi,0;7 1 K3YbSi,0;, koja kristaliSu u istom strukturnom tipu kao i K3;LuSi,0,
K3S¢8Si1,07 1 K53YSi,0; (P. Dabié et al., u pripremi).

Jedinjenja koja su predmet nasih istrazivanja sintetisana su metodom rasta kristala iz
rastvora zagrejanih na temperaturi od 1173 K. Kao polazne supstance koris¢eni su Y,0;,
Er,05 i Eu,0; (u molskom odnosu 8:1:1), SiO; i KF (dodat u visku). Kao najzastupljeniji
proizvod sinteze izdvajaju se prizmaticni kristali heksagonalnog habitusa, koji su predmet
ovog rada. Pored njih, u manjoj meri prisutni su i plocasti kristali heksagonalnog
habitusa, koji ¢e biti predmet daljeg istrazivanja.

Pocetna ispitivanja obuhvatila su rendgensku difrakcionu analizu na monokristalu,
rendgensku difrakciju na polikristalnom uzorku i skenirajucu elektronsku mikroskopiju
(SEM) dopunjenu sa energetsko-disperzivnom spektroskopijom (EDS). Preliminarni
rezultati pokazali su da ispitivano jedinjenje kristaliSe u prostornoj grupi P6;/mmc i
odgovara ve¢ poznatom strukturnom modelu [1-3]. Rezultati SEM-EDS analize pokazali
su prisustvo katjona Y, Er i Eu u strukturi.

Dalji koraci u ispitivanju obuhvati¢e precizniju SEM-EDS hemijsku analizu na
poliranim uzorcima, utanjavanje strukturnog modela i ispitivanje luminescentnih pojava
koriS¢enjem fotoluminescentne spektroskopije.

[1] L. Vidican, M.D. Smith, H.-C. zur Loye, J. Solid State Chem., 170 (2003) 203-210.
[2] J.D. Napper, R.C. Layland, M.D. Smith, H.-C. zur Loye, J. Chem. Crystallogr., 34
(2004) 347-351.

[3] AM. Latshaw, G. Morrison, K.D. zur Loye, A.R. Myers, M.D. Smith, H.-C. zur
Loye, CrystEngComm, 18 (2016) 2294-2302.
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The compound with a previously unknown chemical composition
K3(Y1.xyErEu,)Si,07 was obtained in form of single crystals during investigation focused
on the synthesis of new potassium rare-earth silicates. The first results of X-ray structure
analysis showed that the structural model of this compound is already known in the
literature (K5LuSi,05 [1], K;3S¢Si,0 [2], K3YSi,07 [3]). Also, as a part of this project,
compounds K;ErSi,O; and K;YbSi,0;, which crystallize in the same structural type as
K;LuSi,07, K53ScSi,07 and K3YSi,0,, were obtained (P. Dabi¢ ef al., in preparation).

The compounds that are the subject of our research were synthesized by the method
of crystal growth from a solution heated at a temperature of 1173 K. The starting
materials used were Y,03, Er,O; and Eu,O; (in a molar ratio 8:1:1), SiO, and KF (added
in excess). The hexagonal prismatic crystals, which are the subject of this paper, are
distinguished as the most abundant product of synthesis. Additional hexagonal platy
crystals are also present in the batch and will be the subject of further research.

The initial investigation included single crystal X-ray diffraction analysis, X-ray
powder diffraction and a scanning electron microscopy (SEM) equipped with energy-
dispersive spectroscopy (EDS). Preliminary results showed that the investigated
compound crystallizes in the space group P6s/mmc and is isotypic to the already known
structural model [1-3]. The results of SEM-EDS analysis showed the presence of Y, Er
and Eu cations in the structure.

Further steps in the investigation will include more precise SEM-EDS chemical
analysis on polished samples, single crystal structure refinement and photoluminescent
spectroscopy measurements.

[1] L. Vidican, M.D. Smith, H.-C. zur Loye, J. Solid State Chem., 170 (2003) 203-210.

[2] J.D. Napper, R.C. Layland, M.D. Smith, H.-C. zur Loye, J. Chem. Crystallogr., 34
(2004) 347-351.

[3] AM. Latshaw, G. Morrison, K.D. zur Loye, A.R. Myers, M.D. Smith, H.-C. zur
Loye, CrystEngComm, 18 (2016) 2294-2302.
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CrtpykTypa HHCKOTeMmeparypHor tpuroHamHor kapHerura (NaAlSiO,) xoja je
HemaBHO pemreHa m3 XRPD moparaka n yraumena PUTBengoBoM MeTOIOM, CTPYKTYPHO
npuMaga TEeKTOCHIMKaTUMa (MCKJbyuMBO je wusrpalieHa on Q4-jeaununa). OHa je
nonyweHu  aepuBar SiO, monumopda KpucTobanmMTa, TAE je jelHa IOJOBHUHA
TeTpaeNapcku KOOPAMHHCAHUX NO3UIHWja TomymeHa Al aTtommma. YKymHH OanaHc
HaeJeKTpUcamba Ce IIOCTIDKe Kaza Na aToMH 3ay3My 3aTBOpPEHE HWHTEPCTHILH]CKE
0JI0%kaje.

CtpykTypa je  CcIMYHa  MOJENY  HACATH30BAHOI  BHCOKOTEMIIEPATypHOT
KPHCTOOATUTCKOT apHCTOTUIa U MOXE C€ HW3BECTH MapalieIHAM ClaralbeM CliojeBa
mrpaheHux on ImecrowlaHux npcreHoBa (S6R). IlpcreHoBH cy IUTPUTOHAIHO
nucroprosanor obnuka, GDGDGD (rope nnu none) kondpopmanuje, a ABC cnarame
cllojeBa Ce TIOCTHIKE TPAHCHIAIMjOM CBAaKOT HAapeJHOr cioja. Ycien KoH(opMalmje
IPCTEHOBA CTPYKTYpa IMOCTIDKE TPHUIOHAIHY CHMETPHjy TpocTopHe Tpymne P3,,
a=5,1234(2) u c = 12,4932(5) A.

Iocroju cenaM CHMETPHjCKM HECKBHBAJCHTHHX OIIITHX IOJIOXKAja Y CTPYKTYPH.
Jenan oxromapa aromy HarpujymMa, YeTHpH aTOMHUMa KHCEOHHKAa M J[Ba aTOMHMa
CUIMIMjyMa U adyMuHHjyMa. Pacriosiena Al u Si atoma y TeTpaeiapCcKiuM MoJ0xkKajuma je
yrBphena Ha ocroBy 2’Si and “’Al MAS NMR criekrapa o1 KOJHX CBAaKH jaCHO IIOKa3yje
caMo jesiaH MK, oJHOCHO caBpuieHo Al/Si ypeheme rue cy cBu Al-terpaenpu ycmepenu
Ha je/iHy, a Si-TeTpaeApH Ha CYIPOTHY CTpaHy.
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The structure of Low-temperature trigonal Carnegieite (NaAlSiOy), recently solved
from XRPD data and refined by Rietveld method, structurally belongs to tectosilicates
(exclusively built-up from Q*-units). It is stuffed derivative of SiO, polymorph cristobal-
ite, with one half of the tetrahedrally coordinated positions being occupied with Al atoms.
The overall charge balance is achieved by Na atoms situated in closed intersticial posi-
tions.

The structure follows the model of idealized High-temperature cristobalite aristotype,

and can be derived by parallel stacking of layers built up of six-membered tetrahedral
rings (S6R). The rings are ditrigonally distorted in shape with UDUDUD (up or down)
conformation, and the ABC-like stacking sequence is achieved by translation of each
consecutive layer. Due to conformation of the rings the structure adopts trigonal P3,
space group symmetry with a = 5.1234(2) and ¢ = 12.4932(5) A.
There are seven symmetrically non-equivalent general positions in the structure — one
belonging to Sodium, four to Oxygene, and two to Silicon and Aluminium. The determi-
nation of the distribution of Al and Si atoms in the tetrahedral positions was done based
on the *Si and ”’Al MAS NMR spectra, both showing clearly only one peak, and thus
perfect Al/Si ordering with all Al-tetrahedra pointing in one, and Si-tetrahedra pointing in
opposite direction.
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BaSnO; (BSO) pripada grupi perovskitskih oksida kubne kristalne strukture. Ovaj
materijal ima interesantna elektricna, opti¢ka i fotokataliticka svojstva zbog kojih ima
Siroku potencijalnu primenu kao transparentni provodnik, senzor za gasove,
fotokatalizator, dielektriéni kondenzator. BSO je izolator sa Sirokim energetskim
rascepom (E, = 3,1-3,4 eV), ali dopiranjem se njegova elektrina svojstva mogu
podesavati.

U ovom radu ispitivan je uticaj antimona kao dopanta (Sb*") na promene kristalne
strukture, mikrostrukturnih i elektricnih svojstava dopiranog BaSnO;. Smese prahova
BaCO;, SnO; i Sb,O5 u odgovaraju¢im stehiometrijskim odnosima mehanohemijski su
aktivirane u planetarnom kugli¢nom mlinu i nakon toga kalcinisane na 900 °C tokom 4 h.
Tako pripremljeni prahovi su sinterovani metodom spark plazma sinterovanja (1200 °C
tokom 5 min) kako bi se dobili keramicki uzorci sastava BaSn;_.Sb,O; (x = 0,00; 0,04;
0,06; 0,08 i 0,10). Svi uzorci su okarakterisani rendgenskom difrakcionom analizom
(XRD), visokorezolucionom transmisionom mikroskopijom (HRTEM) i skeniraju¢om
elektronskom mikroskopijom (FESEM). Elektricna provodljivost BaSn; ,Sb,0s
keramickih uzoraka odredena je merenjem strujno-naponske (/~U) karakteristike u
razli¢itim medijumima i na razli¢itim temperaturama.

XRD analiza potvrdila je postojanje kubne BSO faze kao dominantne, i tetragonalne
Ba,Sn0O, kao sekundarne faze. FESEM analiza je pokazala homogenost mikrostrukture
svih uzoraka, sa primetnim smanjenjem veliine zrna u dopiranim uzorcima. HRTEM
mikrografije za nedopirani uzorak ukazuju na manje uredenu mikrostrukturu sa
prisustvom amorfne faze u oblasti granice zrna. Dopirani uzorci pokazuju veci stepen
kristalini¢nosti, posebno u oblasti granice zrna bez prisustva defekata. Kod uzorka
BaSn,Sby 0sO3 uoceno je prisustvo niskougaonih granica (ugao je 2,08°). Potvrdeno je
da svi dopirani uzorci pokazuju provodljivost n-tipa, sa linearnom /~U zavisno$éu na
temperaturama do 150 °C. Uzorak BaSng¢,SbysO5 je pokazao najvecu provodljivost,
koja se moze pripisati prisustvu niskougaonih granica zrna koje omogucavaju laksi
prenos nosilaca naelektrisanja i povec¢avaju njihovu pokretljivost.

[171Y. Furushima, A. Nakamura, E. Tochigi, Y. Ikuhara, K. Toyoura, K. Matsunaga, J.
Appl. Phys., 120 (2016) 1421071-1421079.
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BaSnO; (BSO) belongs to the perovskite-type oxides with a cubic crystal structure. It
exhibits interesting electrical, optical and photocatalytic properties. BSO has a potential
application as transparent conductor, gas sensor, photocatalyst or dielectric capacitor. It is
an insulating material with wide band gap (£, = 3.1-3.4 eV), but its electrical properties
can be adjusted by doping with aliovalent cations.

In this work, we investigated the influence of antimony (Sb*"), as a dopant, on crystal
structure, microstructural and electrical properties of BSO ceramics. Stoichiometric
mixture of powders BaCO;, SnO, and Sb,O; was mechanochemically activated in a
planetary ball mill and afterwards calcined at 900 °C for 4 h. As-prepared powders were
sintered by spark plasma sintering technique (1200 °C for 5 min) in order to produce
ceramic samples BaSn;.Sb,O; (x = 0.00, 0.04, 0.06, 0.08 and 0.10). All samples were
characterized using X-ray Diffraction (XRD) analysis, High Resolution Transmission
(HRTEM) and Field Emission Electron Microscopy (FESEM). Electrical conductivity of
BaSn;,Sb,O; ceramics was determined by measuring of the current-voltage (/~U)
characteristics in different mediums and at different temperatures.

XRD analysis confirmed the existence of cubic BSO, as a dominant phase, and
tetragonal Ba,SnO,, as a secondary phase. FESEM analysis revealed homogenous
microstructure in all samples and noticeable decrease of the grain size in doped samples
compared to BSO. HRTEM micrographs of the undoped sample showed less ordered
microstructure with amorphous phase in the grain boundary region. Doped samples
revealed much higher crystallinity, especially in the grain boundary regions without
presence of defects. Low angle grain boundaries (LAGB) are observed (the angle equals
2.08°) on the HRTEM micrographs of BaSn,Sbg3O;3. It was observed that all doped
samples are n-type semiconductors, having linear /-U characteristics up to 150 °C.
Sample BaSng 9,Sby ¢sO; showed the highest conductivity, most likely due to the presence
of the LAGB, which allow easier charge carrier transfer between grains and greater
carrier mobility [1].

[11 Y. Furushima, A. Nakamura, E. Tochigi, Y. Ikuhara, K. Toyoura, K. Matsunaga, J.
Appl. Phys., 120 (2016) 1421071-1421079.
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[{uHkoM cyncTUTyHcaHe HaHOYecTHIle MarHeturta, Zn.Fe; O, KyOHOT o00IHKa,
BeNMYMHE OKO 19 nm U crenena cyncturynmje X = 0,4, UMajy BHCOKY e()UKACHOCT Y
TpaHCOpMAIMji EHEpPruje MPOMEHJBMBOI MArHETHOT I0Jba Y TOIUIOTY Kajxa Cy
komrnoHeHTa ¢pepodayuna [1]. OBa BUXOBa KapaKTEpUCTHKA UM oMoryhaBa mpuMeHy y
pasIMYMTHM TpaHaMa OWOMEIOWIMHE, YIIaBHOM Kao ,Mar€HetHo ceme” y
XHIEPTEPMHjCKOM TpeTMaHy obosennx fienuja u TKuBa, WIH Kao KOHTPACTHO CPEJICTBO Y
HOBOj [IMjarHOCTHYKOj TEXHHIM - MAarHeTCKoM cHuMamy uectuia [2]. Ilocrojeha
JUTEepaTypa yKasyje Ha CYNepUOPHOCT KyOHHX HaJ chepHHUM, Kao U Zn-CYNCTUTYUCAHUX
y OJHOCY Ha YKHCTe HaHOYeCTHIe MarHeTtuta, Fe;0,. OcuM BeIMYMHE KPHCTAINTA,
00JIMKa M XEMHUjCKOT cacTaBa, CTENCH KPUCTAJMHUIHOCTH HAHOUESCTHIIA BEOMA j& BaKaH
(hakTOp KOjU yTHUYE HA BbUXOBE OMOMEIUIHCKE TIeppopMaHce.

usb oBOr UCTpaXKKMBamwa je OMo 1a ce MpoLeHH/e:

1. na nu yrpagma Zn-joHa y KpHUCTalHy CTPYKTYpy CIHHENIa 3aBUCH O] BpPCTE
npekypcopa (CoM XJIOpHIa, OJHOCHO alleTHJI-alleTOHaTa), Kaaa ce MPUMEHH MeToqa
TEPMHYKE pasrpaambe.

2. CTPYKTYpHH ¥ MHUKPOCTPYKTYPHH IapaMeTpH y KyOookTaemapckuM Zn j3Fe; s704
HaHoOuYeCTHI[aMa Ha OcHOBY aHanmu3e XRPD mnogaraka momohy mporpama Fullprof,
npuMenyjyhin pazianunTe Moiene 3a IIUpeme peduieKcHja yciiel KOHAYHE BENMYMHE
KPHCTAJINTA U Hallpe3ama.

[1] Z. Nemati, J. Alonso, L.M. Martinez, H. Khurshid, E. Garaio, J.A. Garcia, M.H.
Phan, H. Srikanth, J. Phys. Chem. C, 120 (2016) 8370—8379.

[2] A.G. Kolhatkar, Y.-T. Chen, P. Chinwangso, I. Nekrashevich, G.C. Dannangoda, A.
Singh, A.C. Jamison, O. Zenasni, I.A. Rusakova, K.S. Martirosyan, D. Litvinov, S. Xu,
R.C. Willson, T. Randall Lee, ACS Omega, 2 (2017) 8010-8019.

[3] A. Lak, M. Cassani, B.T. Mai, N. Winckelmans, D. Cabrera, E. Sadrollahi, S. Marras,
H. Remmer, S. Fiorito, L. Cremades-Jimeno, F. Jochen Litterst, F. Ludwig, L. Manna,
F.J. Teran, S. Bals, T. Pellegrino, Nano Lett., 18 (2018) 6856—6866.
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Zinc substituted magnetite nanocubes, Zn,Fe;_ ,O4, with the size around 19 nm and the
substitution x ~ 0.4, have high efficiency in transforming the energy of oscillating mag-
netic field into heat, when they are component of ferrofluids [1]. This feature of theirs
gives them high potential to be used in a variety of biomedical applications, mostly as
magnetic seeds in the magnetic fluid hyperthermia treatment of ill tissues and cells or as a
contrast agent in the magnetic particle imaging — a new, high spatial resolution technique
[2]. Superiority of cubic over spherical, as well as Zn-substituted over pure magnetite
(Fe;04) nanoparticles have been revealed in the literature [2]. Apart from the crystallite
size, shape and chemical composition, the degree of the nanoparticles crystallinity is very
important factor which influences their biomedical performances [3].

The aims of this study were to evaluate:

1. if the incorporation of Zn ion into the spinel crystal structure depends on the kind
of precursors (chloride vs. acetylacethonate salts), when the thermal decomposition syn-
thesis method is applied.

2. the structural and microstructural parameters of thus obtained Zng i3Fe;g,04
cubooctahedral nanoparticles from refinement of the XRPD data using Fullprof program
and different models for the size and strain broadening.

[1] Z. Nemati, J. Alonso, L.M. Martinez, H. Khurshid, E. Garaio, J.A. Garcia, M.H.
Phan, H. Srikanth, J. Phys. Chem. C, 120 (2016) 8370—8379.

[2] A.G. Kolhatkar, Y.-T. Chen, P. Chinwangso, I. Nekrashevich, G.C. Dannangoda, A.
Singh, A.C. Jamison, O. Zenasni, I.A. Rusakova, K.S. Martirosyan, D. Litvinov, S. Xu,
R.C. Willson, T. Randall Lee, ACS Omega, 2 (2017) 8010-8019.

[3] A. Lak, M. Cassani, B.T. Mai, N. Winckelmans, D. Cabrera, E. Sadrollahi, S. Marras,
H. Remmer, S. Fiorito, L. Cremades-Jimeno, F. Jochen Litterst, F. Ludwig, L. Manna,
F.J. Teran, S. Bals, T. Pellegrino, Nano Lett., 18 (2018) 6856—6866.
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CuFe,O4 da3za mpenacraBiba NpeaIMET HAYYHOT HCIUTHBamba 300T MOTEHIMjaHEe
MIPUMEHE Y Pa3IMuUTUM 00JIacTHMa UCTPAXKUBamka (IOCTaBa JEKOBa, MarHETHU MEJIUjH 32
yyBame IMOjAaTaka, (OTOKaTali3a, XeTeporeHa Karaium3a). Y OBOj CTYAMjH, JBa
HaHOKOMITO3WTHa Yy30pka koju campxe c-CuFe,O4 dazy cy cuHTeTHCaHa METOIOM
konpeuunuTanyje, kopumhemem Cu”’ u Fe’ npekypcopa y MutuMonapHoM oauocy 1:3
u 3,1:3. XKapewe na 1100 °C je omoryhuno ¢opmupame pasimuuTHX HAHOKOMIIO3UTA
(c-CuFe,04-CuO-a-Fe,0; u c-CuFe,04-CuO, pecrieKTUBHO). 3a UCIUTUBAKE CTPYKTYpe
Y MarHeTHOT IMOHallamka MPHUIIPEMIBCHUX y30paka KopuiiheHe Cy TeXHHKe nudpaximje
X-3paka (XRD) u enexkrpoHcka napamarHetHa pe3oHaHua (EPR). XRD ananuza je
OTKpuJIa Jla HexkapeHu ysopiw caapxke CuO u neonunujcku pepuxuaput (2L-Fhyd), nox
y3opuu HaHokommosuTa canapxke CuFe,O, HaHOYecTHIle OKapakTepucaHE HCTOM
Benn4urHOM Kpuctanuta. EPR mepema cy ykasaja Ha YMHEEHHILYy Ja Y30pLH HOKazyjy
Pa3IMYNTO MAarHETHO MOHAIIAhE.

BakHO je IpEMETHTH J1a je pacrojelnia KaTjoHa rBokla pasyiMuuTa y UCITUTUBAHHM
y30pLUMMa; y jemHOM Cloydajy, mcTa kommumHa Fe®' katjoma je pacropehena m3mehy
a-Fe,0; u c-CuFe,O4 dase, ok je y apyrom cinydajy notmyHo yrpahena y c-CuFe,O4
¢a3y. OnaxxeHa mnojaBa je o0jalllmbeHa y KOHTeKCTy nceyno Jan-Teneposor edexra CuO
(asze npucyTHe y HexxapeHHM y3opuuma. Kako je mpouenypa cCHHTe3e MoapasymeBaia
npomeny KoHuentpanmje Cu’" mpekypcopa 0K ce KONHUMHA MpeKypcopa rBoxkha Huje
Memana, ucTa BenuuuHa Kpucramura c-CuFe,O, ¢ase y oba y3opka ykasyje Ha
uMmbEHHI Ja KoHIeHTparuja Fe’’ mpexypcopa uma BaHujy yIory of KOHLEHTpaLuje
Cu*' npexypcopa y neny MexaHu3Ma GopMEpama Koji oapeljyje BeaunHy HaHOUECTHIIA.
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CuFe,0, phase has been a subject of the scientific research due to its potential various
applications in different research areas (drug delivery, magnetic storage media,
photocatalysis, heterogenous catalysis). In this study, two nanocomposite samples con-
taining c-CuFe,O, phase are prepared by coprecipitation, using Cu®" and Fe** precursors
in milimolar ratio 1:3 and 3.1:3. Annealing at 1100 °C enabled fomation of different
nanocomposites (c-CuFe,04-CuO-a-Fe,0; and c-CuFe,04-CuO, respectively). X-ray
diffraction (XRD) and electron paramagnetic resonance (EPR) measurements were em-
ployed to investigate structure and magnetic behavior of the prepared samples. XRD
analysis revealed that native samples contained CuO and two line ferrihydrite (2L-Fhyd),
while nanocomposite samples contained c-CuFe,O, nanoparticles characterized by the
same crystallite size. EPR measurements pointed to the fact that samples showed differ-
ent magnetic behavior.

It is important to notice that distribution of the iron cations is differed in the examined
samples; in one case, the same amount of Fe** cations is distributed between the o-Fe,0;5
and c-CuFe,04 phase, while in the other case, it is completely incorporated in c-CuFe,O4
phase. Observed feature is explained in term of pseudo Jahn-Teller effect of CuO phases
presented in native samples. Since the synthesis procedure considered alteration of Cu*"
precursor concentration while the amount of iron precursor has not been changed, the
same crystallite size of c-CuFe,O4 phase in both samples pointed to the fact that
concentration of Fe*" precursor has more important role, compared with the amount of
Cu*" precursor, in the part of formation mechanism that determines the size of copper
ferrite nanoparticles.
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Magneticni makroporozni kopolimer glicidilmetakrilata (GMA) i
etilenglikoldimetakrilata (EGDMA), sintetisan suspenzionom kopolimerizacijom in situ u
prisustvu nanoCestica magnetita (Fe;O,), oblozenih 3-aminopropiltrimetoksisilanom
(APTMYS), naknadno je funkcionalizovan dietilentriaminom (10MAGSi-SGE60-deta), i
koris¢en kao sorbens oksianjona Cr(VI) i W(VI) u monokomponentnim vodenim
rastvorima.

U model sistemima za procenu jacine vezivanja oksianjona Cr(VI) i W(VI), koris¢ena
su 4 molekulska fragmenta, koja odgovaraju apsorpcionim centrima na ispitivanom kopo-
limeru (dve -deta i dve APTMS molekulske vrste). Pokazalo se da sva Cetiri aktivna cen-
tra grade jace interakcije sa oksianjonima W(VI) u odnosu na Cr(VI). Medutim, eksperi-
mentalno odredene vrednosti maksimalnih kapaciteta sorpcije na pH=5,9 za oksianjone
Cr(VI) (Qpev=9,81 pmol-g™) i W(VI) (Qpe=4,11 pmol-g™') dale su drugaéiji redosled.
Razlog za takvo odstupanje je tendencija oksianjona elemenata VIB grupe (Cr, Mo i W),
da u vodenom rastvoru polimerizuju, $to je narocito izrazeno u koncentrovanijim
rastvorima, kao i kod metala sa ve¢im atomskim brojem [1]. Kako bi se ispitala ova
pojava u kristalnim strukturama, uradena je pretraga CSD baze. Rezultati pretrage su
pokazali da su najzastupljenije stukture oksianjona Cr(VI) u obliku Cr,0 i CrO,*, dok
su u slucaju W(VI) najzastupljenije strukture sa polioksianjonima (W()O]gz’ i W100324’).

Vezivanje  polioksivanadata

w -4' vise je favorizovano na povrSini
2- -

i ar sorbensa u odnosu na hromate, zbog

m‘ ; veée kontakte povrSine i1 vecéeg

oo wo. WO WO W0 negativpog naelektrisanja. Medutim,
© o vezivanje unutar pora kopolimera
odredeno je unutarCesticnom difuzijom, koja je dosta otezana ili onemoguéena
voluminoznijim polioksivanadatnim jonima u odnosu na hromatne jone, koji su manje

znacajan uticaj na proces sorpcije u datim uslovima.

[1] H. Hur, R.J. Reeder, J. Colloid Interface Sci., 461 (2016) 249-260.
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Magnetic macroporous copolymer of glycidyl methacrylate (GMA) and ethylene glycol
dimethacrylate (EGDMA) was synthesized by suspension copolymerization in situ in the
presence of magnetic nanoparticles (Fe;O,4), coated with 3-aminopropyltrimethoxysilane
(APTMY), additionally functionalized with diethylenetriamine (10MAGSi-SGE60-deta), and
was tested as sorbent of Cr(VI) and W(VI) oxyanions in monocomponent aqua solution.

Binding strengths of Cr(VI) and W(VI) oxyanions were tested in model systems
which used 4 molecular fragments that correspond to the sorption centers on the
copolymer (two deta and two APTMS molecular species). It has been shown that all four
active centers build stronger interactions with W(VI) oxyanions compared to Cr(VI).
However, the experimentally determined values for the maximum sorption capacity at
pH = 5.9 for Cr(VI) (Qpax = 9.81 pmol-g™") and W(VI) (Qpex = 4.11 pmol-g™") oxyanions
showed different order. The reason for this deviation is tendency of the VIB group (Cr,
Mo and W) metals to polymerize in the aqueous solution, which is more pronounced in
concentrated solutions, as well as for metals with a higher atomic number in group [1]. In
order to examine this phenomena in crystalline structures, CSD database was searched. It
was showed that the most represented Cr(VI) oxyanions structures are in the form of
Cr2072’ and Cr042’, while in the case of W(VI) the most abundant structures with
polyoxoanions (W(,O]gz’ and W100324’).

&g 4' The binding of polyoxovanadate

Qo o is more favored on surface of sorbents

3 = $‘ %‘ ‘@' compared to chromates, due to their

":‘}‘r & o - o,  greater surface contact and more

oo e T o ® negative charge. However, the bonding
within the pores of the copolymer is determined by interparticulare diffusion, which is
rather difficult or disrupted by voluminous ions of polyoxovanadate in relation to
chromate ions, which are smaller and more mobile. It is therefore considered that the
diffusion of oxyanions through the pores has a significant effect on the sorption process.
[1] H. Hur, R. J. Reeder, J. Colloid Interface Sci., 461 (2016) 249-260.
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Za reaktivnost karbonizovanih nanomaterijala polianilina (PANI) veoma vaznu ulogu
ima prisustvo strukturno inkorporiranih azotovih atoma. Tokom karbonizacije PANI
obi¢no zadrzava svoju polaznu morfologiju u ¢ijoj su osnovi plocice, Stapi¢i/vlakna i
sferni oblici.

Prilikom pretrage Kembricke baze kristalografskih podataka (CSD) pronadene su
ravne ugljeni¢ne strukture od kondenzovanih Sestoclanih aromati¢nih prstenova, zatim
sferni fulareni (oblik lopte i jajeta) i fulareni nalik Stapi¢ima, odnosno kapsuli (slika).
Supstituenti mogu znacajno deformisati karbonske materijale, pa stoga takve strukture
nisu razmatrane u ovom radu. Od ukupno 135 struktura najzastupljeniji fularen oblika
lopte izgraden je od 60 C atoma (108 struktura), a samo jedna struktura ima oblik
kapsule.

Na osnovu ve¢ poznatih modela dopiranja, [1] modifikovane su CSD strukture
grafenske ploc¢e (DOKQIF) i fularen u obliku kapsule (RONVEX). Semiempirijska AM1
metoda je koriS¢ena za optimizaciju ovih struktura, a u cilju odredivanja energetski
najpovoljnijeg nac¢ina dopiranja. Ispitivana je i zavisnost energetski najpovoljnijeg nacina
dopiranja od velicine i oblika pocetne srukture. Izracunate energije interakcija izmedu
najstabilnije dopiranih karbonskih struktura i Pb(II) jona posluzile su za razumevanje
nacina adsorpcije ovog jona na povrsini pojedinih morfoloskih oblika.
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The reactivity of carbonized polyaniline (PANI) nanomaterials significantly depends
on the presence of structurally incorporated nitrogen atoms. The nanomorphology of
PANI, basically composed of plate-, stick-/fiber- and spheric-like shapes, usually remains
preserved upon the carbonisation.

The search of Cambridge Structural Database (CSD) led us to the carbone structures
of condensated sixfold aromatic rings, spheric fullerenes (ball- and egg-like shapes) and
fullerenes in the shape of sticks, i.e. a capsule (Figure). Overall, 135 structures were
extracted. Since substituents could significantly deform carbon materials, those structures
were not considered in this study. The ball-shaped fullerenes with 60 C atoms are the
most abundant (108 structures), while there is just one capsule-shaped fullerene structure.

The CSD structures of graphene’s plate (DOKQIF) and fullerene’s capsule
(RONVEX) were nitrogen doped according to the models in the literature [1].
Semiempirical AM1 method was used for the optimization of these structures, in order to
determine the most energetically favourable doping mode and its dependence on the size
and shape of the original structure. Calculated interaction energies between Pb(II) ion and
the most stable nitrogen doped structures were used to determine the adsorption modes of
Pb(II) ion.
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Visoke koncentracije molibdena i renijuma mogu izazvati ozbiljne zdravstvene
probleme i zagadenje zivotne sredine, stoga su neophodne efikasne tehnologije separacije
i sanacije. Amino-funkcionalizovani poli(glicidil metakrilat-ko-etilen glikol dimetakrilat)
(PGME) je ve¢ istaknut kao efikasan sorbent za uklanjanje teSkih metala iz vodenih
rastvora [1]. Na osnovu na$ih prethodnih rezultata [2], PGME funkcionalizovan dietilen-
triaminom (PGME-deta), upotrebljen je kao sorbent za uklanjanje oksoanjonskih vrsta
Mo(V]) iz vodenih rastvora.

Kapacitet sorpcije deta-funkcionalizovanog kopolimera opada sa porastom pH
vrednosti, a promena je u korelaciji sa distribucijom protonovanih vrsta dietilentriamina u
rastvoru. Naime, sa poveCanjem pH vrednosti rastvora, smanjuje se pozitivno
naelektrisanje dominantne deta vrste. Kako se sorpcija zasniva na elektrostatickim
interakcijama oksoanjona sa protonovanim deta fragmentima kopolimera, smanjenje
sorpcije je posledica ovog smanjenja pozitivnog naelektrisanja. DFT proracuni pokazali
su da se MoO,* jon jade vezuje od ReO, jona. Medutim, poznato je da Mo ima osobinu
da gradi poli-okso jedinjenja, koja je izraZenija sa pove¢anjem koncentracije Mo i pH
rastvora. Rezultati pretrage Kembricke baze strukturnih podataka (CSD) pokazali su
veliku raznolikost oksoanjonskih vrsta Mo(VI), ali i postojanje samo dve oksoanjonske
vrste Re(VII). Najzastupljenije vrste su prikazane na slici.
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Mogucénost Mo(VI) da gradi poli-okso jedinjenja razlog je drastiénog smanjenja
sorpcije Mo(VI), u odnosu na sorpciju Re(VII), na pH > 4. Razlog za to je voluminoznost
poli-okso vrsta, koja otezava penetraciju oksoanjona u strukturu kopolimera.

[11M.].S. Yabea, E. de Oliveirab, Adv. Environ. Res., 7 (2003) 263-272.
[2] B.M. Ekmesci¢, D.D. Maksin, J.P. Markovi¢, Z.M. Vukovi¢, R.V. Hercigonja, A.B.
Nastasovi¢, A.E. Onjia, Arab. J. Chem., doi.org/10.1016/j.arabjc.2015.11.010.
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High molybdenum and rhenium levels can cause serious health problems and envi-
ronmental contamination, so an efficient separation and remediation technologies are
necessary. Amino-functionalized poly(glycidyl methacrylate-co-ethylene glycol di-
methacrylate) (PGME) has already been highlighted as an efficient sorbent for removal of
heavy metals from aqueous solutions [1]. Based on our previous results [2], PGME func-
tionalized with diethylenetriamine (PGME-deta) was used as sorbent for removal Mo(VI)
oxoanionic species from aqueous solutions.

Adsorption capacity of the deta-functionalized copolymer decreases with increasing
pH, and the change is in correlation with the distribution of protonated deta species in the
solution. The positive charge of the dominant deta species decreases with the increasing
of pH values. As the sorption is based on electrostatic interactions of oxoanions with
protonated deta fragments of copolymer, the reduction of sorption is a consequence of
this decrease in positive charge. DFT calculations have shown that MoO,4*" ion is stronger
bonded than ReO* ion. However, it is known that oxo-Mo species have the property to
build poly-oxo compounds, which is more pronounced with increases of Mo concentra-
tion and pH value of solution. The results of Cambridge Structural Database (CSD)
search have shown a great diversity of Mo(VI) oxoanionic species and only two oxoan-
ionic species of Re(VII). The most abundant types are shown in the Figure.
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The ability of Mo(VI) to build a poly-oxo compounds is the reason of a drastic reduc-
tion of Mo(VII) sorption, compared to sorption of Re(VII), at pH > 4. The possible rea-
son for this is voluminousity of poly-oxo species, making the oxoanion penetration into
the structure of the copolymer more difficult.

[1] M.J.S. Yabea, E. de Oliveirab, Adv. Environ. Res., 7 (2003) 263-272.

[2] B.M. Ekmesci¢, D.D. Maksin, J.P. Markovi¢, Z.M. Vukovi¢, R.V. Hercigonja, A.B.
Nastasovi¢, A.E. Onjia, Arab. J. Chem., doi.org/10.1016/j.arabjc.2015.11.010.
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dochuHO-00paHCKH MapoBH, MOCEOHO ,,pPYCTpUPaHH", MMajy LIMPOKY MPUMEHY Y
Pa3IMYATHM JIOMEHHMA: OJ CHHTE3¢ M KaTalu3e [0 CKIaJuIITerha BOJOHUKA U
marepujana [1]. Y oBoM pamy je mpoydaBaH YTHIAj CYIICTHTYeHATa Ha HHTEPAKIIHje
n3mel)y pocduna u OopaHa Ha OCHOBY aHAITM3E CBUX JOCTYITHUX KPUCTATHUX CTPYKTypa
apxuBupanux y KemOpuukoj 6a3u cTpykrypHux monaraka (eHr. Cambridge Structural
Database (CSD)) [2].

KoHTakTi cy KiacuuKkoBaHM MpemMa BEITMYUHU U PUPOJIU CYIICTUTYEHATa Ha aTOMY
6opa, mTo je oMOryhmiao aHaauM3y yTHIAja pa3iMYMTHX THIIOBA CYNCTHTYEHaTa aroMa
O6opa Ha reomerpujy mapa ¢ocun—OopaH, ykipydyjyhu kmacudune u ¢pycTpupane
JIyucose (Lewis) mapose (FLP), y kpucranaum cTpykrypama. Pasmatpane cy Tpu rpyne
crpykrypa: BH;—P(YY,Y3) cer xoju canpxu BH; xao monexyn 6opana; B(X;X,X;)—
P(Y Y,Y3) cer koju caapxku CBe ocrajie MOJieKyjJe OopaHa, W ceT (pycTpuUpaHHX
JlyucoBux  ¢docduHO-OOpaHCKUX TapoBa. Pesynratm Tokasyjy Mga IPHCYCTBO
apOMaTHUYHMX CYIICTUTyeHaTa Ha aroMy Oopa MMa MajM yTHIaj, TOK MPHUCYCTBO MOCTa
(manar; atoma wm3melhy ¢ochopa u Oopa) UMa 3HAYajaH YTHUIA] HA TECOMETPH]Y
uHTepakuuja m3Mmehy Qocduna u Oopana y xpucrtamuma. JloOujeHH pesynraTu
oMoryhunmu cy u mopelhere TeOMETpHjCKHX IapaMerapa KJIACHYHUX H (pyCTPHpPaHHX
JlyncoBux maposa.

FLP CprKTyp-a: ca C,-MocTOM

3axBanHnna: OBaj paj je monapkaH o cTpaHe MUHHCTapcTBa NIPOCBETE, HaykKe M
TEXHOJIOIIKOT pa3Boja Pemybnuke Cpouje [mpojekar Op. 172065].

[1] D.W. Stephan, G. Erker, Angew. Chem. Int. Ed., 54 (2015) 6400—6441.

[2] M.R. Milovanovi¢, J.M. Andri¢, V.B. Medakovi¢, J-P. Djuki¢, S.D. Zari¢, Acta
Crystallogr., B74 (2018) 255-263.
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The phosphine—borane pairs, especially frustrated ones, have found great use in dif-
ferent domains: from synthesis and catalysis to hydrogen storage and materials [1]. Here-
in we studied the influence of the substituents on the phosphine-borane interactions
based on the analysis of all available crystal structures archived in the Cambridge Struc-
tural Database (CSD) [2].

The contacts have been classified according to the size and the nature of the substitu-
ents on the boron atom, which enabled analysis of the influence of the different types of
boron atom substituents on the geometry of phosphine—borane pairs, including classical
and frustrated Lewis pairs (FLPs), in the crystal structures. Three sets of structures were
considered: the BH;—P(Y,Y,Y3;) set containing BH; as the borane molecule; the
B(XX,X;3)-P(YY,Y3) set with all other borane molecules, and the frustrated Lewis
(phosphine-borane) pairs set. The results show that the presence of aromatic substituents
on the boron atom has a small influence, whereas the presence of a bridge (an atomic
chain between phosphorus and boron centres) has a more significant influence on the
geometries of phosphine—borane interactions in crystals. The obtained data also enabled a
comparison of the geometrical parameters of the classical and frustrated Lewis pairs.

FLP structure with a C,-bridge

Acknowledgements: This work was supported by the Serbian Ministry of Education,
Science and Technological Development [grant number 172065].

[1] D.W. Stephan, G. Erker, Angew. Chem. Int. Ed., 54 (2015) 6400—6441.
[2] M.R. Milovanovié¢, J.M. Andri¢, V.B. Medakovi¢, J-P. Djuki¢, S.D. Zarié, Acta
Crystallogr., B74 (2018) 255-263.

&5



XXVI Kongepennuja Cprickor KpucTaaorpadckor ApyIiTea

HOPEBEKBE EHEPI'NJA X-H/Pt UHTEPAKIIUJA USMEBY
MOJIEKYJIA OUC- U TPAHC-IIJIATUHE U PA3JIMYUUTHUX
JOHOPA BOAOHUKA

. %K. Besbkosuh *,A. B. Bynosuh *,C. JI. 3apuh™®

* Xemujcxu ¢paxynmem, Ynueepsumem y Beoepady, Cmydenmcku mpe 12-16, beozpao,
Cpbuja; ° Department of Chemistry, Texas A & M University at Qatar P.O. Box 23874
Doha, Qatar

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

X—H/M wuHTepakiyje NpencTaBibajy Mmoce0aH THUIM HEKOBAJCHTHHUX HHTEPAKIHja Y
KOjHMa ce MeTaJl TIOHaIlla Kao akIenTop atoma Bomonuka [1]. IIpBu mokasu mocrojama
OBOT' THIIAa 3aCHMBAJM Cy C€ Ha EKCIICPHMEHTHMa W KBAaHTHOXEMMjCKHM IpOpadyHHMa
KOjU Cy YK/bYYHMBAJIKM KOOpIHMHAIIMOHA jenumea tuiatuHe [1-3]. Y HapenuHum
Jeuenujama, X-H/Pt wuHTepaknuje cy JeTaJbHO IpoydaBaHe Kako IomMohy
eKCIIepUMEHTAITHHX, TaKO B IToMohy padyHapckux merona [1-5].

VY oBoM pamy cy IpoydaBaHe eHepruje u reomerpuje X—H/Pt unrepakuuja uzmehy
MOJIEKyJIa IIUC- U TpaHC-IIaTHHE Kao aKleNnTopa BojoHuka u Monekyna CH,, NH; u H,O
Kao J0HOpa BoJOHMKA. EHepruje mHTepakuuja cy m3padyHare kopuinhemem MP2/aug-
cc-PVDZ nuBoa teopuje. KemOpuka 0aza monaraka je mpeTpakeHa Ha CBE CTPYKType
KOje caipske  MOJIeKyJe IMC- U TpaHC-IUIaTMHE  KOju ydecTByjy y X-H/Pt
UHTepakuujama. PacTojame BOJOHHK...IUIATHHA CTAQTUCTUYKU j€ aQHAIU3HPAHO U
pe3ynTaTH aHanuse cy ynopeheHu ca pe3ynTaTiMa KBaHTHOXEMH]jCKUX MPOpavyHa.

Pesynratu cy nokazanu jaa je Hajjadya X-H/Pt uHTepakimja MoyieKyia IUCIUIATHHE

3HAYajHO CHAXXHHUja OJ Hajjaye WHTepakuuje Mojekyna Tpancmuatuie (Eopsispe = —5.97
kcal/mol u Eopjtrans-pe = —4.43 kecal/mol) .
0.09 I 0.09

-0.05 -0.05
-0.07 -0.07
-0.09 -0.09
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[1] E.R.T. Tiekink, Coord. Chem. Rev., 345 (2017) 209-228.

[2]7. Kozelka, J. Berges, R. Attias, J. Fraitag, Angew. Chem., 112 (2000) Nr. 1.

[3] S. Rizzato, J. Berges, S.A. Mason, A. Albinati, J. Kozelka, Angew. Chem. Int. Ed., 49
(2010) 7440-7443.
4
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X—H/M interactions represent special type of noncovalent interactions in which metal
atoms act as hydrogen atom acceptors [1]. First evidence of existence of this type of in-
teractions was based on experiments and quantum chemical calculations involving coor-
dination compounds of platinum [1-3]. In the following decades, X—H/Pt interactions
were extensively studied by both experimental and computational methods [1-5].

In this paper, energies and geometries of X—H/Pt interactions involving cis- and
transplatin molecules as hydrogen atom acceptors and CH4, NH3 and H,O molecules as
hydrogen atom donors were studied. Interaction energies were calculated using MP2/aug-
cc-PVDZ level of theory. Cambridge Structural Database was searched for all structures
containing cis- and transplatin molecules involved in X-H/Pt interactions. Hydro-
gen...platinum distances in these structures were statiticaly analyzed and the results of
this analysis were compared with the results of quantum chemical calculations.

Results showed that the strongest X—H/Pt interactions involving cisplatin molecule
are significantly stronger in comparison to the strongest interactions involving transplatin
molecule (Eoneis-pe = —5.97 keal/mol while Eoyjrans.pe = —4.43 kcal/mol ).
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Electrostatic potentials for cis- and transplatin molecules calculated using WFA-SAS software

[1] E.R.T. Tiekink, Coord. Chem. Rev., 345 (2017) 209-228.

[2]J. Kozelka, J. Berges, R. Attias, J. Fraitag, Angew. Chem., 112 (2000) Nr. 1.

[3] S. Rizzato, J. Berges, S.A. Mason, A. Albinati, J. Kozelka, Angew. Chem. Int. Ed., 49
(2010) 7440-7443.
4
[5

] O. Kroutil, M. Piedota, Z. Chval, Inorg. Chem., 55 (2016) 3252—-3264.
1 G.V. Janji¢, M.D. Milosavljevi¢, D.Z. Veljkovi¢, S.D. Zari¢, Phys. Chem. Chem.
Phys. 19 (2017) 19, 8657-8660.
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Tako interakcija dve hemijske veze spada u grupu interakcija koje nisu u skladu sa
hemijskom intuicijom [1], ove interakcije pokazuju svoju Siroku zastupljenost u
kristalnim strukturama, uprkos veoma strogim geometrijskim kriterijumima koji ih
definisu. Interkcije dve hemijske veze predstavljaju sistem sa Cetiri centra, od kojih svaki
predstavlja po jedan od Cetiri atoma interagujuéih veza.

U ovom radu uradena je kristalografska studija zasnovana na podacima dobijenim iz
Kembricke baze strukturnih podataka (CSD), kod koje je rastojanje izmedu dva centra
veze (AB i CD hemisjke veze) manje od 3,5 A (d parametar, slika 1).
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Slika 1. Model sistem sa paramerima Slika 2. Geometrijska karakterizacija interakcija tipa
koji definisu geometryju interakcija dve jednostruka/dvostruka i jednostruka/trostruka u
hemijske veze. kristalnim strukturama: d rastojanje i torzioni ugao T.

Skoro sve strukture iz CSD baze (ukupno 717 876 struktura) sadrze najmanje jednu
ovakvu interakciju. Bez obzira da li su interakcije tipa jednostruka/dvostruka (J/D) ili
jednostruka/trostruka (J/T), sva d rastojanja su ve¢a od 3,2 A, sa maksimumom raspodele
u opsegu od 3,4 A do 3,5 A (slika 2). Ukrstena orijentacija (T > 20°) je zastupljenija od
paralelne, kod oba tipa kontakata.Ovi kontakti su nekoliko puta zastupljeniji od
vodoni¢nih veza izmedu dva molekula vode (25 277 kontakata), sa rastojanjem izmedu
kiseonikovih atoma manjem od 3,5 A. Uzimajuéi u obzir broj medumolekulskih
kontakata (12 197 kontakta za J/D tip i 9 288 kontakta u sluc¢aju J/T tipa), jasno je da ove
interakcije imaju znacajnu ulogu u kristalnom pakovanju.

[1] S. K. Singh, A. Das, Phys. Chem. Chem. Phys., 17 (2015) 9596-9612.
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Although the interaction of two bonds is counterintuitive in nature [1], bond/bond
interactions have shown the widespread presence in crystal structures, despite very strict
geometric criteria used to define them. These interactions present four centered system
that includes each of four atoms from interacting bonds. Here, the crystallographic study
is based on the structures archived in the Cambridge Structural Database (CSD) in which
the distance between the centres of two contact bonds (AB and CD bonds) is less than
3.5 A (d parameter, Figure 1).
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Figure 1. The model system and Figure 2. Geometrical characterization of interactions
geometrical parameters defining between single/double and single/triple bond pairs in crystal
the geometry of two contact bonds. structures: d distance and torsion angle T.

Almost all structures in the CSD (717 876 structures) contain at least one bond/bond
contact. Regardless of whether the interactions are single/double or single/triple type, in
most of contacts the distance d is larger than 3.2 A with maximum of distribution in the
range from 3.4 A to 3.5 A (Figure 2). Crossed orientation (T > 20°) is more frequent than
parallel, in both types of bond/bond contacts.

These contacts are several times more frequent than hydrogen bonds of water
molecules (25 277 contacts), with the distance between oxygen atoms less than 3.5 A.
Taking into account the intramolecular bond/bond contacts (12 197 contacts of
single/double type and 9 288 contacts of single/triple type) it is clear that these
interactions have an important role in the crystal packing.

[1] S. K. Singh, A. Das, Phys. Chem. Chem. Phys., 17 (2015) 9596-9612.
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Raspodela gustine naelektrisanja u elektron-deficitarnom syn-facijalnom Cr, Mn-
benzil kompleksu [1] ispitana je kombinacijom eksperimentalnih i teorijskih metoda.
Gustina naelektrisanja eksperimentalno je odredena na osnovu podataka dobijenih
difrakcijom rendgenskog zracenja visoke rezolucije na sinhrotronu i primenom multipol-
formalizma [2]. DFT proracuni su sprovedeni na kristalnom sistemu u eksperimentalnoj
geometriji, primenom programa Crystal09 [3], i na izolovanom molekulu primenom
programa AIMAIl [4]. Svi modeli elektronske gustine ispitani su primenom Kvantne
teorije “Atomi u molekulu” [5] sa ciljem procene faktora znacajnih za stabilizaciju
elektron-deficitarnog kompleksa. Direktna interakcija izmedu atoma metala kao i
interakcija izmedu atoma metala i organskog liganda ispitana je topoloskom analizom
ukupne elektronske gustine. Eksperimentalni model i teorijski modeli raspodele gustine
naelektrisanja pokazuju sli¢na svojstva. Pored odsustva topoloske kriti¢ne tacke veze,
oblast izmedu atoma metala karakterise mala koli¢ina elektronske gustine (0,12 ¢.A™),
dok atomi oba metala prema rezultatima ,,funkcije izvora” (eng. source fuction) povlace
elektronsku gustinu iz meduatomske oblasti. Integrisana funkcija izvora ispitana u
razli¢itim referentnim taCkama izmedu atoma metala i organskog liganda pokazuje
doprinos u elektronskoj gustini gotovo svih atoma u sistemu ukazujué¢i na veoma
delokalizovanu metal-ligand interakciju.

[1] J.-P. Djukic, C. Michon, A. Berger, M. Pfeffer, A. Cian, N. Kyritsakas-Gruber, J.
Organomet. Chem., 691 (2006) 846—858.

[2] N.K. Hansen, P. Coppens, Acta Crystallogr., A34 (1978) 909-921.

[3] R. Dovesi, V.R. Saunders, R. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale,
B. Civalleri, K. Doll, N.M. Harrison, 1.J. Bush, P. D’Arco, M. Llunell, CRYSTALO09.
University of Torino: Torino, 2009.

[4] AIMALIL T.A. Keith, TK Gristmill Software, Overland Park KS, USA, 2019.

[5] R.E.W. Bader, Atoms in Molecules: A Quantum Theory. International Series of Mon-
ographs in Chemistry, Vol. 2; Oxford University Press: Oxford, 1990.
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Combined experimental and theoretical charge density study has been performed on
electron-deficient syn-facial Cr-Mn benzyl complex [1]. The charge density has been
modelled experimentally by using the multipole formalism [2] against a high-resolution
single-crystal X-ray diffraction data collected with a synchrotron source. DFT calcula-
tions have been performed on periodic system in the experimental geometry by using
Crystal09 [3] and on the isolated molecule by using AIMALII [4]. All charge density mod-
els have been examined in terms of the Quantum Theory of Atoms in Molecules [S] with
the aim to evaluate the factors stabilizing the electron-deficient Cr-Mn complex. The
direct Cr...Mn interaction as well as the interaction between the metal atoms and alkyli-
dene ligand have been examined by topological descriptors including the local and inte-
grated source function. Experimental and theoretical charge density models show similar
electronic features. Apart from the lack of the topological bond critical point, the region
between the Cr and Mn atoms is characterized by low electron density (0.12 e.A™),
where both metal atoms behave as deep sinks in terms of the source function. Integrated
source function examined in different reference points located between the metal atoms
and the alkylidene ligand shows the contribution in electron density from almost all at-
oms in the system suggesting a highly delocalized metal-ligand interaction.

[1] J.-P. Djukic, C. Michon, A. Berger, M. Pfeffer, A. Cian, N. Kyritsakas-Gruber, J.
Organomet. Chem., 691 (2006) 846—858.

[2] N.K. Hansen, P. Coppens, Acta Crystallogr., A34 (1978) 909-921.

[3] R. Dovesi, V.R. Saunders, R. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale,
B. Civalleri, K. Doll, N.M. Harrison, I.J. Bush, P. D’Arco, M. Llunell, CRYSTALO09.
University of Torino: Torino, 2009.

[4] AIMALL T.A. Keith, TK Gristmill Software, Overland Park KS, USA, 2019.

[5] R.E.W. Bader, Atoms in Molecules: A Quantum Theory. International Series of Mon-
ographs in Chemistry, Vol. 2; Oxford University Press: Oxford, 1990.
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3a pa3yuKy Of MPOTEHHCKUX IeJIOBa YHja Cy CHHTE3a H KOHTpOJIa CaMOOPraHH3alHje
JI0 JKeJbEHE CYNMpPaMOJICKYJICKE CTPYKTYpe BEOMa 3aXTEBHH, XMAPOTEIOBU aMHIIOUJA CY
WCATHN 32 OMOMaTepHjaje W HAaHOTEXHOJIOTHjy 300T CBOje Majie BEIMYMHE W JIaKe
cunrese [1]. VMcnuTuBamu cMo Kako XuIpaTaiija yTH4Ye Ha €HEprujy HHTEpakuuja y
KPHCTAJHUM CTpyKTypama amwiionza. [IporenHcka GaHka moparaka [2] je mpeTpakeHa
IpeMa METOIOJIOTHjH OIUCaHo] y MpeTxomHoM paxy [3]. Xuapartamwja u eHepruja
MHTEpaKIyje Cy NpoydaBaHW y cedaM rpyna moauMopda, OZHOCHO CTPYKTypama
aAMUJIOH/IA Ca HCTOM CEKBEHIIOM aMHHOKHUCEIHHA.

Enepruje uHTepakuuja m3Mel)y jeZHOr TENTHUAHOT JIAHIA AMUIIOWA U HErOBOT
OKpyXera 3a CBaky Tpyly HoiluMopda cy mpolemeHe KopumhemeM ToJba CHia
CHARMM [4]. ATomMH BOJOHHKA Cy AOJAaTU pauyHapcKy, W Ipe IpopadyHa eHepruje,
eHepruja je MUHUMHU30BaHa MOJICKYJICKO-THHAMUYKHI TaKO IITO CY CBU BOJOHUIIA MOTIIH
cnobogHo na ce kpehy. OpuruHanHa jequHuyuHa henuja 3a cBaky CTPYKTYpY aMUJIOH[IA je
TpaHCIHMpaHa y CBUM IIpaBLUMa M EJIEKTPOCTATHYKE HHTEPaKIje Cy padyHare y
OeckoHaYHO] KpHCTaIIHOj pemeTku nomohy metoze Particle Mesh Ewald [5].

Xwuzparanuja cBakor noiauMopda je oapeheHa nesbemeM Opoja KOHTakara BoJa-
MIPOTeMH ca YKymHHM OojeM KoHTakara. KOHTakT moapasyMmeBa pacrojame nimely
Temkux atoma of 4,0 A. 3a amammsy Xmaparanuje W eHepruje je HAMNCAHA CKPHIITA y
jesuky Python ca kopuirhemem 6ubmoreke MDAnalysis [6], a 3a mpopauyH eHepruje je
xopuuthen nporpam NAMD [7].

Pesynratu ykasyjy Ha jady MHTEpaKIHjy ca MOpacTOM KOHTaKara ca BOJIOM 3a Heke
nojauMop¢He rpyne u oOpHYT Cliydaj 3a octane rpyme. [Jaba cTpyKTypHa aHanu3a hie
pPacBeTIIMTH pA3Jiore TAKBOT MOHAIIama. Y CBHUM CTPYKTypama, eJIeKTPOCTaTHYKa
eHepruja je jaua o] BaH Jep BaicoBe eHepruje, W eleKTpOCTaTH4Ka €Hepruja mnparu
KPUBY YKyITHE €HEepTHje.

[1]R.S. Jacob et al., Biomaterials, 54 (2015) 97-105.

[2] H.M. Berman et al., Nucleic Acids Res., 28(1) (2000) 235-242.

[3] L. Stankovi¢, M.B. Hall, S.D. Zari¢, Trans. Internet Res., 13 (2017).

[4] A.D. Mackerell Jr et al., J Phys Chem B, 102 (1998) 3586-3616.

[5]T. Darden, D. York, L. Pedersen, J Chem Phys, 98 (1993) 10089-10092.
[6] N. Michaud-Agrawal et al., Comput. Chem., 32 (2011) 2319-2327.
[717J.C. Philips et al., J Comput Chem, 26 (2005) 1781-1802.
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Contrary to protein gels where synthesis, manipulation and control of the self-
assembly for desired supramolecular formulation is very challenging, amyloid-based
hydrogels are ideal for biomaterial and nanotechnology applications because of their
small size and ease of custom synthesis [1]. We investigated how hydration influences
energy of interactions in crystal amyloid structures. The Protein Data Bank [2] was
searched for crystal amyloid structures according to the methodology in [3]. Hydration
and interaction energy were analyzed in seven groups of polymorphous structures, ie. the
amyloid structures with the same amino acid sequences.

The energy interactions between one amyloid polypeptide chain and its surroundings
for each polymorph group were estimated with the CHARMM force field [4]. Hydrogen
atoms were added computationally, and molecular dynamics energy minimization with
the hydrogen atoms free to move was performed prior to energy calculations. The
original unit cell for each amyloid structure was translated in all directions and Particle
Mesh Ewald method [5] was used to account for the electrostatic interactions in the
infinite crystal lattice.

The hydration of every polymorph was estimated by dividing the number of water-
protein contacts by total number of contacts. A contact is considered a 4.0 A distance
between heavy atoms. Python scripts with MDAnalysis library [6] were written for the
hydration and interaction energy analyses, and NAMD software was used for energy
calculations [7].

The results indicate stronger interaction energy with the increasing water contacts for
some polymorph groups and the reversed case for the other polymorph groups. Further
structural analysis will reveal the molecular bases of such a behaviour. In all the
structures, electrostatic energy is stronger than van der Waals energy and it follows the
trend of the total interaction energy.

[1]R.S. Jacob et al., Biomaterials, 54 (2015) 97-105.

[2] HM. Berman et al., Nucleic Acids Res., 28(1) (2000) 235-242.

[3] L. Stankovi¢, M.B. Hall, S.D. Zari¢, Trans. Internet Res., 13 (2017).

[4] A.D. Mackerell Jr et al., J Phys Chem B, 102 (1998) 3586-3616.

[5]T. Darden, D. York, L. Pedersen, J Chem Phys, 98 (1993) 10089-10092.
[6] N. Michaud-Agrawal et al., Comput. Chem., 32 (2011) 2319-2327.
[717J.C. Philips et al., J Comput Chem, 26 (2005) 1781-1802.
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VYV KemOpuukoj 6a3u CTPYKTYpHHX NOJAaTaka NapajelnHd KOHTakTH 4uHe 59,4%
koHTakara nzmely Cg-apOMaTHYHUX PCTEHOBA H IECTOWIAHUX MPCTEHOBA (POPMHUPAHIX
BOJOHMYHOM BE30M IIOTIIOMOTHYTOM pE30HAHIMjOM. PacTojama y KpUCTaTHUM
CTpyKTypama u3Mel)y mapanenHux paBHH OBHX IMPCTEHOBA OJArOBapajy pacTojambuMa
KapaKTepUCTHYHMM 3a CTEKHHT uHTepaxiyje (3,0-4,0 A).

KBaHTHOXEMHUjCKH TPOPAUYyHH CHEPryja HHTEPAKIMje HA MOJEI-CUCTEMHUMa, KOjH CY
3aCHOBaHH HAa YYECTAIOCTH y KpPUCTAHUM CTPYKTypama, MOKa3yjy Oa ce CHepruje
HajcTaOMIHUjUX MHTEpaklyja Hajasze y omcery ox —3,2 nmo —3,5 kcal/mol. Ose
UHTEpaKLyje Cy HeITo cnaduje of MelycoOHMX MHTEepaKlija IECTOWIAHUX MPCTEHOBA
(hopMHpaHUX BOJOHUYHOM BE30M IOTIIOMOTHYTOM pe3oHaHuujom (—4,7 kcal/mol) [1],
Meh)ycoOHuX nHTepakiyja 3acnhieHNX MeTOWIaHUX MTPCTEHOBA (POPMHUPAHUX BOJOHUYHOM
Be3oM (—4,9 kcal/mol) [2], ka0 u uWHTepakija 3acMNCHUX TMETOWIAHUX MPCTEHOBA
(dbopmupannx BomoHMYHOM Be3oM U Cg-apomaTnuHux npcreHoBa (—4,4 kcal/mol) [3].
Wnak, oHe Cy JOBOJGHO jake Aa OW Morie OWTH BpJIO KOPHCHE y IH3ajHHPAIbY
KPHCTAIHUX CTPYKTYpA.

Cruxka. [Tpumep kpucrainne cTpykrype u3 KemOpuuke 6a3e CTpyKTYpHUX MOJATaka y
K0jOj moCcTOju KOHTaKT u3Mel)y Cg-apoMaTHYHUX MPCTEHOBA W IIECTOWIAHUX IPCTEHOBA
(hopMHIpaHUX BOIOHHYHOM BE30M IIOTIIOMOTHYTOM PE30HAHIIH]jOM

[1] JII. Bnarojeeuh ®umunosuh, M.B. Hall, C.JI. 3apuh, Stacking interactions of
resonance-assisted hydrogen-bridged rings. A systematic study of crystal structures and
quantum chemical calculations, mocnaro

[2] J.P. Blagojevi¢, S.D. Zari¢, ChemCommun, 51 (2015) 12989—-12991.

[3] J.P. Blagojevi¢, D.Z. Veljkovi¢, S.D. Zari¢, CrystEngComm, 19 (2017) 40—46.
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Parallel contacts form 59.4% of contacts between Cs-aromatic rings and six-
membered resonance-assisted hydrogen-bridged rings found in Cambridge Structural
Database. Distances between parallel planes of these rings in crystal structures corre-
spond to distances typical for stacking interactions (3.0—4.0 A).

Quantum chemical calculations of interaction energies, performed on model systems
based on abundance in crystal structures, show that the stongest interactions are in the
range between —3.2 kcal/mol and —3.5 kcal/mol. These interactions are somewhat weaker
than mutual interactions between six-membered resonance-assisted hydrogen-bridged
rings (4.7 kcal/mol) [1], mutual interactions of saturated five-membered hydrogen-
bridged rings (—4.9 kcal/mol) [2], as well as the interations between saturated five-
membered hydrogen-bridged rings and Cg-aromatic rings (—4.4 kcal/mol) [3]. However,
they are strong enough to be possibly very useful in crystal engineering.

Figure. An example of a crystal structure form Cambridge Structural Database where
there is a contact between a Cg-aromatic ring and a six-membered resonance-assisted
hydrogen-bridged ring

[1] J.P. Blagojevi¢ Filipovi¢, M. B. Hall, S. D. Zari¢, Stacking interactions of resonance-
assisted hydrogen-bridged rings. A systematic study of crystal structures and quantum
chemical calculations, submitted

[2]J.P. Blagojevi¢, S.D. Zari¢, ChemCommun, 51 (2015) 12989—-12991.

[3] J.P. Blagojevié¢, D.Z. Veljkovié, S.D. Zarié, CrystEngComm, 19 (2017) 40-46.
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HexoBaneHTHe MHTEpaKIMje apOMaTHYHUX MPCTEHOBA Ka0 apOMATHYHO/apOMaTHYHE
WHTEpaKIMje Wrpajy BaXHy YJIOTY Y XEMHJCKAM ¥ OHOXEMHjCKHM TMpOIECHMA.
ApoMaTuyHe WHTepaKiyje Cy INaBHa cTabwiunryha cuiia y HyKJIEHHCKUM KUCEInHama,
JOMahHMH-TOCT CHCTEMHMA U CTPYKTypama y YBPCTOM CTamby.

Osne cmo mperpaxuBanu KemOpuuky 6a3y CTpyKTYpHHX IIOJaTaka Kako OHCMO
IIPOHAIILTH CTEKHHI MHTEpaKIyje quMepa OeH3eHa, p-¢eHona u TomyeHa. [Topen oBora,
U3padyHAIN CMO CHEPrujy MHTepakuuje auMepa (eHoNa U TOIXyeHa M YHOPEeIWIH ca
JuMeprMa OCH3eHa KOjU Cy IPEIXOAHO U3padyHaTu. Pe3ynTatu cy mokasaau Ja CTEKUHT
p-deHon/p-peHon quMepa Texke a 3ay3Me NapajelTHy HIN aHTHIAPANICIHY OpUjeHTalujy
JOK CTGKMHI TOJNYEH/TOIyeH IHUMepa HMa CKOpO MCKJbYYUBO aHTHUNAPANICITHY
opujenTanujy. Kao u xon mosiekyna GeHseHa, Opoj uHTepakiuja 3a p-penoin/p-penon u
TONyeH/TONyeH [uMepe pacTe Ha BenukuM o¢cetuma (4,0-6,0 A). JlomatHo,
WHTepaKIHje p-heHo/p-heHoT 1 TOTyeH/TONyeH IUMepa MoKasyjy ik Ha odeery 1,5 A.
IoTeHmMjaTHa TOBPI 32 CTEKHT HHTEPaKIHje 3a (HeHOI-(PEHOT U TOTYESH-TOIYEH TUMepe
je u3pauyHaTa, yKJby4yjyhH M WHTEpaKildje Ha BEJIUKAM odceTrMa. Tpu paziuduTe
reoMeTpHje 3a MapaliellHe W aHTHHapajenHe (GeHoI-(PEeHOT U TONYyEeH-TOIyeH JUMepe Cy
y3€Te y pa3Marpame.

J®T npopauyHu Cy TMOKa3ald Jda CHEprHje HWTepakiuja 3a ¢eHon/dpeHon u
TOJyeH/TOJIyeH IHMMepe HMajy CIM4YHEe TPEeHJOBE. 3a ImapajielHe OpHjeHTaluje Ha
HEraTHBHUM M TO3MTHBHMM O(CEeTHMMa Hajjaya MHTEpakiuja je 3a Apue). 3a
aHTUIAapaJle]IHe OpHjeHTalllje, Ha HEraTUBHUM O(CceTHMa Hajjaya eHepruja MHTepaKiyje
je 3a Aypa) OpPHjeHTalH]y, TOK Ha MO3UTHBHUM odceTuMa Byy.:) IMa Hajjauy eHeprujy
unrepakuuje. Oba cucrema p-peHosn/p-PpeHos U ToIyeH/TONyeH, ToKa3yjy TeHICHIINjY Ka
BermkuM ofeetuma (4,0-6,0 A) 1 rie je enepruja uHTEpaKiMje jol yBek 3Ha4ajHa, Kao U
y cily4ajy MoJiekysa OeH3eHa.
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Non-covalent interactions of aromatic rings as aromatic/aromatic interactions play
important role in many chemical and biochemical processes. Aromatic interactions are
major stabilizing force in nucleic acid, proteins, host-guest systems and solid-state struc-
tures.

Here, we searched the Cambridge Structural Database to find interactions of stacking
benzene, p-phenol and toluene dimers. Beside this, we calculated interaction energies of
phenol and toluene dimers and compared with benzene dimers previously calculated. The
results have shown that stacking p-phenol/p-phenol dimer tends to be orientated in paral-
lel and antiparallel fashion while stacking toluene/toluene dimers have almost exclusively
antiparallel orientation of two rings. As for benzene molecules, number of interactions for
stacking p-phenol/p-phenol and toluene/toluene dimers is increasing at the large offsets
(4.0-6.0 A). Additionally, interactions of p-phenol/p-phenol and toluene/toluene dimers
show peak at offset 1.5 A. The potential surfaces of stacking interactions of phenol-
phenol and toluene-toluene were investigated, including interactions at large offsets.
Three different geometries of parallel and antiparallel phenol-phenol and toluene-toluene
dimers were considered.

The DFT calculations have shown that the interaction energies for phenol/phenol and
toluene/toluene dimers have similar trends. For parallel orientations at negative and posi-
tive offsets the strongest interaction energy was for A,.). For antiparallel orientations, at
negative offsets, the strongest interaction energy has A, orientation, while at positive
offset By has the strongest interaction. Both systems phenol/phenol and tolu-
ene/toluene, show preference for large offsets (4.0-6.0 A) and have significant interaction
energy as benzene molecules.
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