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IMMOBILIZATION OF THE ANTITUMOR
ACTIVE COMPOUNDS INTO SBA-15

G. N. Kaluderovié

Department of Engineering and Natural Sciences, University of Applied Sciences Merseburg,
Eberhard-Leibnitz-Straffe 2, 06217 Merseburg, Germany
e-mail: goran.kaluderovic@hs-merseburg.de

Cisplatin, conventional therapeutic, is one of the most effective and commonly used agents in
treatment of various types of cancers [1]. Undesirably, beneficial effects of cisplatin are followed
by severe toxicity and/or by spontaneous or acquired resistance [2].

Silica-based materials are already highly promising candidates in several fields of medicine, but in
cancer therapy there have been relatively few investigations [2]. These nontoxic materials have
large external surfaces and porous cores, and may be functionalized with small molecules and used
as drug carriers. The rationale of loading of highly active anticancer compounds into particles lie
in the following: prevention of hydrolysis and accumulation in the healthy tissues/organs,
tailorable drug release, as well as local application in tumor tissues in high doses. SBA-15 or its
functionalized forms have a great impact on the mechanism of action of metal-based (e.g.
cisplatin, ruthenium(ll), organotin(IVV) compounds) or natural occurring compounds (e.g. emodin)
[3-9] (Figure 1).

Figure 1. Overview of some SBA-15 particles loaded with various metal-based and natural
occurring compounds.

For instance, SBA-15 loaded with cisplatin induced senescence in survived clones of B16F10
mouse melanoma cells [3]. Outstandingly, SBA-15 boosted in vivo activity of cisplatin in
melanoma C57BI6 mice model and diminished side effects of cisplatin [4].
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SBA-15 grafted with PhsSn(CH,)sOH triggers apoptosis in B16 cells followed by the development
of a nonproliferative melanocyte-like phenotype of surviving cells [5]. Moreover, same
nanomaterial almost completely abolished tumor progression in vivo in melanoma syngeneic
C57BL/6 mouse model without visible side effects. PhsSn(CH,);OH loaded into SBA-15 reduces
metastatic potential of highly invasive serous ovarian carcinoma A2780 cells [6]. Importantly,
functionalization of SBA-15 has an influence on the mode of action and differentiation inducing
properties [7]. SBA-15 potentiates action of [Ru(n®-p-cymene)Cl{Ph,P(CH,)sSPh-xP}] and
emodin against B16 cells [8,9]. These approaches present a safer mode in tumor treatment
compared to induced apoptosis alone. Superiority from the classical metal-based drugs reflects not
only in reducing tumor volume without signs of toxicity but, more importantly, they are inducing
differentiations of the tumor cells to the normal phenotype.
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(1,3-TUA3O0JIUJ/CEJEHA30MJI-2-UJI)XUJIPA3OHU U lBbUXOBU
KOMILVIEKCH: O] CTPYKTYPE 10 HOTEHIIUJAJIHE IIPUMEHE

Henax ®uaunosuh

Kameopa 3a xemujy u 6uoxemujy, Yuusepszumem y beoepady — Ilomonpuspednu ¢axyimem,
Hemarvuna 6, bFeoepao — 3emyn, Cpouja
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1,3-Tuazosncku mpcTeH je q00po mo3Hata (apmakodopa y MEAUIIMHCKO] XEMHUJjH.
CactaBHH je €0 MHOTHX OHMOJIOIIKM aKTUBHHMX MOJIEKYJia Kao IITO Cy BUTaMuH b1, cyndaruazon
(aHTUMUKPOOHM JIeK), PHUTOHABHp (aHTHPETPOBUPYCHU JieK), abadyHrMH M paBYKOHA30J
(auTudyHranHu JTEKOBH), OICOMHUINH, THA30QYPHH M MacaTUHUO (AHTHHEOIUIACTHYHH JIEKOBH),
HUTa30KcaHu (aHTumapasutHu Jek) uth. (1,3-Twazommi-2-wn) xuapasonn (TX) cy nepuBarm
THa30J1a KOju Cy mokaszanu oOchaBajyhly OHOJNOINIKY akTHBHOCT, YKJbYUyjyhHu aHTHKaHIEpOTEHY,
AQHTUMHMKPOOHY W aHTHIApa3UTCKy akKTHBHOCT. TX HMHXHOMpajy pasiIWduTe €H3MME KOjU Cy
Iperno3HaTH Kao TJaBHE MeTe Koj aujabereca Tmma 2 (o-aMmiaza H  O-TIIyKO3WMZIa3a),
HeypoJereHepaTuBHUX mopemehaja (MoHoamHHOOKcHIa3a A/b m aneTnnxonmHecTepasa) H
KaHIepa (TKMBHO HecmenudpuuHa ajgkanHa Qocdarasa, MHTECTHHAIHA ankaiHa ¢ocdarasza, [-
TIyKypoOHHa3a M eKTo-5'-Hykieoruaaza). C apyre crpaHe, HHUXOBH celeHCku anano3u (1,3-
cenenaszomi-2-mwi) xuapazonn (CX) cy mame uctpaxenu [1].

TX n CX U BHUXOBU KOMIUIEKCH MeTaja Cy MOCIEAmHUX TOJMHA MPEAMET OICENKHHUX
cryavja y Hamoj rpynu [1-5]. OcuM OHWONOIIKE AaKTUBHOCTH, HENABHO CMO 3aloyvesu
UCTpa)kKMBambha y Be3u ca MoryhoMm mpuMeHoMm Komiuiekca merana TX kao ¢oTokaraiuzaropa H
¢oronymuHecneHTHIX Martepujaina. OBa mpeseHTanuja he natm mperyiex Hamier pajga y OBOj
o0acTu ca KpucTanorpadckor, GU3NIKO-XEMHjCKOT U OMOIIONIKOT CTAHOBHIIITA.
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(1,3-THIAZOLYL/SELENAZOYL-2-YL)HYDRAZONES AND THEIR
COMPLEXES: FROM STRUCTURE TO POTENTIAL APPLICATION

Nenad Filipovi¢

Department of Chemistry and Biochemistry, Universtity of Belgrade — Faculty of Agriculture,
Nemanjina 6, Belgrade — Zemun, Serbia
e-mail: nenadf@agrif.bg.ac.rs

1,3-Thiazole ring is well established pharmacophore in medicinal chemistry. It can be found
in many biologically active molecules such as vitamin B1, sulfathiazol (antimicrobial drug), ri-
tonavir (antiretroviral drug), abafungin and ravuconazole (antifungal drugs), bleomycin, tiazofurin
and dasatinib (antineoplastic drugs), nitazoxanide (antiparasitic agent) etc. (1,3-Thiazolyl-2-
yl)hydrazones (THSs) are thiazole derivatives which showed promising biological activities includ-
ing anticancer, antimicrobial, and antiparasitic. THs inhibit various enzymes which are recognized
as type-2 diabetes mellitus (a-amylase and a-glucosidase), neurodegenerative disorders (monoam-
ine oxidase A/B and acetylcholinesterase) and cancer (tissue-nonspecific alkaline phosphatase,
intestinal alkaline phosphatase, B-glucuronidase, and ecto-5’-nucleotidase) related targets. On the
other hand, their selenium analogues (1,3-selenazoyl-2-yl)hydrazones (SHs) have been investigat-
ed in lesser extent [1].

THs and SHs and their metal complexes are the subject of extensive studies in our group in
recent years [1-5]. Besides biological activity, recently we have started investigations regarding
the potential application of THs metal complexes as photocatalists and photoluminescent materi-
als. This presentation will give an overview of our work in this field from the crystallographic,
physico-chemical, and biological point of view.
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[2] H. Elshaflu, T. Todorovi¢, M. Nikoli¢, A. Loli¢, A. Visnjevac, S. Hagenow, J. M. Padron, A.
T. Garcia-Sosa, |. Pordevié, S. Grubisi¢, H. Stark, Nenad Filipovié, Frontiers in Chemistry, 6
(2018) 247.

[3] A. Borges, M. Simdes, T. R. Todorovi¢, N. R. Filipovi¢, A. T. Garcia-Sosa, Molecules, 23
(2018) 1385.

[4] N. R. Filipovi¢, H. Elshaflu, S. Grubi$i¢, Lj. S. Jovanovi¢, M. Rodi¢, 1. Novakovi¢, A.
Malesevi¢, 1. S. DPordevi¢, H. Li, N. gojié, A. Marinkovi¢, T. R. Todorovi¢, Dalton
Transactions, 46 (2017) 2910-2924.

[5] H. Elshaflu, S. Bjelogrli¢, C. D. Muller, T. R. Todorovi¢, M. Rodi¢, A. Marinkovi¢, N. R.
Filipovi¢, Journal of Coordination Chemistry, 69 (2016) 3354—3366.



XXVII Kondepenmuja Cprickor kpuctangorpadckor ApymTsa

IMINOPYRROLYL-NICKEL AND BORON COMPLEXES:
STRUCTURE-PROPERTY RELATIONSHIP ANALYSIS AND
APPLICATIONS IN LUMINESCENCE AND CATALYSIS

C.S. B. Gomes abec

2 LAQV-REQUIMTE, Department of Chemistry, NOVA School of Science and Technolo-gy, Uni-
versidade Nova de Lisboa, 2829-516 Caparica, Portugal;

b Associate Laboratory i4HB - Institute for Health and Bioeconomy, School of Science and Tech-
nology, NOVA University Lisbon, 2819-516 Caparica, Portugal

¢UCIBIO — Applied Molecular Biosciences Unit, Department of Chemistry, School of Science and
Technology, NOVA University Lishon, 2819-516 Caparica, Portugal

e-mail: clara.gomes@fct.unl.pt

N,N’-chelating ligands of the type 2-iminopyrrolyl are of great interest in the areas of organometal-
lic and coordination chemistry because of their high versatility and tunability. Over the years,
complexes bearing these ligands have been mainly used as polymeri-zation catalysts. The devel-
opments in olefin polymerization catalyzed by late transition metal complexes as homogeneous
catalytic systems led to new polyolefin materials with novel characteristics [1]. In this context,
hyperbranched polyethylenes have unique chain architectures that confer distinctive physical
properties (e.g. low viscosity, good solubili-ty), which could be used in specialty applications such
as lubricants [2]. We have been developing Ni(ll) complexes with bulky 2-iminopyrrolyl ligands
to be applied as alu-minium-free catalysts in the polymerization of ethylene [3]. The catalytic tests
per-formed revealed the PE products obtained are highly branched, exhibiting up to 160-170
branches/1000C, which are values higher than the ones reported for similar systems [4]. On the
other hand, luminescent organoboron compounds are efficient emitters for Organic Light-Emitting
Diode (OLED) applications (e.g. flat panel displays, lighting, etc.), and tetracoordinate mononu-
clear boron compounds containing chelating N,O-, N,N- and N,C- chromophores are one such
family of emitters [5]. Variations on the chromophore part of the molecule influences the HOMO-
LUMO energies and thereby the color of emission. The iminopyrrole ligand precursors are one
such synthons where the electronic and steric nature can be fine-tuned easily. Taking this into
account, a series of B(l1l) derivatives have been prepared using different strategic approaches [6].
The ligand precursors are non-emissive while most of their boron complexes are highly fluo-
rescent. DFT and TD-DFT calculations were performed in order to rationalize the ob-tained re-
sults.

M = NI, B

R =aryl, alkyl

R =H, aryl
Hyperbranched PE
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Herein, a structure-property relationship analysis of these Ni(ll) and B(l1l) systems, and the results
obtained on their application as homogeneous polymerization catalyst and in the fabrication of
OLEDs will be presented and discussed.

Acknowledgements: We thank Fundagdo para a Ciéncia e Tecnologia for financial support (Pro-
jects PTDC/QUI-QIN/31585/2017, UIDB/00100/2020 and UIDP/00100/2020, UIDB/50006/2020
and UIDP/50006/2020, UIDB/04378/2020 and UIDP/04378/2020).
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SAMOORGANIZACIJA PAKOVANJA DIPOL-JON PIRIDONA PREKO
MOLEKULA VODE

A. Ma3ulovi¢ 2, J. Ladarevi¢ °, L. Radovanovi¢ 2, K. Gak Simi¢ 2, N. Trifovi¢ ®, J. Rogan °, D.
Mijin ®

qnovacioni centar Tehnolosko-metalurskog fakulteta, Univerzitet u Beogradu, Karnegijeva 4,
Beograd, Srbija "Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, Beograd,
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PaZnja farmaceutske industrije u velikoj meri usmerena je na razumevanje sposobnosti
molekula vode da se inkorporiraju u kristalno pakovanje organskih molekula uspostavljanjem
razli¢itih nekovalentnih intermolekulskih interakcija [1]. 2-Piridon je gradivna jedinica mnogih
supstanci  koje poseduju antibakterijsku, antifungalnu, antiinflamatornu, antiviralnu i
antikancerogenu aktivnost [2]. U ovom radu, dva piridona, koja sadrze metil supstituisano

R, piridinsko jezgro u polozajima 2,4 (2) i 3,5 (3) i
Rs compound R, R, R, R, J€dan piridon sa nesupstituisanim (1) piridinskim
1 w n o-u - jezgrom  (slika), sintetisani su  Guaresi-
2 -H -cH; H -CH;  Torpeovom reakcijom kondenzacije. Jedinjenja
07 SN g 3 <H; -0-Ci - g okarakterisana  rendgenskom - strukturnom
. analizom kao i odredivanjem tacke topljenja,
UV-Vis, FT-IR, H i *C NMR spektroskopijom.
Asimetriéne jedinice jedinjenja 1-2H20 i 3-2H20
sastoje se od jednog molekula piridona i dva molekula vode, dok se u asimetri¢noj jedinici
jedinjenja 2-4H.0 nalaze &etiri molekula vode. Inverzno orijentisani molekuli uspostavljaju N—
H---O vodoniéne veze i na taj na¢in obrazuju R3(8) sintone. Tipovi vodenih kanala u supramo-
lekulskoj arhitekturi zavise od prirode interakcija izmedu dipol-jona. Dipol-dipol interakcije, jake i
slabe vodoniéne veze, 7*--w i C-H- -z interakcije, odreduju pakovanje ovih molekula, pri ¢emu
molekuli vode imaju znacajnu ulogu.
Kristalografski podaci: 1-2H20: C11H14N204, M, = 238,24, triklini¢an sistem, prostorna grupa P1,
a= 7,2258(14), b= 8,0470(16), c= 11,287(2) A, a= 70,71(3), p= 74,88(3), y = 79,85(3)°,
V =595/1(2) A3, Ry = 0,0492; 2:4H20: Ci3H2N206, M, = 302,32, triklini¢an sistem, prostorna
grupa P1, a= 7,4411(15), b= 10581(2), c= 11,235(2) A, a= 108,96(3), f= 96,14(3),
y =107,41(3)°, V =777,6(3) A%, Ri = 0,0443; 3-2H20: Ci3H1gN204, My = 266,29, triklini¢an
sistem, prostorna grupa P1, a= 7,5951(8), b = 9,0353(8), ¢ = 11,5716(10) A, o = 82,878(7), f =
72,010(8), y = 71,919(9)°, V = 717,62(13) A%, Ry = 0,0522.

R
CH, ™7
v

R 2 R4

Slika. Strukturna formula dipol-jona 1, 2 i 3.

[1] J. van de Streek, J. Rantanen, A. D. Bond, Acta Crystallographica, C69 (2013) 1229-1233.
[2] I. Khan, P. Panini, S. Ud-Din Khan, U. Ali Rana, H. Andleeb, D. Chopra, S. Hameed, J. Simp-
son, Crystal Growth and Design, 16 (2016) 1371-1386.

10



27" Conference of the Serbian Crystallographic Society

WATER ASSISTED ASSEMBLY OF PYRIDONE ZWITTERIONS

A. Ma3ulovi¢ 2, J. Ladarevi¢ °, L. Radovanovié¢ 2, K. Gak Simi¢ 2, N. Trifovi¢ ®, J. Rogan °, D.
Mijin ®

8nnovation Centre of the Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, Belgrade, Serbia; "Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, Belgrade, Serbia
e-mail: amasulovic@tmf.bg.ac.rs

The attention of pharmaceutical industry is set on understanding the ability of water molecules
to accompany organic crystals through interplay of various non-covalent intermolecular interac-

R, tions [1]. 2-Pyridone is found as a structural
R R; unit in many compounds with antibacterial,
CHLINF * Compound R R, R; R . .. .o
S ot ™ antifungal, anti-inflammatory, antiviral or
SN ; e ow anticancer activity [2]. In this paper, two
. N ’ " pyridone derivatives bearing methyl substit-
-CH; -H -CH; -H

uents in the pyridine unit in positions 2,4 (2)
H and 3,5 (3) were synthesized via the Gua-
Figure. Structural formula of zwitterions 1, 2 and 3.  reschi-Thorpe condensation as well as one
pyridone without substituents (1) in the
pyridine scaffold (Figure). These compounds were characterized by single-crystal X-ray analysis
as well as determination of the melting points, UV-Vis, FTIR, *H and **C NMR spectroscopy. The
asymmetric units of compounds 1-2H20 and 3-2H20 are comprised of one pyridone molecule and
two water molecules, whereas the asymmetric unit of compound 2-4H20O incorporates four water
molecules. Pairs of N-H---O hydrogen bonds connect inversion related molecules into the &3 (8)
synthons in the supramolecular architectures. The type of water channel depends on the nature of
interactions established between zwitterions. Molecular packing is governed by dipole-dipole
interactions, strong and weak hydrogen bonds, z—z and C-H: -z interactions, wherein water mole-
cules play a significant role.
Crystal data: 1-:2H20: CuHiN,Os, M,= 238.24, triclinic, space group P 1 ,
a= 7.2258(14), b= 8.0470(16), c= 11.287(2) A, a= 70.71(3), = 74.88(3), y = 79.85(3)°,
V =595.1(2) A3, Ry = 0.0492; 2-4H20: C13H22N,06, M, = 302.32, triclinic, space group P1, a=
7.4411(15), b= 10.581(2), c= 11.235(2) A, a= 108.96(3),
p= 96.14(3), y=107.41(3)°, V=777.6(3) A% R: = 0.0443; 3:2H.0: Ci3H1sNOy,
M, = 266.29, triclinic, space group P1, a= 7.5951(8), b = 9.0353(8), ¢ = 11.5716(10) A, a =
82.878(7), f = 72.010(8), y = 71.919(9)°, V = 717.62(13) A3, Ry = 0.0522.

[1] J. van de Streek, J. Rantanen, A. D. Bond, Acta Crystallographica, C69 (2013) 1229-1233.

[2] I. Khan, P. Panini, S. Ud-Din Khan, U. Ali Rana, H. Andleeb, D. Chopra, S. Hameed, J. Simp-
son, Crystal Growth and Design, 16 (2016) 1371-1386.

11



XXVII Kongepenmmja Cprckor KprucTaaorpadcKor ApyIITBa

OJIIYOPOBABE AIMGPATHYHUX JEJJUBEIBA. IOKPETAYKA
CMJIA Y KPUCTAJIHUM CTPYKTYPAMA

AJjekcanapa Pakuh,® Mapuja Ilerkosuh Benazzouz,” Hemama Tpumosuh,® Topan Jamuh®
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Fhezowesa 12, 11000 beoepao, Cpouja;

e-mail: saska@ffh.bg.ac.rs

dnyopoBame jenumermha mosehaBa MpPOTOH-aKIENTOPCKA CBOjCTBA, Al HCTOBPEMEHO CMambyje
MPOTOH-TOHOPCKA CBOjCTBA anu(paTUUHUX YIIbOBOJOHUYHKX rpyma [1].

Ha ocHOBY aHamu3e KpHCTAIHHX CTPYKTypa Ipey3etnx u3 KemOpuuke 0Oase
kpuctanorpadckux mnomaraka (CSD) mnokazano je ma ce amuprtuane C—H-F Bogonuune Bese
u3/Bajajy Kao HajOpojHuje uHTepakimje ¢uyopoBanux aimuparnunux rpyna (43397 crykrypa).
Hanexo ucnon (23050 ctpykrypa), Ha Apyrom mecty cy F~F uuTepakuuje. Yo4€wsHBO je aa cy
BpenHoctu F-F pactojama (d mapamerap) mperexso usHan 2,9 A. MehyTtum, He mocToju jacHo
u3pakeHa TeHJeHIHja npema oapelenoj Bpeanoctu d mapamerpa (Ciuka 1). [Tomrro ce 3a Hajsehu
0poj cTpykTypa BpeaHoctd TopsuoHor yria C-F-X-Y (T napamerap) kpehy usmehy 160 u 180°
(Cnuka 1), Mmoske ce 3aksbyunTn Jga uHTeparyjyhe C—F u X—Y rpyne melyco6HO 3ay3umajy trans
OpHjeHTalLH]y.

[Mpwukom koopauHanuje anudatuuHux (uyopuaa, HEraTHMBHH MOTeHIMjan F aroma pacre.
Tako ce mocremryje NPOTOH-aKIENTOPCKU Kapaktep ¢uyopoBor aroma (jasame C—H/F
unrepakiuja). C apyre crpane, F~F uHTepakiuje 3HayajHo ciaabe ycien jadama OJ00jHUX CHia
Mehy F atomuma.
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[1] G.V. Janji¢, S.T. Jeli¢, N.P. TriSovi¢, D.M. Popovi¢, 1.S. Pordevi¢, M.K. Mil¢i¢, Crystal
Growth & Design, 20 (2020) 2943-2951.
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FLUORINATION OF ALIPHATIC COMPOUNDS. DRIVING FORCE IN
CRYSTAL STRUCTURES
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Fluorination of compounds causes an increase in the proton-donating and a decrease in the
proton-accepting ability of aliphatic groups bound to flurine atom [1].

Statistical analysis of crystal structures from CSD (Crystallographic database) has shown the
F-F contacts are the second group of interactions (23050 structures), immediately after the
hydrogen bonds (43397 structures), that are mainly of aliphatic C—H~F type. There is no clear
tendency of F~F contacts toward some certain values of d parameter (Figure 1), but it is possible to
notice noticeable clear tendency of numerous structures to d values greater than 2.9 A. There is a
pronounced maximum in the range of torsion angle T from 160 to 180° (Figures 1), corresponding
to trans orientation of interacting C—F and X-Y fragments.

Coordination of aliphatic fluorides leads to an increase of the negative potential of the F atoms,
and, therefore, an increase in the hydrogen bonding acceptor ability (strengthening of C—H/F
interactions) and a weakening of the F/F interactions, due to an increase in repulsive interactions
between the F atoms

The negative potential of the F atoms of aliphatic fluorides increases by its coordinatation
(Figure 1). This also leads to increase in the hydrogen bonding acceptor ability (strengthening of
C-H-F interactions) and a weakening of the F-F interactions, due to an increase in repulsive
interactions between the F atoms.

4018 35239

I:L\/\ “““““
> s 131
g e 1 fﬂ]ﬂiﬂﬂ[ﬂ
Aok tis 8503 LB
d(A) T(°)
. 4 Y
PN J.\¢;_ 24 tﬁ'
A ;:( Ry : “~
i )( KOopAVHOBaIEE }ﬂ v KoopAuHOBatbe
g =K
L A E>
-3.00 kcal/mol - f&?’
-6.81 kcal/mol -0.54 kcal/mol

+2.07 keal/mol

[1] G.V. Janji¢, S.T. Jeli¢, N.P. TriSovi¢, D.M. Popovié¢, 1.S. Pordevi¢, M.K. Mil¢i¢, Crystal
Growth & Design, 20 (2020) 2943-2951.
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W3pa3suto MO3MTHBHE BpPEIHOCTH MOJICKYJICKOT —eJleKTpocTaThikor noteHuujama (MEP) y
LUCHTPAIHUM perujamMa BHCOKOeHeprerckux Mojekyna (HEM) mnpencraBmajy jeman on
HajBaXHUjUX (haKTOpa KOjU yTHUUYE HAa OCET/HMBOCT OBHX MOJIeKysa ka neroHanuju [1,2]. Beoma
MO3UTHBHE BPEIHOCTH EJEKTPOCTATHYKOI IMOTEHLHWjala Cy WHIUKATOP BHCOKE OCETJHUBOCTH
€HEepreTCKUX MOJIEKYJIa Y OJJHOCY Ha MEXaHHYKH yiap.

VY oBoM paxy cy kopuinheHr MpopadyyHu 3aCHOBaHM Ha Teopuju ¢yHkimoHamta rycrune (DFT) na
01 ce pacBeTIIMO yTUIId] HEKOBAJICHTHUX MHTEPAKLUja Y KPUCTAIHIM CTPYKTypama eKCIUIO3HMBa Ha
BPEIHOCTH €JIEKTPOCTATUYKOT TOTEHIMjalla 0AadpaHuX HUTPOApOMATHUHUX MoJiekyna. [la ou ce
NpPOYYHO YTHIA] HEKOBAJICHTHOT BE3MBama Ha EJICKTPOCTATHYKE MNOTEHIHWjaje WCIHUTHBAHHX
MOJICKYJIa, IPUMEPH HUTPOAPOMATHYHUX jSANbEHA Y KOjIMA ITOCTOjU BONOHUYHA /UM XaJOreHa
Be3a U3IBOjeHH ¢y u3 KeMOpHuke 0a3e CTpyKTypHHUX MOJaTaKa.

Pesynratu mpopauyna paljenux na MO06/cc-PVDZ uuBoy mokazanu Cy Ja MOCTOje 3HAYajHE
pasiMKe y YTHIAjy BOJOHHYHOI Be3MBamba Ha CJIEKTPOCTATHYKE IOTEHIMjalle EHEePreTCKHX
MOJISKyJIa Y 3aBHCHOCTH OJ TOTa Ja JHM CHEPreTCKH MOJIEKYIM HIpajy yJOry IOHOpa WIIH
aKIEenTopa BOJOHUKA. Y ciydajy Mojekyna 2,4,6-tpunutpodenona (kpucraina crpykrypa KO-
DYIM) koju HCTOBPEMEHO y4ecTByje y BOJOHHYHOM BesuBamy kao akmenrtop (O-H...O-N
unrepakiuja) W goHop (O-H...O wuHTepakumja) aromMa BOJOHHKA, H3padyyHAaTa BPEIHOCT
eNeKTPOCTATHYKOT TOTEHIMjaNa W3HaJ [eHTpa moBpmimHe mosekyna je 23,44 kcal/mol. Hakon
yKJIathaba MOJIEKYJIa BOJIE M3 OKPY)KErha, BPEJHOCT eNIEKTPOCTATHYKOr MOTEHIIMjaia je rmopacia
Ha 28,13 kcal/mol. Ose pasnmuke y BpemHOCTHMa €IEKTPOCTATHUKOr IOTEHIMjana wu3Mehy
BOJIOHMYHO Be3aHUX u cnobogunx HEM monekyna npyskajy MoryhHOCT KOHTpOJIE OCETJEMBOCTH
Ka JICTOHAIM]H OBUX BUCOKOCHEPTETCKUX jeTHIEHHA.

UctpaxuBame crposeneHo y3 mnoapiiky Ponma 3a Hayky Pemybmmke Cpb6uje, [TPOMUC,
#6066886, CD-HEM. MununcrapcTBo mpocBeTe, HayKe W TEXHOJOIIKOr pa3Boja PemyOimke
Cpbuje, EBunenumonun Opoj: 451-03-9/2021-14/200168, 451-03-9/2021-14/200288 u 451-03-
68/2021-14/200026.

[1] B. M. Rice, J. J. Hare, J. Phys. Chem. A 106 (2002) 1770-1783.
[2] P. Palitzer, J. S. Murray, Propellants Explos. Pyrotech. 41 (2016) 414-425.
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Strongly positive values of Molecular Electrostatic Potential (MEP) in the central regions of the
high energetic molecules (HEM) is one of the most important factors that affects the sensitivity of
these molecules towards detonation [1,2]. Strong positive potential in the center of molecular sur-
face is an indicator of high impact sensitivity of HEM molecule.

In this work, Density Functional Theory (DFT) calculations were used to reveal the influence of
noncovalent interactions in crystal structures on the values of electrostatic potential above the
central areas of selected nitroaromatic molecules. To examine the influence of noncovalent inter-
actions on the electrostatic potential of HEM molecules in crystal structures, examples of hydro-
gen-bonded and halogen-bonded nitroaromatic molecules were searched in Cambridge Structural
Database. Calculations were also done on model systems.

Results of the calculations performed using the M06/cc-PVDZ level of theory showed that there
are significant differences in the influence of hydrogen bonding on the electrostatic potential of
energetic molecules acting as hydrogen atom donors and hydrogen atom acceptors. In the case of
2,4,6-trinitrophenol molecule (extracted from KODYIM crystal structure) involved in hydrogen
bonding as both hydrogen atom acceptor (O-H...O-N interaction) and hydrogen atom donor (O-
H...O interaction) calculated value of electrostatic potential in the central portion of the molecular
surface was 23.44 kcal/mol. After the removal of water molecules which were present in KODY-
IM crystal structure, value of electrostatic potential increased to 28.13 kcal/mol. These differences
in electrostatic potential values for hydrogen-bonded and free HEM molecules give the opportuni-
ty for the control of impact sensitivities of HEM compounds.

This research was supported by the Science Fund of the Republic of Serbia, PROMIS, #6066886,
CD-HEM. This work was supported by the Serbian Ministry of Education, Science and
Technological Development (Contract numbers: 451-03-9/2021-14/200168, 451-03-9/2021-
14/200288 and 451-03-68/2021-14/200026).

[1] B. M. Rice, J. J. Hare, J. Phys. Chem. A 106 (2002) 17701783.
[2] P. Politzer, J. S. Murray, Propellants Explos. Pyrotech. 41 (2016) 414-425.
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KOMPLEKSI PALADIJUMA SA 7-BROMO-HINOLIN-8-OL
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Koriste¢i paladijum(Il)-hlorid i 7-bromo-hinolin-8-ol (HBrQ), pri razli¢itim uslovima
reakcije sintetisana su cCetiri kompleksa kao potencijalni antikancerogeni agensi: [Pd(BrQ):]
(1a,b,c), HoBrQ[PdCIx(BrQ)] (2), (CHs):NH:[PdCI>(BrQ)] (3) and [PACI(BrQ)((CHs)NH)] (4).

Rendgenskom strukturnom analizom 1a,b,c otkriveno je da su molekulske strukture ovih
polimorfa vrlo sli¢ne - BrQ ligandi su bidentatno trans-koordinirani za atom paladijuma preko
atoma kiseonika, nakon deprotonovanja HBrQ hidroksilne grupe iz fenolnog dela i atoma azota iz
piridinskog dela. U supramolekularnoj strukturi sloZzeni molekuli su ipak razli¢ito rasporedeni i
drZe ih razli¢ite medumolekulske sile. Kompleksi 2 i 3 su jonski sa istim [PdCIy(BrQ)]~ anjonom u
kojem su dva hloridna liganda
cis-koordinirana, a preostala dva polozaja oko atoma Pd(II) zauzimaju atomi kiseonika i azota iz
BrQ. Negativna naelektrisanja anjona uravnotezena su razli¢itim kationima, HoBrQ* i (CH3)NH,".
Struktura 2 u rastvoru DMSO je razjaSnjena koris¢enjem jednodimenzionalnih i
dvodimenzionalnih NMR eksperimenata koji su pokazali da se kompleks razlaze do HBrQ
liganda. U 4, molekul dimetilamina je vezan preko atoma azota, pri C¢emu su atomi azota BrQ i
dimetilamina u trans-pozicijama. Cetvrto koordinaciono mesto zauzima hloridni ligand. U svim
kompleksima primecena je kvadratna planarna konfiguracija centralnog atoma Pd(Il) (slika 1).
Kristalne strukture su stabilizovane H-vezama i 7z interakcijama pri ¢emu se Se uocava
formiranje razli¢itih supramolekulskih aranzmana.

®

ceeeced

Slika 1. Strukture kompleksa [Pd(BrQ).] (1la), (CHs):NH[PdCI(BrQ)] (3) and
[PACI(BrQ)((CH3).NH)] (4) (s leva u desno)

Zahvalnica: Ovaj rad je podrzan od strane APVV-18-0016 i VEGA 1/0148/19.
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Using palladium(Il) chloride and 7-bromo-quinolin-8-ol (HBrQ) under altered reaction condi-
tions, four different complexes were prepared as potential anticancer agents: [Pd(BrQ):] (1a,b,c),
H.BrQ[PdCI>(BrQ)] (2), (CHs)2NH2[PdCIx(BrQ)] (3) and [PACI(BrQ)((CHs):NH)] (4). X-ray
structure analysis of la,b,c revealed that the molecular structures of these polymorphs are very
similar - BrQ ligands are bidentately trans-coordinated to the palladium atom by oxygen atom,
after the deprotonation of HBrQ hydroxyl group in the phenolic part, and nitrogen atom of the
pyridine part. Nevertheless, the complex molecules are differently arranged in the supramolecular
structure being held by different intermolecular forces. Complexes 2 and 3 are ionic with the same
[PACI>(BrQ)]™ anion in which two chloride ligands are cis-coordinated while remaining two posi-
tions around the Pd(Il) atom are occupied by oxygen and nitrogen atoms from BrQ. Negative
charges of anions are balanced by different cations, H.BrQ* and (CHs).NH.", respectively. The
structure of 2 in DMSO solution was elucidated using one- and two-dimensional NMR experi-
ments which showed that the complex decomposes to HBrQ ligand. In 4, the dimethylamine mole-
cule is attached via nitrogen atom, wherein the nitrogen atoms of BrQ and of dimethylamine are in
trans-positions. The fourth coordination place is occupied by chloride ligand. In all complexes a
square planar configuration of the central Pd(ll) atom is observed (Figure 1). The structures are
stabilized by H-bonds and 7 interactions while observing the formation of different supramolec-
ular arrangements.

ceessed
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Figure 1. Crystal structures of [Pd(BrQ).] (1a), (CHs):NH,[PdCIx(BrQ)] (3) and
[PACI(BrQ)((CHs)2NH)] (4) (from left to right).

Acknowledgement: This work was supported by the APVV-18-0016 grant and VEGA grant
1/0148/19.
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Kontaminacija bakterijama je poslednjih godina postala problem na globalnom nivou zbog
¢ega se javila potreba za novim antibakterijskim agensima. Stabilni titan-

-dioksid i cink-oksid pokazuju antibakterijsku aktivnost te se smatraju pogodnim
materijalima i zbog njihove netoksi¢nosti i niske cene [1, 2].
Cilj ovog rada bio je dobijanje novog materijala na bazi ZnO i TiO; sa

antibakterijskim svojstvima. U tu svrhu, titan(l1VV)-butoksid (25 mol.%) rastvoren je u vodenom
rastvoru  cink-acetata (75 mol.%), nakon Cega je dodavan amonijak  dok
vrednost pH nije iznosila 8,5. Polovina dobijenog rastvora je hidrotermalno tretirana
12 h na 120 °C, zatim su$ena 20 h na 100 °C i kalcinisana 1 h na 500 (uzorak H-ZnTi-500) i
800 °C (uzorak H-ZnTi-800). Druga polovina dobijenog rastvora bila je direktno suSena i
kalcinisana pod istim uslovima (uzorci ZnTi-500 i ZnTi-800).

Na osnovu XRD rezultata, fazni sastav i veli¢ina kristalita izracunati su u Powder Cell pro-
gramu, dok su parametri jedini¢ne celije i duZine veza dobijeni Ritveldovim utacnjavanjem
pomocu FullProf/Winplotr programskog paketa. Termogravimetrijskom analizom nekalcinisanih
uzoraka odredena je temperatura kalcinacije. Antibakterijska aktivnost dobijenih prahova ispitana
je prema dva soja bakterija: Gram-pozitivnoj S. aureus ATCC 25923 i Gram-negativnoj E. coli
DSM 498.

Jednofazni kubni Zn,TiO, (ICSD#162392, prostorna grupa Fa3m) dobijen je jedino u slucaju
ZnTi-800, dok je u ostale tri sinteze Zn,TiOs bio velinska faza. Pored Zn,TiOs uzorci
H-ZnTi-500 i ZnTi-500 sadrzali su 22 i 4 mas.% ZnO (ICSD#26170) redno, dok je u uzorku
H-ZnTi-800 pronadeno 7 mas.% ZnO i 5 mas.% Zn,Tis0g (ICSD#083525). Parametar a svih dobi-
jenih Zn,TiO4 pokazao se nezavisnim od samog procesa sinteze, a dobijene vrednosti su priblizno
iste: 8,4465(3) za H-ZnTi-500, 8,4604(2) za ZnTi-500, 8,4564(2) za H-ZnTi-800 i 8,4565(2) A za
ZnTi-800. U strukturi kubnog Zn,TiO. postoje dva katjonska mesta: tetraedarski koordinirani Zn u
0,0,0, i oktaedarski koordinirani Zn i Ti koji dele polozaj 5/8,5/8,5/8. Duzine veza Zn-O i Zn/Ti—
O su takode nezavisne od uslova sinteze. Na 500 °C dobijeni su nanokristalni Zn,TiO4 (veli¢ina
kristalita iznosila je 26 i 71 nm za H-ZnTi-500 i ZnTi-500, respektivno) dok su mikrokristalni
Zn,TiO4 nastali na 800 °C (veli¢ina kristalita prelazila je 110 nm). Od svih uzoraka, ZnTi-500 je
pokazao najbolju antibakterijsku aktivnost dostignuvsi visoki stepen redukcije broja bakterijskih
kolonija: 87,6 % E. coli DSM 498 i 63,4 % S. aureus ATCC 25923. To se moze pripisati ¢injenici
da je u ovom sluéaju dobijen gotovo jednofazni Zn,TiO4 sa dovoljno malom veli¢inom kristalita.

[1] A. Sirelkhatim et al., Nano-Micro Letters, 7 (2015) 219-242.
[2] T. Matsunaga et al., FEMS Microbiology Letters, 29 (1985) 211-214.
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ANTIBACTERIAL ZINC ORTHOTITANATE
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In recent years bacterial contamination has become a significant problem of the global envi-
ronment  causing the necessity  for novel antibacterial agents. Stable,
non-toxic and low cost zinc oxide and titanium dioxide are considered as suitable
antibacterial materials [1, 2].

The aim of this work was to find a new antibacterial material based on both, ZnO and TiO,.
Therefore, titanium(IV) butoxide (25 mole%) was dissolved in a water solution of zinc acetate (75
mole%) after which the ammonia was added until pH was adjusted to 8.5. Half of the obtained
solution was hydrothermally treated for 12 h at 120 °C, dried for 20 h at 100 °C and then calcined
at 500 (sample H-ZnTi-500) and 800 °C (sample H-ZnTi-800) for 1 h. The other half of obtained
solution was directly dried and calcined under the same conditions (samples ZnTi-500 and
ZnTi-800).

Base on XRD data for obtained powders, the phase composition and crystallite size were calcu-
lated in Powder Cell software while unit cell parameters and bond distances were obtained by
Rietveld refinement using FullProf software in Winplotr environment. TG analysis of uncalcined
samples was used to determine temperature of calcination. Antibacterial properties of obtained
powders were examined towards Gram-positive S. aureus ATCC 25923 and Gram-negative E. coli
DSM 498 bacteria.

The single-phase cubic Zn,TiO, phase (ICSD#162392, space group Fe3m ) was
obtained in the case of ZnTi-800 while, for three other samples, the Zn,TiO, is found to be a pre-
dominant phase. Beside Zn,TiOs samples H-ZnTi-500 and ZnTi-500 contained 22 and 4 wt.% of
ZnO (ICSD#26170) respectively, while H-ZnTi-800 had 7 wt.% of ZnO and 5 wt.% of Zn,Ti;0s
(ICSD#083525). The a-parameter of all obtained Zn,TiO4 was independent of synthetic procedure
having following values: 8.4465(3) for H-ZnTi-500, 8.4604(2) for ZnTi-500, 8.4564(2) for
H-ZnTi-800 and 8.4565(2) A for ZnTi-800. Two cation sites can be found in cubic Zn,TiO4: tetra-
hedrally coordinated Zn at 0,0,0 and octahedral site at 5/8,5/8,5/8 shared between Zn and Ti. The
Zn-0 and Zn/Ti-O bond distances were also independent of synthesis. The nanocrystalline
Zn,TiO4 phases were obtained at 500 °C (crystallite size for H-ZnTi-500 and ZnTi-500 were 26
and 71 nm respectively), and microcrystalline ones at 800 °C (the crystallite size exceeded 110
nm). Among all samples, the ZnTi-500 demonstrated the best antibacterial activity reaching high
reduction in the number of bacteria cells: 87.6 % of E. coli DSM 498 and 63.4 % of S. aureus
ATCC 25923. This could be explained by the fact that almost pure Zn,TiO4 phase was obtained
with sufficiently small crystallites.

[1] A. Sirelkhatim et al., Nano-Micro Letters, 7 (2015) 219-242.
[2] T. Matsunaga et al., FEMS Microbiology Letters, 29 (1985) 211-214.
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SINTEZA | STRUKTURA KOMPLEKSA Cu(ll) SA
BIS(4-KARBOKSI-BENZIL)AMONIJUM-HLORIDOM

Nikola Radnovié 2, Chris Hawes ?, Marko Rodi¢ 2

@ Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Trg D. Obradoviéa 3, 21000 Novi
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Reakcijom  bis(4-karboksi-benzil)amonijum-hlorida, [HsL]Cl, sa Cu(NOs)2'2,5H.0, pri
solvotermalnim uslovima u rastvoru dimetilformamida (DMF), dobijen je dvodimenzionalni
koordinacioni polimer {[Cu2(HL)(DMF):NO3zCI]NOs;-DMF},.

Asimetri¢na jedinica kompleksa sastoji se od dva jona Cu®*, HL", mostovnog hloridnog jona i tri
molekula DMF od kojih jedan nije koordinovan i predstavlja rastvara¢ u kristalnoj strukturi.
Ligand HL" je tetradentatano koordinovan i ima mostovnu ulogu. Monoanjonska forma liganda je
nastala deprotonacijom obe karboksilne grupe, s tim da je alifatitna aminska grupa izmedu
benzoksi grupa u protonovanoj formi.

Oba centralna atoma nalaze se u kvadratnom piramidalnom okruzenju sa razli¢itim ligandima. Cul
formira dimer u obliku pedaline, gde su bazalni polozaji koordinacionog poliedra jona Cul u
klasteru zauzeti karboksilatnom grupom, a apikalni polozaj zauzima hloridni jon koji premoséuje
atome Cul i Cu2. Koordinaciono okruzenje Cu2 ¢ine hloridni jon, dva molekula DMF i nitratni
jon u bazalnom polozaju, dok se u apikalnom polozaju nalazi jo$ jedan hloridni jon koji pripada
drugoj asimetri¢noj jedinici.

HL™ ligandi se savijaju da povezu svaki Cul dimer kako bi formirali jednodimenzionalne lance
duz ose b, a lanci su povezani preko hloridnih jona. Kao rezultat toga, kristalna struktura ima dve
vrste ravnih 1D kanala.

Asimetric¢na jedinica kompleksa Dve vrste 1D kanala duz ose b u
{[Cuz(HL)(DMF);NO3CIINO3-DMF}, kristalnoj strukturi kompleksa
Odabrani  kristalografski podaci i parametri utaénjavanja: CousHasCICUaNgO13,  P2i/c,

a =14,8506(8) A, b = 10,8286(6) A, ¢ = 20,8755(11) A, = 95,872(3)°, V = 3339,4(3) A3, Z = 4,
R =6,02 %, S = 1,047, za 460 parametara i 5906 refleksija.
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SYNTHESIS AND STRUCTURE OF Cu(ll) COMPLEX WITH
BIS(4-CARBOXY-BENZYL)AMMONIUM CHLORIDE
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e-mail: nikola.radnovic@dh.uns.ac.rs

The reaction of bis(4-carboxy-benzyl)ammonium chloride, [HsL]Cl, with Cu(NOs)2-2,5H20, in
DMF solution under solvothermal conditions, yielded the two-dimensional coordination polymer
{[CUZ(HL)(DMF)ZNO3CI]NO3'DMF}n.

The asymmetric unit of the complex consists of two Cu?*, HL", bridging chloride ion and three
DMF molecules of which one is not coordinated and represents crystal solvent. Ligand HL™ is
tetradentantly coordinated and has a bridging role. The monoanionic form of the ligand is formed
by deprotonation of both carboxyl groups, while the aliphatic amine group between the benzoxy
groups being in the protonated form.

Both central atoms are situated in square pyramidal environment with different ligands. Cul form
paddle-wheel type dimer where the basal positions of the Cul polyhedron are occupied by the
carboxylate groups and the axial position is occupied by chloride ion which bridges Cul and Cu2
atoms. The coordination environment of Cu2 consists of a chloride ion, two DMF molecules and a
nitrate ion in the basal positions, while in the apical position there is a chloride ion that belongs to
another asymmetric unit.

The HL™ ligands are bending to connect each Cul dimer to form 1D chains along
b-axis and the chains are linked via chloride ions. As a result, the crystal structure has two kinds of
straight 1D channels.

Cut_o1a ZAL
@c1

C1A}

Asymmetric unit of complex Two kinds of 1D channels along
{[Cuz(HL)(DMF);NOsCIINO3-DMF}, b-axis in crystal structure of complex

Selected crystallographic data and refinement details: CosHasCICuzNgO1s, P2:1/c, a = 14.8506(8) A,

b =10.8286(6) A, c = 20.8755(11) A, f=95.872(3)°, V=3339.4(3) A%, Z=4,R =6.02 %, S =
1.047, for 460 parameters and 5906 reflections.

21






POSTERSKA SAOPSTENJA
POSTER PRESENTATIONS



XXVII Kondepenmnuja Cprickor kpuctanorpadckor ApymTaa

CYINPAMOJIEKYJICKA OPTAHU3ALIMJA 3-(4-XJIOPBEH30WT)-1,3-
JTUA3ACIIUPO[4.5]JEKAH-2,4-TUOHA

K. l'ak Cumuh 2, A. Jlasuh 2, JI. Pagosanosuh 2, J. Poran °, I'. Jamuh °, U. Bophesuh °,
H.Tpumosuh °
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e-mail: kgak@tmf.bg.ac.rs

CuHTeTHCaH je AepuBaT IHMKIOXEKCaH-5-CIHpoXuaaHToOMHA W onpeheHa je HmeroBa KpHCTallHA
CTpYKTypa. XWjepapXUjCKd pa3BOj KpPUCTATHOI [AKOBama JUCKYTOBAaH je ca AacleKTa
KOOINEPAaTUBHOCTH JHMEPHUX MOTHBA KOJHU HACTajy NPEKO Ppa3IWYUTHX HHTEPMOJIEKYJICKUX
UHTepakiuja, u To: jakux N—H---O Bomonmuynux Be3a u ciaabux C-H---O, C-H---Cl u C-H'-'%
uHTepakiuja. KpucramHo nakoBame 3a/p)kaBa MOTHB, KOjU ce oOu4yHO cpehe Kox aepuBara
XMJAaHTOMHA, Y KOME Cy JiBa HMHBEP3aHO OpHUjeHTHCaHa MoJjeKysia moBe3aHa mapoM N-H:---O
BOJOHMYHHX Be3a (ciuka 1). CrenupuyHa CTPYKTYpHA KapaKTepPUCTHKA jecy MapalieliHU CIIOjeBH
Iyx ac-paBHH (cnuka 2). [lomTo oBaj MOTHB MOBe3yje CBakd APYTH CIIOj, pacTojame m3mely
cliojeBa ce HaW3MEHHMYHO Mewa. HakHanHa ananmsa XupiidennoBe noBpiiHe oMoryhuia je
paspagy KBAIMTATUBHHX W KBAaHTUTATHBHHX JIONPUHOCA HHTEPMOJICKYJICKUX HHTEpaKIHuja
NPOYYaBAaHOM KPHUCTAJIHOM MaKOBamwbY.

Cnuka 1. Kapakrepuctuuan R,%(8) npcren 3-(4-xnopbenzounn)-1,3-
-nuasactupo[4.5]nexan-2,4-mroHa

Kpucmanoepagcku nodayu 3-(4-xnopbenzoun)-1,3-ouazacnupof4.5]oexan-2,4-ouona:
Ci15H15CIN2O3, M, = 306.7, TpuknuHu4yan cucreM, mpocTopHa rpyma P-1, a = 6,2836(13), b =
10,928(2), ¢ = 12,159(2) A, a = 108,19(3), £ = 99,76(3), = 104,73(3) °, V = 738,4(3) A%, Z = 2,
F(000) = 320, px = 1,380 g cm3, u(Mo Ka) = 0,270 mm. Yraumasame ca F? (190 nmapamerapa)
mamo je Ry = 0,0821, wR, = 0,1157, S = 1,031 3a cee momatke u R; = 0,0548 3a 2707 youeHux
pedaexcuja ca | > 20(1).
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SUPRAMOLECULAR ASSOCIATION IN 3-(4-CHLOROBENZOYL)-1,3-
DIAZASPIRO[4.5]DECANE-2,4- DIONE
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N.Trisovi¢P

2 Innovation Centre of the Faculty of Technology and Metallurgy, Belgrade, Serbia; ® Faculty of
Technology and Metallurgy, University of Belgrade, Belgrade, Serbia; ¢ University of Belgrade -
Institute of Chemistry, Technology and Metallurgy, National Institute of the Republic of Serbia,
Belgrade, Serbia
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A derivative of cyclohexane-5-spirohydantoin was synthesized and its crystal structure was deter-
mined. The hierarchical development of the crystal packing was discussed through cooperativity of
various dimeric motifs associated with the presence of different intermolecular interactions, name-
ly strong N-H:--O, and weaker C—H---O, C—H---Cl and C-H-- ‘& interactions. The crystal packing
retained the motif commonly found in hydantoin derivatives where two molecules related by in-
version are linked by a pair of N-H---O hydrogen bonds (Figure 1). A hallmark structural feature
was a parallel layer arrangement to the ac-plane (Figure 2) with alternating perpendicular separa-
tion, whereby this motif connect every second layer. An analysis of the Hirshfeld surface further
elaborated the qualitative and quantitative contributions of intermolecular interactions to the crys-
tal packing.
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Figure 2. Part of the crystal packing of the investigated derivative of cyclohexane-5-
spirohydantoin showing formation of a layer parallel to the ac-plane.

Crystal data for 3-(4-chlorobenzoyl)-1,3-diazaspiro[4.5]decane-2,4-dione: CisH1sCIN2O3z, M, =
306.7, triclinic system, space group P-1, a = 6.2836(13), b = 10.928(2), ¢ = 12.159(2) A, « =
108.19(3), = 99.76(3), y= 104.73(3) °, V = 738.4(3) A3, Z = 2, F(000) = 320, px = 1.380 g cm3,
#(Mo Ka) = 0.270 mm™, The refinement on F? (190 parameters) yielded Ry = 0.0821, wR; =
0.1157, S = 1.031 for all data, and R1 = 0.0548 for 2707 observed reflections with 1 > 24(1).

25



XXVII Korgepenmmja Cprckor KpuCTaIorpagdcKor APyIITBa

CUHTE3A, KAPAKTEPU3ALIUJA U DFT IIPOPAYYHU
BUHYKJIEAPHOI' KOMIIVIEKCA Mn(l1) CA LIN®OBUM BA3ZAMA
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xemujy, Fhecowesa 12, 11000 bBeoepaod, Cpouja
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Kommiaekc Mn(ll) mobujer je y peakumju N,N,N-tpumerwi-2-oxco-2-(2-(1-(tuaszon-2-
WI)eTWIN/IEH) XU apasuHmwi)eTan-1-amunujym xinopuna, HLICI, (0,25 mmol) u MnCl>-4H,0 (0,25
mmol) y meranony. [Tocne pactBapama comu Mn(ll), noxart je NaN3 y sumky (1 mmol). Cmerna je
pedaykroBana aBa cara Ha Temmeparypu on 60 °C. CnopuM ymapaBambeM pacTBapava y
¢bpwxuaepy TokoMm 14 nana nobujeHn cy Oieno-HapaHpacTH Kpuctanu. Kowmiuiekc je
OKapaKTepUCaH CJIEMEHTATHOM aHamu3oM, MLl CIeKTPOCKONHjOM M PEHIreHCKOM CTPYKTYPHOM
QHAITU30M.

AcuMeTpHYHA jeJMHULA TEHTPOCUMETPUYHOT JIMHYKIEApHOT Komrutekca [MnaLly(p-11-
N3)2(Ns)2] cacroju ce omx Mn(ll), jemmor mmramma L!, npa asmma (jeqHOr MOCHOT M jemHOT
TEPMHHAIIHOT) U jeJHOT MoJeKyna pactBapada (meraHona). JoH Mn(ll) xekcakoopanHOBaH je
npeko Tpu atoma joHopa auranaa L (N1, N2 u O1), nBa aToma a30Ta n3 MOCHOT JIMTaH/Ia a3uia 1
jemHor aroma aszota TepmuHamHor suranma asuga (N8). T'eomerpuja joma Mn(ll) mpencrasiba
nedopmucany tpuronanny npusmy (TPR-6) ca @ yriom ox 14.19° usmelhy maposa atoma N1NS,
O1IN2 u N5N5. TIpopauysu Teopujom ¢yukimonana rycrune (eur. DFT) va ZORA-M06-2X/TZP
HHUBOY TEOpHje MoKa3yjy Maiy dhepomaraeTny uarepakimjy mmehy msa Mn(ll) nenrpa.
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SYNTHESIS, CHARACTERIZATION AND DFT CALCULATIONS OF
DINUCLEAR SCHIFF BASE Mn(11) COMPLEX
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b University of Belgrade-Institute of Chemistry, Technology and Metallurgy, Department of Che-
mistry, Njegoseva 12, 11000 Belgrade, Serbia;
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The Mn(Il) complex was synthesized by the reaction of N,N,N-trimethyl-2-oxo-2-(2-(1-
(thiazol-2-yl)ethylidene)hydrazinyl)ethan-1-aminium  chloride, HL!CI (0.25 mmol), and
MnCl,-4H,0 (0.25 mmol) in methanol. After complete dissolution of Mn(1l) salt, NaN3 (1 mmol)
was added. The mixture was stirred for 2 h at 60 °C. After slow evaporation of solvent in refrigera-
tor for 14 days, pale orange crystals were obtained. The complex was characterized via elemental
analysis, IR spectroscopy and X-Ray.

The crystal structure of [Mn,L;(u-1,1-N3)2(Ns)2] displays a centrosymmetric binuclear
complex with the asymmetric unit comprising one Mn(ll) center, one ligand L, two azide anions
(one bridging and one terminal) and one solvent (methanol) molecule. The Mn(Il) ion is
hexacoordinated with three donor atoms N1, N2 and O1 of ligand L?, two nitrogen atoms from
bridging azide anions, and one nitrogen atom (N8) from terminal azide anion. The polyhedron
around the Mn(Il) ion is described as distorted trigonal prism (TPR-6) with the twist angle @ of
14.19° for the atom pairs N1IN8, O1N2 and N5N5. Density functional theory (DFT) calculations at
ZORA-MO06-2X/TZP level of theory revealed weak ferromagnetic interactions between Mn(ll)
centers.
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SINTEZA | KRISTALNA STRUKTURA
2-ACETILBUTIROLAKTONA SA METIL ESTROM
L-TRIPTOFANA
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Kragujevac, Srbija; PInstitut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu,
Radoja Domanoviéa 12, 34000 Kragujevac, Srbija; °Prirodno-matematicki fakultet, Univerzitet u
Novom Sadu, Trg Dositeja Obradoviéa 3, 21000 Novi Sad, Srbija
e-mail:danijela.stojkovic@kg.ac.rs

Odmere se i u ultrazvuénoj kadi mesaju ekvimolarne koli¢ine 2-acetil butirolaktona i
metil estra L-triptofana. Reakcija traje &etiri sata. Nakon zavrSene reakcije i hladenja na sobnoj
temperaturi dobija se proizvod u obliku viskozne sme$e. Dobijena smesa se rastvara u metanolu, a
zatim se vr$i teénO-teCna ekstrakcija smeSom hloroform : voda= 1:1. Organski sloj se
kvantitativno prebaci u balon u kojem se proizvod su$i anhidrovanim natrijum sulfatom preko nod¢i.

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

Kristalografski podaci: monokliniéni kristalni sistem, prostorna grupa P2i, veli¢ina
kristala 0,42 x 0,28 x 0,23 mm?, a = 8,7171(3) A, b = 8,9806(5) A, ¢ = 10,7833(4) A, V =
844,02(6) A%iZ =2, px = 1,292 glcm?, u = 0,09 mm™*. Utaénjavanje sa F? (231 parametara i 2907
nezavisnih refleksija) dalo je R[F? > 26(F?)] = 0,045, wR(F?) = 0,101, S = 1,05.
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Slika 1. Molekulska struktura 2-acetilbutirolaktona sa metil estrom L-triptofana
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An equimolar amount of 2-acetylbutyrolactone and methyl ester of
L-tryptophane was mixed in an ultrasonic bath. The reaction took place for a period of
4 h. After completion of the reaction the flask was cooled at the room temperature and the product
was obtained in the form of a viscous mixture.After cooling, the resulting viscous mixture was
dissolved in methanol and clarified by liquid-liquid extraction in a mixture of chloroform : water =
1: 1. The organic layer was then quantitatively transferred to a flask and dried with anhydrous
sodium sulfate, overnight.

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

Crystal data: monoclinic crystal system, space group P2;, crystal size
0.42 x 0.28 x 0.23 mm®, a =8.7171(3) A, b = 8.9806(5) A, ¢ = 10.7833(4) A, V = 844.02(6) A% i
Z =2, px = 1.292 glcm®, u = 0.09 mm™. Refinament with F?> (231 parameters and 2907
independent reflections) are given R[F? > 26(F?)] = 0.045, wR(F?) = 0.101, S = 1.05.
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Figure 1. ORTEP plot for molecule 2-acetylbutyrolactone with methyl ester of
L-tryptophane

29



XXVII Korgepenmmja Cprckor KpuCTaIorpagdcKor APyIITBa

SINTEZA | KRISTALNA STRUKTURA
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U ovom radu smo predstavili sintezu i kristalnu strukturu novog liganda propilendiamin-
N,N'-di-2-(3-metil)butanske kiseline hidrata dihidrohlorida. Ligand je okarakterisan infracrvenom,
'H i 3C NMR spektroskopijom. Pretpostavljena struktura potvrdena je rendgenskom strukturnom
analizom.

S-Valin (2 mol) i NaOH (2 mol) su rastvoreni u 40 cm® vode. Reakciona smesa je
zagrevana na uljanom  kupatilu 4 sata, tokom tog perioda su dodavani
1,3-dibromopropan (1 mol) i Na,COsz (1 mol) u malim porcijama. Nakon zavrSene reakcije i
hladenja na sobnoj temperaturi dodat je rastvor HCI (1:1) da bi se pH podesio na 4-5 i ostavio u
frizideru tokom 24 sata. Hidrat dihidrohlorid propilendiamin-N,N'-di-2-(3-metil)butanske kiseline,
H»-S,S-pddmba-H,0-2HCI, istalozen je u obliku belog praha, i odvojen je filtriranjem, ispran
vodom, etanolom, etrom i suSen je nha

vazduhu. Beli talog je rastvoren u HC1 e o ; . %_ -
(2:1) i ostavljen u frizideru. Nakon nedelju ) 3"& )_‘;M %/‘Cfg Lo C13 :\:
dana formirali su se kristali. il R @ N4 cgém‘“
Kristalografski podaci: i kristalni — et :“, e o cug(”

sistem, prostorna grupa P212:2;, veli¢ina R 0@ °’”;7 J
kristala 0,59 x 0,33 x 0,30 mm?, a = ‘s S -O::;u&
11,53793) A, b = 171581(4) A, T Ve (D X WY
¢ =29,3690(9) A, V =5814,1 (3) A’i Z = NERS 432 CRA -3 &
4, pe = 1231 glem? u = 0,35 mm <N ° S
Uta¢njavanje sa F? (668 parametara 12104 ol o XY S
refleksija) dalo je R[F? > 24(F?)] = 0,052, ¢ \-‘?‘pm o L/ c;xﬁgg -
WR(F?) = 0,118, S = 1,06. SEE ) % on B

o0 @ gose , Cj":_’

- bOQ

@cs @cs

Slika 1. Molekulska struktura
propilendiamin-N,N'-di-2-(3-metil)butanske kiseline

30



27" Conference of the Serbian Crystallographic Society

SYNTHESIS AND CRYSTAL STRUCTURE OF
PROPYLENEDIAMINE-N,N'-DI-2-(3-METHYL)-
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In this paper, we presented synthesis and crystal structure of new ligand
propylenediamine-N,N'-di-2-(3-methyl)butanoate acid hydrate dihydrochloride. Ligand was
characterized by infrared, *H and *C NMR spectroscopy. The assumed structure was confirmed
by X-ray structural analysis.

S-Valine (2 mol) and NaOH (2 mol) were dissolved in 40 cm of water. The reaction
mixture ~was heated on a oil bath for 4 h during which period
1,3-dibrompropane (1 mol) and Na,COs (1 mol) were added in small portions. After that, the HCI
solution (1:1) was added in the cold solution to adjusted pH on 4-5 and left in refrigerator over 24
h. The propylenediamine-N,N'-di-2-(3-methyl)butanoate acid hydrate dihydrochloride, H»-S,S-
pddmba-H,O-2HCI precipitated as a white powder, and it was separated by filtration, washed with
water, ethanol, ether and air dried. The

white precipitate was dissolved in HCI (1: “c M . °€>~
1) and left in the refrigerator. After a 3,’@2 )_, "'Cfa‘ oz o B
week, crystals formed. Bk cé)ce ¢ cg‘&cff’
Crystal  data:  orthorhombic . “Re ® “7 e

crystal system, space group P21212;, = @ . o Jd
crystal size 0.59 x 0.33 x 0.30 mm?, a = ‘s N Tre
11.5379(3) A, b = 17.1581(4) A, ¢ = ) N CE DR
20.3690(9) A, V = 5814.1(3) A% i Z = 4, py L et Telte
= 1231 glem® u = 035 mml <N ¢ ¢ L
Refinament with F2 (668 parameters and ol el e
12104 reflections) are given R[F? > v \:‘pc{g @/ 7?5%233 W i
20(F?)] = 0.052, wR(F?) = 0.118, S = 1.06. ey Y <2 ® on R

i B e,

- bOQ

UCIS Uc‘ﬁ

Figure 1. Molecular structure of
propylenediamine-N,N'-di-2-(3-methyl)butanoate acid
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SINTEZA | KRISTALNA STRUKTURA (E)-3-(1-((4-HIDROKSI-3-
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(E)-3-(1-((4-hidroksi-3-metoksifenil)amino)-etiliden) hroman-2,4-dion je novosintetisani derivat 4-
hidroksikumarina dobijen meSanjem i refluktovanjem 3-acetil-4-hidroksikumarina (1 mmol) i 3-
metoksi-4-hidroksi anilina (1 mmol) u metanolu [1,2]. Tok reakcije je pracen pomocu tankoslojne
hromatografije (toluen : aceton = 7 : 3). Nakon zavrSene reakcije rastvor je ohladen, a dobijeni
kristli su filtrirani i su$eni na vazduhu. Rekristalizacija je vrSena iz acetonitrila, gde su dobijeni
svetlo braon monokristali. Struktura dobijenog jedinjenja je potvrdena primenom rendgenske
strukturne analize. Kristalografski podaci: prostorna grupa P 1 , veli¢ina kristala
0,18 x 0,08 x 005 mmé a=7,6241(9) A, b=9,3739(9) A, c=115204(13) A,
a = 90,304(9)°, B = 102,101(10)°, y = 113,351(10)°, V = 735,52(15) A% , Z = 2,
px=1,469 g cm3, 1 = 0,903 mm™, R; =(1 mmol 0,043, wR; = 0,128.

03

02
Slika 1. Struktura (E)-3-(1-((4-hidroksi-3-metoksifenil)amino)-etiliden) hroman-2,4-diona

[1] E. H. Avdovi¢ , I. P. Petrovi¢ , M. J. Stevanovi¢ , L. Saso , J. M. Dimitri¢ Markovié, N.
D. Filipovi¢, M. Z. Zivi¢, T. N. Cvetié¢ Anti¢, M. V. Zizi¢, N. V. Todorovié¢, M. Vukié, S.
R. Trifunovi¢, and Z. S. Markovi¢, Oxid. Med. Cell. Longev., 2021 (2021) 18-36.

[2] E. H. Avdovi¢, Z. B. Milanovié¢, M. N. Zivanovié, D. S. Sekli¢, I. D. Radojevi¢, Lj. R.
Comié, S. R. Trifunovi¢, A. Ami¢, and Z. S. Markovi¢, Inorganica Chim. Acta, 504
(2020) 119465.
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(E)-3-(1-(4-hydroxy-3-methoxyphenyl)amino)-ethylidene)  chromane-2,4-dione is a newly
synthesized 4-hydroxycoumarin derivative obtained by mixing and refluxing 3-acetyl-4-
hydroxycoumarin (2 mmol) and 3-methoxy-4-hydroxy aniline (2 mmol) in methanol [1,2]. The
reaction was monitored by thin layer chromatography (toluene : acetone = 7 : 3). When the
reaction was completed, the solution was cooled, and the resulting crystals were filtered and air-
dried. Recrystallization was performed from acetonitrile, where light brown single crystals were
obtained. The structure of the obtained compound was confirmed using X-ray structural analysis.

Crystallographic data: space group P 1, crystal dimensions 0.18 x 0.08 x 0.05 mm?, a = 7.6241(9)
A, b=9.3739(9) A, ¢ = 11.5204(13) A, a = 90.304(9)°, = 102.101(10)°, y = 113.351(10)°, V =
735.52(15) A3, Z =2, px=1.469 g cm™3, 1 = 0.903 mm*, R; = 0.043, wR, = 0.128.

02
Figure 1: Structure (E)-3-(1-(4-hydroxy-3-methoxyphenyl)amino)-ethylidene) chromane-2,4-dione

[1] E. H. Avdovi¢, 1. P. Petrovi¢ , M. J. Stevanovi¢ , L. Saso , J. M. Dimitri¢ Markovi¢, N. D.
Filipovi¢, M. Z. Zivi¢, T. N. Cveti¢ Anti¢, M. V. Zizié, N. V. Todorovi¢, M. Vukié, S. R.
Trifunovi¢, and Z. S. Markovi¢, Oxid. Med. Cell. Longev., 2021 (2021) 18-36.

[21 E. H. Avdovié, Z. B. Milanovi¢, M. N. Zivanovié, D. S. Sekli¢, I. D. Radojevié, Lj. R.
Comi¢, S. R. Trifunovi¢, A. Ami¢, and Z. S. Markovié, Inorganica Chim. Acta, 504 (2020)
119465.
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UTICAJ HALOGENOVANJA AROMATICNOG PRSTENA NA
KONFORMACIJU SPIROHIDANTOINSKIH JEDINJENJA
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Kristalografska i kvantnohemijska studija, koja je usmerena na prouc¢avanje efekata fluorovan-
ja benzoil-grupe vezane za cikloheksan-5-spirohidantoin, pokazala je da aromati¢ni prsten ima
najveci afinitet prema cikloheksanskom prstenu (nepolarnim grupama), sa kojim gradi C-H--r i
paralelne interakcije sa velikim pomakom. Uvodenje atoma fluora na aromati¢ni prsten dovodi do
povecanog afiniteta, usled stvaranja dodatnih C—H--F interakcija [1]. Dodatno, ova studija je
prosirena na hlorovane i bromovane derivate. Analizom kristalnog pakovanja ¢etiri derivata spiro-
hidantoina (slika) pokazano je da orijentacija aromati¢nog prstena, koja je preko rotabilne
C(aromati¢ni)-C(karbonilni) veze odvojena od rigidnog spirohidantoinskog jezgra, odreduje
trodimenzionalnu supramolekulsku arhitekturu. Energijski profil rotabilne veze (slika) jako zavisi
od vrste halogenog atoma vezanog za aromati¢ni prsten (X). Najvisu barijeru (najmanju rotacionu
slobodu) ima aromati¢ni prsten sa Br atomom (oko 36 kcal/mol), dok najnizu barijeru imaju
prstenovi sa vezanim Cl ili F atomom (oko 7 kcal/mol). lzmerene vrednosti torzionog ugla T
(slika) u kristalnim stukturama, koji defini$e rotabilnost ove veze, odgovaraju minimumima ener-
gije na energijskim profilima. Kod ovih orijentacija aromatiéni prstenovi istovremeno grade C—
H-7z interakcije sa hidantoinskim prstenom i C—-H-O interakciju sa karbonilnom grupom koja
premo$¢uje dva prstena. Na osnovu ovih rezultata moze se zakljugiti da su orijentacije aro-
mati¢nog prstena odredene unutarmolekulskim interakcijama, a ne medumolekulskim interakcija-
ma, kao i da su konformacione razlike uzrok razlika u kristalnom pakovanju ovih jedinjenja.

AE 40
H

30 —F
Cl
—Br

0 20 40 60 80 100 120 140 160 180

Atom na poloZaju X
H F cl Br
X: H’ F, CI’ Br Izmerena vrednost ugla 10.56 784 412 2657

u kristalnaj strukturi

Torzioni ugao T

[1] K. Gak Simi¢, I. Pordevi¢, A. Lazi¢, L. Radovanovié, M. Petkovi¢-Benazzouz, J. Rogan, N.
Trisovié, G. Janji¢, CrystEngComm, 23 (2021) 2606—2622.
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The crystallographic and quantum chemical study, focused on the effects of fluorination of the
benzoyl group bound to the spirohydantoin moiety, showed that the aromatic ring has the highest
affinity towards the cyclohexene ring (nonpolar groups), thus forming C—H:--z and parallel interac-
tions at large offset. Introduction of a fluorine atom into the aromatic ring leads to higher affinity,
due to formation of additional C—H--F interactions [1].

Subsequently, the present study has been extended to chlorinated and brominated derivatives.
An analysis of the crystal packaging of four spirohydantoin derivatives (Figure) has shown that the
orientation of the aromatic ring, bound to the rigid spirohydantoin moiety by the rotatable
C(aromatic)-C(carbonyl) bond, determines the three-dimensional supramolecular architecture. The
energy profile of the rotatable bond (Figure) strongly depends on the halogen atom bound to the
aromatic ring (X). The highest barrier (the lowest rotational freedom) has been found for the aro-
matic ring with the Br atom (36 kcal/mol), while the rings with the CI or F atom have the lowest
barrier (7 kcal/mol). The measured values of the torsion angle T in the crystal structures (Figure),
which defines the rotability of the mentioned bond, correspond to the energy minima on the energy
profiles. In these orientations, the aromatic ring simultaneously forms C—H-x interactions with the
hydantoin ring and C-H~O interaction with the carbonyl spacer group. Based on these results, one
can conclude that the orientation of the aromatic ring is defined by intramolecular interactions, not
by intermolecular interactions, as well as that the conformational differences further cause differ-
ences in the crystal packaging of these compounds.
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[1] K. Gak Simi¢, . Bordevi¢, A. Lazi¢, L. Radovanovié¢, M. Petkovi¢-Benazzouz, Jelena Rogan,
N. Tri$ovi¢, G. Janji¢, CrystEngComm, 23 (2021) 2606-2622.
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Heterocikliéne azo boje zauzimaju znaajno mesto u oblasti koordinacione hemije, usled
njihove Siroke upotrebe u elektrohemijskim i opti¢kim istrazivanjima [1]. Sa drugestrane, kom-
pleksi metala sa heterocikli¢nim ligandima imaju znac¢ajan bioloski potencijal, jer ispoljavaju cito-
toksiénost, antimikrobnu i antioksidativnu aktivnost [2]. U ovom radu, azoboja na bazi piridona
(5-(4-metoksifenilazo)-1-etil-3-cijano-6-hidroksi-4-metil-2-piridon, HL) je upotrebljena za kom-
pleksiranje sa Cu(ll)-jonima u N,N-dimetilformamidu (DMF) na sobnoj temperaturi. Dobijeni
kompleks (CuL(DMF)) je okarakterisan UV-Vis i ATR-FTIR spektroskopijom, kao i rend-

Asimetri¢na jedinica Cu(ll)-
kompleksa. Termalni elipsoidi
nacrtani su sa verovatnoc¢om 30 %. H
atomi nisu prikazani.

genskom strukturnom analizom. Asimetri¢na jedinica
kompleksa se sastoji iz jednog Cu(ll)-atoma, dva
helatna L-liganda i jednog koordiniranog molekula
DMF (slika 1). Geometrija oko Cu(ll)-atoma je kva-
dratno-piramidalna, ¢iju baznu ravan &ine dva O-
atoma i dva N-atoma iz dva L-liganda, dok apikalni
polozaj zauzima O-atom iz koordiniranog molekula
DMF. Kristalno pakovanje uspostavljeno je
prisustvom razli¢itih nekovalentnih interakcija medu
diskretnim jedinkama kompleksa (C-H:--O, 7 i
slobodan elektronski par—).

Antioksidativha aktivnost polazne azo boje i
kompleksa je odredena pomocu ABTS (2,2°-
azinobis(3-etilbenzotiazolin-6-sulfonat) testa.
Kompleks je pokazao znadajniju antioksidativnu
aktivnost u odnosu na polaznu azo boju i askorbinsku
kiselinu koris¢enu kao standard.

Kristalografski podaci: C7oH7aN1s014CU,, M, = 1518,55, triklini¢an sistem, prostorna grupa P1,
a=10,191(2), b=13,012(3), c=14,692(3) A, «=79,73(3), B=7196(3), y=80,20(3)°,
V =1808,9(7) A3, Ry = 0,0539 za 4663 refleksija sa | > 20(1).

[1] X. Zhao, H. Qian, W. Huang, DyesPigments, 149 (2018) 796-803.
[2] N.M. Mallikarjuna, J. Keshavayya, M.R. Maliyappa, R.A. S. Ali, T. Venkatesh, J. Mol. Struct.,

1165 (2018) 28-36.
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In recent years, heterocyclic azo dyes have played significant role in the development of the
coordination chemistry, due to their wide application in the different fields of electrochemical and
optical studies [1]. Moreover, metal complexes with heterocyclic ligands in their architecture have
great biological potential since they exhibit cytotoxicity, antimicrobial and antioxidant activity [2].
In this work, pyridone azo dye (5-(4-methoxyphenylazo)-1-ethyl-3-cyano-6 hydroxy-4-methyl-2-
pyridone, HL) is used for the complexation with Cu(ll) ions in N,N-dimethylformamide (DMF) at
room temperature. The obtained complex (CuL(DMF)) is characterized by UV-Vis and ATR-
FTIR spectroscopy and single-crystal X-ray analysis. The asymmetric unit of complex is
comprised of one Cu(ll) atom, two chelate L ligands and one coordinated DMF molecule (Figure
1). The coordination geometry of Cu(ll) atom is
square-pyramidal with basal plane comprised of
two O and two N atoms originating from L ligands
while apical position is occupied by one O atom
from coordinated DMF. The crystal packing is
established with the presence of different non-
covalent interactions between discrete complex
units (C-H---O/N, z—z and lone pair-r).

Furthermore, antioxidant activities of the
starting azo dye and the complex have been
evaluated by the ABTS (2,2’-azinobis-(3-
ethylbenzothiazoline-6-sulfonate)) radical-
scavenging assay. The complex exhibited more
potent antioxidant activity than the starting dye
and ascorbic acid used as standard.

Crystal data: C70H74N18014Cuz, M, = 1518.55,
triclinic, space group P 1 , a=10.191(2),
b=13.012(3), c¢=14692(3)A, a=79.73(3),
B =71.96(3), y=280.20(3) °, V =1808.9(7) A%, Ry =0.0539 for 4663 observed reflections with
1> 20(l).

[1] X. Zhao, H. Qian, W. Huang, Dyes Pigments, 149 (2018) 796-803.

[2] N.M. Mallikarjuna, J. Keshavayya, M.R. Maliyappa, R.A. S. Ali, T. Venkatesh, J. Mol. Struct.,
1165 (2018) 28-36.

Figure 1. Asimetric unit of Cu(ll)
complex. Thermal ellipsoids were
drawn at the 30 % probability level.
H are not presented.
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Hosu kommnexcu nunka(ll) ca nuranauma Ha 6asu tmasonun-xuapasona (HLS! u HLS?)
CY CHHTETHCAHH JUPEKTHOM peaknujoM nuranana ca Zn(NOs), - 4H20 y meranony. Kommiekcu cy
IOOMjeHn y OOJIMKY MOHOKpDHCTala M CTIPYKTypa WM je pemieHa MPUMEHOM pPEeHIATCHCKE
CTPYKTYpHE aHause. Komrekcu [Zn(HLSY);](NO3)2-H0 (1-NO3) u
[Zn(HLS?);](NOs)2:CH30H-H,0 (2-NO3) umajy muCTOpProBaHy OKTaedapcKy IeOMETpHjy Hpu
yemy cy 3a jor Zn(ll) mepuaujanno koopauHOBaHa ABa HeyTpanHa juranga (Cnuka 1). Y crnosbHOj
cdepr KOMIUIEKCa ce Haja3e HUTPATHH jOHH W MOJEKYJH KPUCTAJHHUX pacTBapada. JIuranmm cy
KOOPJMHOBAaHH TPHUACHIATHO NPEKO MHUPHIMHCKOT, MMHMHCKOI W THA30JI0BOI' aToMa a30Ta,
dbopmupajyhu aBa merowiaHa XejaTHa IPCTEHA OKO IIEHTPAIHOT joHa Merana. KpucranaHo
MaKoBambe KOMIUIEKCa 3aCHOBAHO je Ha KJIACUYHMM U HEKJIACMYHUM BOJOHMYHHMM WMHTEpaKIMjama,
Kao0 W apoMaTHMYHMM CTEKMHI HMHTepakimjama. Excnepumentu mudpakiuje X-3paka ca y3opaka
npaxa MOTBPIMIM Cy Jia Cy A00ujeHn jeqHO(a3HU MPOU3BOAM. AHAIM3a THIIOBA U AUCTPHOYIH]je
HEKOBAJICHTHUX MHTEPAKI[ja Y UBPCTOM arperaTHOM CTamy je ypaljeHa padyHapCKUM MeTojaMa
KOHCTpPYKIHMje XHUPMIQPUIAOBAX TMOBPIIMHA W JBOJAWMCH3MOHAIHUX IICEYJIOCHMETPUIHUX
rpad)uKOHA OTHCAKa TIPCTH]Y.

Cauxa 1. ORTEP npuxka3
MOJIEKYJICKE CTpyKType 1-
NO3 (ieBo) u 2-NO3
(mecuo). Tepmainau

e L i\ g
® =) — % "
EIUTICOM/IM Cy NIPUKA3aHH L Y e TR

[ Nig e
ca 30% BepoBarHohe. g\,{o/z 1
&4 c2 -4 C‘Nz c22
Atomu H cy u3ocTaBbeHn I. “ Yo (9
pany nperiae HoCTH. é P E W
R ] e
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New zinc (1) complexes with thiazolyl-hydrazone-based ligands (HLS* and HLS?) were
synthesized by direct reaction of ligands with Zn(NOs), - 4H,0 in methanol. The complexes were
obtained in the form of single crystals and their structures were solved by X-ray structural analysis.
Complexes [Zn(HLSY),](NO3)2-H20 (1-NO3) and [Zn(HLS?)2](NO3)2-CHsOH-H,0 (2-NO3) have
a distorted octahedral geometry with two neutral meridionally coordinated ligands (Figure 1). In
the outer sphere of the complexes there are nitrate ions and molecules of crystalline solvents. The
ligands were coordinated tridentally via the pyridine, imine, and thiazole nitrogen atoms, forming
two five-membered chelate rings around the central metal ion. The crystal packaging of the com-
plex is based on classical and non-classical hydrogen interactions, as well as aromatic stacking
interactions. Powder X-ray diffraction experiments confirmed that single-phase products were
obtained. The analysis of types and distribution of noncovalent interactions in the solid state was
performed by computational methods of construction of Hirschfield surfaces and two-dimensional
pseudo-symmetric fingerprint plots.

Figure 1. ORTEP drawings “& P R - ?’“.0

of molecular structures of x “ W/" e»_.fciig
1-NO3 (left) and 2-NO3 & ; L H,ﬁ\*ﬁ‘\ .
(right). Thermal elliposides g0 L .

are shown at the 30% % eage "3‘/ oo, 8,
probability level. Hydrogen - %/22\ .

atoms are omitted for R f

clarity. m“‘\w e
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xemujy, Fhecowesa 12, 11000 beoepao, Cpbuja

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

Yetupu HoBa [ZnLX;] kommiekca: [ZNLY(NCS),] (1), [ZnL2(Ns)2] (2), [ZnL3(N3)2] (3) u
[ZnL*(N3)]n (4) cy cunTeTHcana u oxapaktepucana nomohy SC-XRD meroza. ¥V koMrmiekcuma 1—
4 Zn(ll) jou je menTakoopauHoBaH ca TpuaeHTaTHuM IlludoBuM O6a3aMa W JBa MceymoXalkIHA
auraHga. Y KOMIUIEKCMMa 2 W 3, a3uIo JIMraHI WMa yJIOry MOHOJCHTATHOT JIMTaHAa, JOK Y
KOMIUIEKCY 4 (YHKIHMOHHWINE Kao i3 MOCHH ymra"n Gopmupajyhn 1D monmmmepHy CTPyKTYpYy.
Kommneke 1 kpucranmiie ca Ba He3aBUCHA MOJICKYJIA Y aCUMETPUYHOj jSAMHHIM TPUKIMHUIHE
npocropre rpyne P-1. /IBa CHMETpHjCKM He3aBHCHA MOJICKYJIa MMajy HCTY KOOPAWHAIMOHY
TEOMETPHjYy, a Pa3NUUUTy KoHpopMmanujy nuranma. Komrmekcn 2—4 KpHUCTANHINY ca jeIHUM
MOJIEKYJIOM Y aCHMETPUYHO] jeqHHUIM MOHOKIHHIYHE P21/C mpocTtopHe rpyme. ['eomerpuja oko
Zn(ll) jona je mucroproBaHa KBaJpaTHO MUpaMmujaiHa 3a komiuiekce 1 u 3 ca 7 WHAEKCOM y
o6nactu 0.08-0.36 u npakTruno untepmenrjapua SQP u TBP y cnyuajy kommiekca 2 (7 = 0.43)
u 4 (7= 0.46). [ZnLX;] kOMIUIEKCH KOOPAUHAIIHOHOT Opoja MeT ca TPHACHTATHUM XHPA30HCKUM
JMTaHOMMa KOjU HWMajy CTPYKTypHE IPOMEHE Y apoOMaTHYHOM Jelly WIH XHAPa30HCKOM
(parMeHTy cy MHTEpECaHTHM Ca acIeKTa IBHXOBOT HMOTEHIHWjala Ja CIIyXKe Kao KaTalu3aTopH y
peaKLuju KETOH-aMUH-aJIKHH KYIUIOBaba.
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Four new [ZnLXz] complexes: [ZnLY(NCS)2] (1), [ZnL?(N3)2] (2), [ZnL3(N3)] (3) and
[ZnL*(N3)]n (4) have been prepared and characterized by SC-XRD methods. The Zn(ll) ion in 1-4
has fivefold coordination with tridentate Schiff base ligand and two pseudohalide ligands. In 2 and
3, the azide anions act as monodentate ligands, while in 4 display single 43 bridging mode
forming 1D polymeric chains. Complex 1 crystallizes with two independent molecules in the
asymmetric unit of the triclinic P-1 space group. The two independent molecules differ for the
ligand conformation, but present the same coordination geometry. The complexes 2—4 crystallize
with a single molecule in the asymmetric unit of the monoclinic P21/c space group. The geometry
around Zn(Il) is distorted square-based pyramidal for 1 and 3 with zindex in the range 0.08-0.36
and almost intermediate SQP and TBP in the case of 2 (z = 0.43) and 4 (z = 0.46). The five-
coordinate [ZnLXz] complexes with tridentate hydrazone-based ligands having structural changes
in the aromatic part or hydrazone moiety are interesting from the aspect of their potentials to serve
as catalysts in the ketone-amine-alkyne coupling reaction.

o)
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2,2’-DIPIRIDILAMIN-DIETIL-BARBITURNE KISELINE
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Dietil derivat barbiturne kiseline (H.debarb) pripada klasi lekova koji se koriste u le¢enju
anksioznosti, epilepsije i nekih psihijatrijskin poremecaja i predstavlja jak donor vodoniéne veze
preko dve —NH grupe, kao i slab akceptor preko tri karbonilna O-atoma [1]. 2,2’-Dipiridilamin
(dipya) je organska baza sa svojstvom prenosa naelektrisanja koja se moze javiti u nekoliko pro-
tonovanih oblika 1 wuspostaviti jedan od devet nacina koordinacije [2]. Kokristal
(Hzdebarb)(dipya),, 1, dobijen je metodom isparavanja rastvaraca iz HoO/EtOH reakcione smese
koja je sadrzala Na(Hdebarb) i dipya u molskom odnosu 1:1. Rendgenska strukturna analiza poka-
zala je da se asimetri¢na jedinica 1 sastoji od jedne Hodebarb i dve dipya jedinke povezane jakim
N/C-H---O/N interakcijama (slika 1). Glavna strukturna karakteristika 1 jeste sloj formiran preko
N/C—H:--O/N interakcija, dok su izmedu slojeva uocene slabe 77 interakcije. IzraGunate pov-
rSine elektrostatiCkog potencijala molekula 1 pokazale su najelektrofilnije i najnukleofilne delove,
dok su Hirsfildova povrsina (slika 2) i 2D grafic¢ki prikazi otisaka omogudili analizu intermole-
kulskih interakcija i kvantifikaciju doprinosa razli¢itih intermolekulskih kontakata prisutnih u
kristalnoj strukturi.

t I ‘caa™ )
Slika 1. Asimetri¢na jedinica kokristala 1. Termalni elipsoidi nacrtani su sa verovatno¢om 30 %.

Kristalografski podaci: CsH3zoNgOs, M, = 526,6, triklini¢an sistem, prostorna grupa P-1, a =
11,4015(5), b = 12,1485(4), ¢ = 12,1839(5) A, a = 70,012(3), B = 64,655(4),
y = 645004) °, V = 1350,68(11) A3, Z = 2, F(000) = 556, px = 1,295 g cm>,
u(Mo Ka) = 0,088 mml. Utacnjavanje sa F?> (358 parametara) dalo je Ry = 0,0555,
WR, = 0,099, S = 1,029 za sve podatke i Ri = 0,041 za 3835 uocenih refleksija sa
1> 26(1).

[1] K.T. Mahmudov, M.N. Kopylovich, A.M. Maharramov, M.M. Kurbanova, A.V. Gurbanov,
A.J.L. Pombeiro, Coordination Chemistry Reviews, 265 (2014) 1-37.
[2] D.W. Brogden, J.F. Berry, Comments on Inorganic Chemistry, 36 (2016) 17-37.
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Diethyl derivative of barbituric acid (H.debarb), that belongs to a class of drugs used in treat-
ment of anxiety, epilepsy and some psychiatric disorders, is strong hydrogen bond donor via two —
NH groups and weak acceptor through its three carbonyl O atoms [1]. 2,2’-Dipyridylamine (dipya)
is a charge transfer organic base that can exist in several protonation states adopting one of nine
coordination modes [2]. A co-crystal (Hzdebarb)(dipya)2, 1, was prepared by solvent evaporation
method from the H>O/EtOH reaction mixture containing Na(Hdebarb) and dipya in molar ratio
1:1. The single crystal X-ray analysis revealed that asymmetric unit of 1 is comprised of one
H.debarb and two dipya moieties connected by strong N/C—H:--O/N interactions (Figure 1). The
main structural feature is layer formed by N/C—H---O/N interactions, while among the layers the
week 7---z stacking interactions were observed. Computed the molecular electrostatic potential
surfaces of 1 revealed the most electrophilic and nucleophilic parts, while the Hirshfeld surfaces
(Figure 2) and 2D fingerprint plots enabled the analysis of intermolecular interactions and quantify
the contribution of various intermolecular contacts present in the crystal structure of 1.

Figure 2. Interactions and calculated Hirshfeld surface in 1.

Crystal data: CasH3oNsOs, M, = 526.6, triclinic system, space group P-1, a = 11.4015(5), b =
12.1485(4), ¢ = 12.1839(5) A, a = 70.012(3), B = 64.655(4), y = 64.500(4) °,
V =1350.68(11) A%, Z = 2, F(000) = 556, px = 1.295 g cm~2, (Mo Ka) = 0.088 mm™. The refine-
ment on F? (358 parameters) yielded R; = 0.0555, wR, = 0.1099, S = 1.029 for all data, and R; =
0.041 for 3835 observed reflections with | > 24(1).

[1] K.T. Mahmudov, M.N. Kopylovich, A.M. Maharramov, M.M. Kurbanova, A.V. Gurbanov,

A.J.L. Pombeiro, Coordination Chemistry Reviews, 265 (2014) 1-37.
[2] D.W. Brogden, J.F. Berry, Comments on Inorganic Chemistry, 36 (2016) 17-37.
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Statisticka analiza podataka dobijenih iz kristalnih struktura, ekstrahovanih iz Kembri¢ke baze
strukturnih podataka (eng. CSD), pokazala je da atomi S i Se u nepolarnom okruZenju pokazuju
sli¢nu tendenciju ka pojedinim tipovima interakcija [1]. Najbrojnije su strukture sa C-H-S i C-
H--Se interakcijama (~ 80%), dok su Se--Se i S S interakcije druge po zastupljenosti (~ 5%).
Kada se S ili Se nalaze u polarnom okruZenju (u neposrednoj blizini imaju O-H ili N-H grupu)
raspodela pojedinih tipova interakcija je neSto drugaéija. StatistiCka analiza interakcija S i Se
(kriterijumi: d < 4.0A (za S) d <4.5A (za Se), Slika) pokazala je da su najbrojnije interakcije sa H
atomom (u oba slucaja oko 47%), dok su interakcije koje uklju¢uju C atome (interakcije sa
nepolarnim grupama) druge po zastupljenosti. Interakcije sa nepolarnim C-H grupama su nesto
zastupljenije kod Se (30%) nego kod S atoma (21%), dok su interakcije sa polarnim O-H i N-H
grupama manje brojne kod Se (ukupno 10%) nego kod S atoma (ukupno 16%). Neocekivano,
simultane interakcije X atoma sa S/Se atomom i polarnom O-H/N-H grupom (H-X<3.5 A) su
zastupljene u udelu od samo 20% (Slika).

Rezultati doking studije sugerisu da bi PBISe (Se jedinjenje) moglo biti bolji inhibitor iNOS
(inducibilne azot-monoksid sintaze) nego njegov S derivat (PBIT). Sve orijentacije PBISe su
grupisane na istom mestu (aktivno mesto, Slika) $to dovodi do mnogo bolje efikasnosti ovog
molekula u odnosu na PBIT, za kojeg su nadena tri mesta vezivanja (Slika). Ovo se slaze sa
eksperimentalnim rezultatima koji ukazuju na to da PBISe ubija ¢elije melanoma vise od 10 puta
efikasnije od drugog iNOS inhibitora (PBIT).

CSD H %2 [WH-X(S) | " S A
7/ * | H-X(Se) | g |‘ | 1 J’ ] E’H
ON 111
~nhli )
Sise x| L £F
/ B "o | “XS L 2
- 5 | X(Se) K1
R d<4.04() i l (
d<4.54(Se L) -7.7 keal mol!

7
-7.3 keal mol” '
7.0 keal mol”! 1. -8.2 kcal mol”!

[1] I. Pordevi¢é, M. Popadi¢, M. Sarvan, M. Petkovi¢-Benazzouz, G. Janji¢, Acta Cryst. B76
(2020) 122-136.
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Statistical analysis of data from crystal structures, extracted from Cambridge Structural Data-
base (CSD) have shown that S and Se atoms in nonpolar environment display similar tendency
toward specified type interactions [1]. The most numerous are structures with C—H---Se and
C—H- S interactions (~80%), while structures with Se'--Se and S---S interactions (~5%) are nota-
bly less numerous (second type of interactions). When S or Se atoms is in a polar environment
(there is OH or NH grous in the vicinity), the distribution of certain types of interactions is slightly
different. Statistical analysis of S and Se interactions (criteria: d < 4.0 A (for S) d <4.5 A (for Se),
Figure) showed the most numerous interactions with the H atom (in both cases about 47%), while
interactions involving C atoms (interactions with non-polar groups) are second in prevalence.
Interactions with non-polar C-H groups are slightly more numerous for Se (30%) than for S atom
(21%), while interactions with polar O-H and N-H groups are less numerous for Se (10% in total)
than in case of S atom (16% in total). Unexpectedly, the simultaneous interactions of X atom with
the S/Se atom and the polar OH/N-H group (H--X<3.5 A) are only present in an amount of about
20%.

Results from docking study suggested that PBISe (Se compound) could be beter inhibitor of
iNOS (inducible nitric oxide synthase) than its S derivative (PBIT). All orientations of PBISe are
clustered at the same site (active site, Figure) leading to much better efficiency of this molecule
compared to PBIT, where three binding sites can be observed (Figure). This is in strong agreement
with experimental results pointing that PBISe kills melanoma cells >10—fold more effectively than
other iNOS inhibitors (PBIT).

CSD - PBIT PBISe &
L % %0 |sH-X (S) 1 O NS AN NH AN
— H-X(Se)lq 211 i ¢ ] e S b s ,ﬂ
O/N ) ‘ 1 I | ‘ ‘[ HNT ’\,J/\\/ el AT se TN =
*\' " mbill | | iNOS
S\ 20-25.30-35.4.0.4 C =
SISe> - x 3
= BE,
/ = ‘ | "X % 5
> | X(Se) >4
R d<4.04 (S i ﬁ ; 1 s
d<4.54(Se) ) 1™ . % 1. 7.7 keal mol” \ P
" H C NO S Se Oev®-- 273 keal mol U %

3.-7.0 keal mol”! 1. -8.2 kcal mol™

[1] I. Pordevi¢, M. Popadi¢, M. Sarvan, M. Petkovi¢-Benazzouz, G. Janji¢, Acta Cryst. B76
(2020) 122-136.
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IMPUMEHA ®OTOHCKHUX KPUCTAJIA Y OITUYKUM BJJAKHUMA

Jb. Ky3manoBuh?, M. KopaueBuh?

& [Ipupoono-mamemmuuxu paxynmem, Paodoja /lomanosuha 12, 34000 Kpaeyjesay
e-mail: ljubica.kuzmanovic@pmf.kg.ac.rs

OnTHYKM aHAJOTOH KPUCTANHOj peImeTKH je (OTOHCKa KpHCTanHa pemeTka. DOoToHCKa
pelIeTKa MpeAcTaBjba NEPHOJMYHY DEINETKY Koja ce KapaKTepHulle MNepHOTMYHOM IPOMEHOM
JHENISKTPUYHEe KOHCTaHTe y oApeheHHM mpaBhyuMa. Y OIHOCY Ha OOMYHY KPHCTalHY PELICTKY,
aTOMH WJIH MOJIEKYJIH Cy 3aMCHCHH MAaKpPOCKOIICKMM MaTepHjaluMa KOjH HMajy pa3JIMduTe
JMCNICKTPUYHEe KOHCTaHTe (MHIEKCEe MpellaMama), 0K je IOTCHIHjal 3aMCeHeH INEePUOANYHOM
JTUCTICKTPUIHOM (PYHKIUjoM. Y (DPEKBEHTHOM CIEKTPY (DOTOHCKHMX KpHCTajia MOTY CE BHICTH
onpehenn ¢pexsentHu npouenu [1]. EnxekrpoMarHeTHu Tanacu Koju uMmajy (peKBEHLH]y Koja
npunana 3a0pameHo] 30HM ce HEe MOTY HpOCTHpaTH Kpo3 (oToHckHu kpuctan. OBo ce Moxke
HUCKOPHCTUTH 33 KOHTPOJHCAKC MPOCTHPama CBETIOCTH [2]. THOMYHH TPeCcTaBHHUK
JBOAMMEH3MOHAIHUX (POTOHCKHX KpUCTana cy (POTOHCKO KPHCTaJHa onTHYKa BiakHa [3]. Y oBom
pany je MpencTaB/beH YTHIlA] mapameTapa (POTOHCKOT KpHCTajga Ha MPOMEHY HOPMAaM30BaHE
yraoHe pacrojielie Ha u3ja3zy ca Qy)KWHOM, 3a BJIaKHA CauMi-eHa OJ] CTAKJICHOT je3rpa U JiBa clioja
(hoToHCKHX KpHcTana Koja unHe oMmoTade je3rpa [4]. [llupuna pacrozene ce Mema Ay BIaKHA J10
MOCTH3akha CTallMOHapHe pacrojene MonoBa. OBaj mpolec 3aBUCH Of mapamerapa (POTOHCKOT
KPHCTaja KOjU YMHHU YHYTpalllbd OMOTad, Kao W OJ ycjoBa noOyluBama CBETIOCTH Ha yliasy.
Hcnurtanu cy ciydajeBH Kaja ce y YHyTpalllhbeM OMOTady Haja3e JiBa M 4YETHPH IpPCTeHa
Ba3AyIIHUX UIyIUbMHA, KOj€ 3alpaBo MpeacTaBiba)y (oToHCKH Kpuctall. PacTojame Ha KojeM
J0JIa3| 10 CTAllMOHAPHE pacrojesie MOJOBA je Mame 32 BIIAKHA Ca JIBAa HEro 3a BJaKHA ca YETUPH
NpCTeHa Ba3AyLIHUX MYIUbHHA Y YHYTPALIBEM OMOTATY.

[1] Philip St. J. Russell, Photonic crystal fibers, Science, 299 (2003) 358-362

[2] J. D. Joannopoulos, R. D. Meade, and J. N. Winn, Photonic Crystals: Molding the Flow of
Light (Princeton U. Press, Princeton, N. J., 1995)

[3] J. C. Knight, T. A. Birks, R. F. Cregan, P. St. J. Russell, J.-P. de Sandro, Large mode area
photonic crystal fibre, Electronics Letters, 34(13) (1998) 1347-1348

[4] M. Kovacevi¢, Lj. Kuzmanovi¢, A. Simovi¢, S. Savovi¢, A. Djordjevich, Transients of modal-
power distribution in multimode solid-core W-type photonic crystal fibers, Journal of Lightwave
Technology, 35(20) (2017) 4352-4357
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The optical counterpart of the crystal lattice is the photonic crystal lattice. Photonic lattice is
the periodical lattice characterized by a periodical variation of dielectric constant in one or more
directions. Compared to a regular crystal lattice, atoms and molecules are replaced by macroscopic
materials that have different dielectric constants (indices of refraction), and the electric potential is
replaced by a periodical dielectric function. There are photonic bandgaps in the frequency spec-
trum of the photonic crystal fibers [1]. Electromagnetic waves of a frequency belonging to a
bandgap of a photonic crystal fiber cannot be transferred through that fiber. This quality can be
used for controlling the propagation of light [2]. Typical representatives of two-dimensional pho-
tonic crystals are photonic crystal fibers [3]. In this paper, we have shown the influence of the
photonic crystal parameters on the evolution of the normalized output angular power distribution
with fiber length, for fibers made of a solid silica core and two layers of photonic crystals that
make the claddings of the photonic crystal fiber [4]. The distribution width varies along the fiber
length until reaching its steady-state. This process varies with the intermediate layer’s parameters
as well as with the excitation conditions. We have investigated the cases when there are two or
four rings of air-holes in the intermediate layer. These rings of air-holes actually make the photon-
ic crystal. The distance at which the steady-state occurs is shorter for fibers with two than for those
with four rings of air-holes in the intermediate layer.

[1] Philip St. J. Russell, Photonic crystal fibers, Science, 299 (2003) 358-362

[2] J. D. Joannopoulos, R. D. Meade, and J. N. Winn, Photonic Crystals: Molding the Flow of
Light (Princeton U. Press, Princeton, N. J., 1995)

[3] J. C. Knight, T. A. Birks, R. F. Cregan, P. St. J. Russell, J.-P. de Sandro, Large mode area
photonic crystal fibre, Electronics Letters, 34(13) (1998) 1347-1348

[4] M. Kovacevi¢, Lj. Kuzmanovi¢, A. Simovi¢, S. Savovi¢, A. Djordjevich, Transients of modal-
power distribution in multimode solid-core W-type photonic crystal fibers, Journal of Lightwave
Technology, 35(20) (2017) 4352-4357
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FLUORINACIJA AROMATICNIH GRUPA. EFEKAT
KOORDINOVANJA NA ATOM FLUORA
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Zamena vodonikovog atoma atomom fluora ima znacajne elektronske posledice i moze
dramati¢no da promeni osobine i supramolekulski profil jedinjenja [1].

Statisti¢ka analiza kristalnih struktura iz Kembricke baze strukturnih podataka pokazuje da su
najbrojnije one strukture kod kojih je ugljenikov atom vezan za interagujué¢i atom fluora. One u
kojima je fluor vezan za aromati¢nu grupu su malo manje zastupljene. Distribucija geometrijskih
parametara (Slika 1) ukazuje na nedostatak jasne tendencije prema nekim odredenim vrednostima
parametra d. OpaZa se da aromati¢ne grupe imaju malo izraZeniju tendenciju ka kra¢im d rastojan-
jima (Slika 1) u poredenju sa kontaktima sa alkil grupama (maksimumi d rastojanja su u opsegu od
3,1 A do 3,3 A). U oba slucaja, strukture sa trans orijentacijom (torzioni ugao T je u opsegu od
160° do 180°) su ucestalije u odnosu na strukture sa cis orijentacijom (0<T<20°). Brojne su i
strukture sa uvijenom geometrijom (20<T<160°).

Efekat koordinovanja je pracen na uobic¢ajenim C-H/F i F/F interakcijama u kristalnim
strukturama fluoro-jedinjenja. Ne postoji znafajna promena u elektrostatickom potencijalu F
atoma izazvana koordinovanjem atomati¢nih fluorida a to rezultuje malim promenama u ja¢ini C-
H/F i F/F interakcija i primetnim ja¢anjem onih interakcija koje ukljuéuju n-sisteme ((F/x i C—H/
n interakcije).

- :t. =
csD b
\ " -3.12 kcal/mol
- N
/ koordinovanje
Yt g g o L
/1;,’ e _i{_\)g_ o
L ‘ ¥
[ ; g
4 ['L\> o \*}\_.;..._ o= '&
bS 57 / 2 sog P a7 A\ ™ -',&‘ ~ e
| nadlblln 3
P N
JUBBooooe )w_ -3.51 keal/mol
Slika 1. i e bmamm .o
T(®)

[1] K. Gak Simi¢, I. Pordevi¢, A. Lazi¢, L. Radovanovi¢, M. Petkovi¢-Benazzouz, J. Rogan, N.
TriSovi¢, G. Janji¢, CrystEngComm, 23 (2021) 2606-2622.
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The replacement of hydrogen atom by fluorine has significant electronic consequences and can
dramatically change the properties and supramolecular profil of compounds [1].

Statistical analysis of crystal structures obtained from Cambridge Structural Database (CSD)
showed that the most numerous are structures in which carbon atom is bound to interacting fluo-
rine atom. The structures in which fluorine is bound to aromatic group are slightly less represent-
ed. The distribution of geometrical parameters (Figure 1) shows that there is no clear tendency
toward some certain values of d distance, however, the aromatic groups have a slightly pro-
nounced tendency toward the shorter d distances (Figure 1) in comparison to contacts with the
alkyl groups (maximum is in the range from 3.1 to 3.3 A). In both cases, structures with trans
orientation (torsional angle T is in range from 160 to 180°) are more frequent than structures with
cis orientation (0<T<20°). The structures with twisted geometry (20<T<160°) are also very nu-
merous.

The effect of coordination have been considered through the most common C-H/F and F/F
interactions of fluoro compounds in the crystal structures. There is no a significant change in the
electrostatic potential of the F atoms due to coordination of aromatic fluorides, resulting in slight
changes in the strengths of the C—H/F and F/F interactions, and in noticeable enhancement of
interactions involving the n-system (F/x and C—H/ = interactions).
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Trisovié, G. Janji¢, CrystEngComm, 23 (2021) 2606-2622.
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CHUHTE3A U KPUCTAJIHA CTPYKTYPA
cis-equatorial-Na[Rh(Hed3ap)Cl]-2,22H.0 KOMIIJIEKCA

Mapko Panosanosuh?® Mapuja Puctuh®, Maja Bykuh?®, UrmaT ®uinunouh?,
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Heopeancka xemuja, Friedrich-Alexander University Erlangen-Nirnberg (FAU), Egerlandstrafie
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OBaj KOMIUJICKC je CHHTETHCAH IO MPOIEAYPH Koja je mpuMermeHa 3a nooujame Rh(II) koMruiekca
ca xekcamentatHuM EDTA tumom mwuranaga [1]. Hakon emyumpama ca 0,1 M NaCl, na
xpomarorpadckoj KOJIOHH je AETEKTOBAHO IMET )KYTuX Tpaka. CBe Tpake cy M30J0BaHe, yIapeHe 10
Malkx 3anpeMuHa, obecosbene kopuinhemem Sephadex G-10 cmone, a oHma ymapeHe [0
sanpemune oko 5 Ml. Hakon nomatka 3-4 ml eraHona y cBaky Tpaky, paCTBOPH Cy OCTaBJbECHH Y
¢bpwxuaepy Hekosnmko naHa. JKytu kpuctanu tpake |V cy cakylmbeHHM W OCYLICHH Ha Ba3ayXy.
Jobujenn KpucCTaau MpeACTaBibajy Komiwieke Cis-equatorial-Na[Rh(Hed3ap)Cl]-2,22H,0.
Kpucranorpadcku nogany: TPUKIMHAYHA CHCTEM, NPOCTOpHA rpyna P 1, BenuumHa Kpucraia
0,23 x 0,11 x 0,07 mm®, a = 6,4533(3), b = 8,0947(5), ¢ = 16,8953(12) A, a = 100,709(5), S =
91,127(5), y = 93,069(6)°, V = 865,56(9) A%, Z=2,p =1,936 g cm?, x = 1,22 mm™*, R = 0,017,
WR =0,041.

Cnuka 1. AcumerpuuHa jeaununa cis-equatorial-Na[Rh(Hed3ap)Cl]-2.22H,0

[1] M. S. Jeremi¢, M. D. Radovanovi¢, F. W. Heinemann, M. M. Vasojevi¢, Z. D. Matovié,
Polyhedron, 169 (2019) 89-101.
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This complex was prepared by the procedure used to make Rh(Ill) complexes with hexadentate
edta-type of ligands [1]. After elution with 0.1 M NacCl, five yellow bands were detected on the
chromatographic column. All bands were separated, evaporated, desalted using Sephadex G-10
resin and evaporated to ca. 5 ml. After the addition of 3 to 4 ml of ethanol, the solutions were left
in a refrigerator for several days. After several days, the yellow crystals of the band IV were col-
lected and air-dried. The obtained crystals represent a complex of cis-equatorial-
Na[Rh(Hed3ap)Cl1]-2.22H,0. Crystal data: triclinic, space group P 1, crystal size 0.23 x 0.11 x
0.07 mm?®, a = 6.4533(3), b = 8.0947(5), ¢ = 16.8953(12) A, a = 100.709(5), S = 91.127(5), y =
93.069(6)°, V = 865.56(9) A%, Z=2,p=1.936 gcm?3, x=1.22 mm*, R =0.017, wR = 0.041.

Figure 1. The asymmetric unit of cis-equatorial-Na[Rh(Hed3ap)Cl1]-2.22H,0

[1] M. S. Jeremi¢, M. D. Radovanovi¢, F. W. Heinemann, M. M. Vasojevi¢, Z. D. Matovi¢,
Polyhedron, 169 (2019) 89-101.
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MOLEKULSKI, JONSKI | POLIMERNI KOMPLEKSI CINKA SA
NITRODERIVATIMA HINOLIN-8-OL
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U ovom radu opisano je pet novih kompleksa cinka(ll), [Zn(dNQ)2(H20).]-1,4-dioxane
(1), [Zn(dNQ)2(H20)2] (2), NH2(CHs)2[Zn(CINQ)s]'DMF (3), K[Zn(CINQ)s:]-2DMF (4) i
{Na[Zn(CINQ)(SO4)(H20)1}n (5), koji sadrze molekule nitro-derivata 8-hidroksihinolina: HANQ =
5,7-dinitrohinolin-8-ol i HCINQ = 5-hloro-7--nitrohinolin-8-ol. Svi kompleksi su okarakterisani IC
spektroskopijom, elementarnom analizom i rendgenskom strukturnom analizom. Kompleksi 1 i 2
imaju slicne molekularne strukture, u kojima je atom Zn(ll) trans-koordinovan sa dva
N,O-koordinovana dNQ molekula u ekvatorijalnoj ravni. Aksijalne polozaje zauzimaju dva
molekula vode, formiraju¢i deformisanu oktaedarsku geometriju. Osim toga, kompleks 1 sadrzi
jedan rastvoreni molekul 1,4-dioksana. Kompleksi 3 i 4 su jonski sa istim [Zn(CINQ)s] anjonom u
kome se za atom Zn(Il) koordinuju tri molekula CINQ sa atomima azota i kiseonika koji su
koordinovani na mer-nacin. Negativno naelektrisanje anjona uravnotezeno je nekoordinovanim
NH2(CHs).*- (3) i K*-katjonima (4). Kompleks 4 takode sadrzi jo$ jedan nekoordinovani molekul
DMF. Kompleks 5 ima polimernu strukturu, u kojoj je atom Zn(ll) penta-koordinovan sa jednim
bidentatnim molekulom CINQ, jednim molekulom vode i sa par kristalografski ekvivalentnih
sulfatnih anjona, koji medusobno povezuju susedne atome cinka i formiraju cik-cak lanac. Osim
toga, kompleksni anjoni su takode povezani jonskim interakcijama izmedu atoma kiseonika sa
delimi¢nim negativnim naelektrisanjem i katjonom natrijuma.

Zahvalnica: Ovaj rad je finansijki podrzan od strane Slovak Grant Agencies (VEGA 1/0148/19,
APVV-18-0016, VVGS-PF-2020-1425 i VVGS-PF-2021-1772).
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In this work we describe five new zinc(Il) complexes, [Zn(dNQ)2(H20).]-1,4-dioxane (1),
[Zn(dNQ)2(H20)2]  (2), NH2(CH3)2[Zn(CINQ)3]-DMF (3), K][Zn(CINQ);]-2DMF (4) and
{Na[Zn(CINQ)(SO4)(H20)1}n (5), containing molecules of nitroderivatives of 8-hydroxyquinoline:
HANQ = 5,7-dinitroquinolin-8-ol and HCINQ = 5-chloro-7-nitroquinolin-8-ol. All complexes were
characterized by IR spectroscopy, elemental analysis and X-ray structure analysis.

Complexes 1 and 2 have similar molecular structures, in which Zn(ll) atom is trans-
coordinated by two N,O-coordinated dNQ molecules in the equatorial plane. Axial positions are
occupied by two water molecules, forming a deformed octahedral geometry. In addition, complex
1 contains one solvated molecule of 1,4-dioxane.

Complexes 3 and 4 are ionic with the same [Zn(CINQ)s]~ anion in which Zn(lIl) atom is coor-
dinated by three molecules of CINQ with nitrogen and oxygen donor atoms coordinated in mer-
fashion. The negative charge of the anions is counterbalanced by uncoordinated NHz(CHz)2* (3)
and K* cations (4). Complex 4 also contains one more uncoordinated molecule of DMF.

Complex 5 has polymeric structure, in which Zn(I1) atom is penta-coordinated by one bidentate
molecule of CINQ ligand, one molecule of water and a pair of crystallographically equivalent
sulfate anions, which interconnect adjacent zinc atoms to form a zigzag chain. In addition, com-
plex anions are also connected through ionic interactions between oxygen atoms with a partial
negative charge and sodium cation.

Slovak Grant Agencies (VEGA 1/0148/19, APVV-18-0016, VVGS-PF-2020-1425 and VVGS-
PF-2021-1772) are acknowledged for financial support.
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Serija od pet kompleksa bakra(Il) pripremljena je iz sistema koji sadrzi Cu(ClO4)2-phen-
C-(CN)s u vodenom/metanolnom ili vodenom/etanolnom rastvoru
(phen, od engl. 1,10’-phenanthroline). Razli¢iti molski odnos Cu : phen : C(CN); i razli¢ita
temperatura sinteze dovode do stvaranja jonskih i polimernih struktura, sa monodentatnom ili
bidentatnom koordinacijom tricijano-metanida (tcm). U nekim slucajevima ovaj molekul je
prisutan kao slobodni anjon. Strukturna raznolikost ovog anjona je dobro poznata i zapazena su
zanimljiva magnetna svojstva za tcm-komplekse [1]. Jedan od ovih kompleksa ops$te formule
[Cu(phen)(u-C(CN)3)2] formira dva izomera sa razli¢itom polimernom strukturom (slika 1). Svi
pripremljeni kompleksi su okarakterisani CHN analizom, infracrvenom spektroskopijom i ispitana
je njihova kristalna struktura.
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Slika 1. Jednodimenzionalne kristalne strukture izomera [Cu(phen){u-C(CN)s}.] u
P1 prostornoj grupi (a) [Cu(phen){u-C(CN)s}C(CN)s] u P21/n prostornoj grupi (b).

Zahvalnica: Ovaj rad je podrzan od strane APVV-18-0016 VEGA 1/0148/19.

[1] S. R. Batten, K. S. Murray, Coordination Chemistry Reviews, 246 (2003) 103-130.
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The series of five copper(ll) complexes was prepared from system containing
Cu(ClO4); — phen — C(CN); in aqueous/methanolic or aqueous/ethanolic solution
(phen = 1,10’-phenanthroline). Different molar ratio Cu : phen : C(CN)3 and different temperature
of syntheses lead to formation of ionic and polymeric structures, with monodentate or bidentate
coordination of tricyanomethanide (tcm). In some cases this molecule is present as free anion. The
structural diversity of this anion is well known and interesting magnetic properties were observed
for tcm complexes [1]. One of this complexes with general formula [Cu(phen)(z-C(CN)s),] forms
two isomers with different polymeric structures (Figure 1). All prepared complexes were charac-
terized by CHN analyses, infrared spectroscopy and their crystal structures were investigated.
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Figure 1. The one-dimensional crystal structures of izomers [Cu(phen){u-C(CN)s}.] in
P1space group (a) and [Cu(phen){u-C(CN)3}C(CN)3] in P2:/n space group (b)

Acknowledgement: This work was supported by the APVV-18-0016 grant and VEGA grant
1/0148/19.

[1] S. R. Batten, K. S. Murray, Coordination Chemistry Reviews, 246 (2003) 103-130.
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XunpodoOHe HaHouecTHIle Ha 0a3u MarHeTHOr TIBoXhe OKcHIa OOJIOKEHE OJIEMHCKOM
kucennHoM (OA), moOHMjeHe TEPMHUYKUM pasjiaralbeM COJIM MeTall alleTHIalleToHara, MoKasyjy
nobap MOTEHIMjal 3a IPUMEHY y MarHetHoj xwumeprepmuju [1]. HbuxoBa ycka pacmozmena
BeIMYMHA, J00pa KPUCTAIMHUYHOCT W MarHeTHa CBojcTBa omoryhaBajy edukacHy
TpaHChOpMaNHjy eJIeKTpOMarHeTHe CHEpruje y TOmIoTy. 3a ymorpedy y MEIUIMHCKO]
IUjaTHOCTUIIM H JIeUYely, HAHOYECTHIle Mopajy Ourn OmokommarudOmine. [IpeBoheme
xuapo(oOHNX HAHOYECTHIA y BOJEHY CYCIIEH3Hjy OOMYHO C€ M3BOJM ITOCTYIIKOM pa3MeHe HIIN
JI0/1aBarba JINTaH/a.

Y 0BOM pagy CMO IpOy4YaBajli XHIIEPTEPMHjCKY CIOCOOHOCT HaHOYecTHla rBoxhe oxcuia
JONMPaHUX LUHKOM M o0noxeHnx OA Mouekyinma, obauka oOnyTka. Belinna HaHouecTHua je
BenimunHe ox 7 no 20 nm (TEM). VY3opak kpucranuiie y KyOHOj pEIIETKH CHHHeNla ca
napametpom pemetke a = 8,4116(2) A. MukpocTpykTypHa aHaiu3a je ToKa3ama Ja MOCTOju
OTpaHWYEH pacT KpucTanurta ayx mnpasia [1], mro ykasyje Ha moryhe momepame (IpoMeHy
nonoskaja) okraeaapcku koopaunucanor Fe(lll) joma nyx mpasua [1]. Ycpemmena BennunHa
Kkpucranuta je 12(1) nm.

C nmpyre ctpase, pobe panu, mporec obiarama OHOKOMIATHOWIHIM U HETOKCHYHHAM CIIOjeM
anaraca (TiO,) u3BeneH je Ha HaHouecTuiaMa mMarHetuTa (Fes0s) y XuaApoTepMaIHUM YCIOBUMA.
Tutanujym terpabyTokcup je xopuinhieH kao u3Bop Ti jona. Hakon ucnmparwa u xapema Ha T >
400 °C, amopdHHM ciI0j THTAHHMjyM OKCHJA Ipeja3d y KpUCTAHU CJI0j aHaTtac Qase, JIOK ce
kyOnuHa Fes04 dasza nenmmmuyano Tpancdopuire y o-Fe,03 dasy.

Kako 6u ce mocrturiie MakcuMaiHe nepdopMaHce 3a NMPUMEHY y allCOpIIIMjU MarHeTHUX U
CJICKTPOMAarHeTHUX Tajaca IOTPEOHO je YCIocTaBUTH oaroBapajyhm mnocrymak oOnarama
MarHeTHUX HaHouecTHIla okcumaa reoxha ciojem TiO,. XubpuaHe CTpyKType THIIA je3rpo/ibycka
Ha 0asu rBOXhe-okcua/TiOz, mopen Tora INTO Ce MOTY KOPHCTHTH KA0 areHCH Yy MAarHeTHO]
XHUIEePTePMHjH, MOTY Hahu MpUMeHY U Y (OTO-eIMMUHAIM]H NaTOTeHUX OaKTepHja 3aXxBajbyjyhu
(hoTOKaTANMUTHYKNM OCOOMHAMa TUTAHW]yM OKCHTHOT CJIOja.

[1] N. Jovi¢ Orsini, M. M. Mili¢ and T. E. Torres, Nanotechnology, 31 (2020) 225707.
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ZINC SUBSTITUTED IRON OXIDE NANOPEBBLES FOR MAGNETIC
HYPERTHERMIA - FROM ORGANIC TO AQUEOUS MEDIUM BY
BUILDING TiO2-IRON OXIDE COMPOSITES

N. Jovié¢ Orsini @, M. M. Mili¢ 2

a|nstitute of Nuclear Sciences “VINCA ”, National Institute of the Republic of Serbia, University of
Belgrade, P.O. Box 522, 11001 Belgrade, Serbia

e-mail: natasaj@vin.bg.ac.rs

Hydrophobic, oleic acid (OA) coated magnetic iron oxide-based nanoparticles, produced by
thermal decomposition of metal acethylacetonate precursors, is good candidate for magnetic hy-
perthermia [1]. Their narrow size distribution, good crystallinity and magnetic performances, ena-
ble efficient transformation of electromagnetic energy into heat. For used in medical diagnosis and
treatments, nanoparticles must be biocompatible. Transfer of hydrophobic nanoparticles into the
water usually consider ligand exchange or ligand adding approaches.

Herein, we studied magnetic hyperthermia performances of OA-coated zinc-substituted iron
oxide nanoparticles, pebbles-like in shape. The size of most nanoparticles is in the range 7-20 nm
(TEM). The sample crystallized in the cubic spinel lattice with the lattice parameter a = 8.4116(2)
A. Microstructural analysis revealed suppression of the crystallite growth along [1] direction, indi-
cating on a possible displacement of the octahedrally coordinated Fe®* ion along a [1] direction.
The average apparent size has been found to be 12(1) nm.

For the sake of evidence, the process of coating with biocompatible and non-toxic anatase TiO;
layer has been performed on pure magnetite (FesO4) nanoparticles under hydrothermal conditions.
Titanium tetrabutoxide has been used as a Ti source. After washing and annealing at T > 400 °C,
the amorphous titania layer changed into crystalline TiO2 layer, while, cubic FesO4 phase partially
transfered into o-Fe;0s.

The procedure of coating magnetic iron oxide nanoparticles with TiO- layer should be properly
established in order to get maximum performances for the magnetic and electromagnetic wave
absorption applications. Besides possible use as magnetic hyperthermia agents, iron oxide/TiO;
core/shell structures can also find application in photokilling of pathogenic bacteria thanks to pho-
tocatalytic performance of titania laye
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[1] N. Jovi¢ Orsini, M. M. Mili¢ and T. E. Torres, Nanotechnology, 31 (2020) 225707.
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VY nperxonuHM paxouma [1] m [2] ommcanu cMo Monene Ba3OyIIHO XialjeHe LEBH
MHCTaJINpaHe y 1abopaTopujcKoj MumuHApuIHOj nehu. OBae cMo ommcanyu HOB MOJEN Ba3ayIIHOT
xnmanmaka (Cin.l). Xmaamak omoryhaBa jlaky peryianujy M CHMYJTaHE TECTOBE Pa3IMUUTHX
KPHUCTAIM3ALMOHNX TTapaMeTapa U KpUCTAIU3alnjy CyNCTaHIH Y Ja00paTOPHjCKO] LMIIMHIPUIHO]
nehu. V3BeneHe cy M HyMEpHYKH aHalM3MpaHe penanyje u3Mel)y Op3uHe Kpucranusanuje H
napaMeTapa Ba3ayllHo xyaljeHe 1eBu.

SOE®® @

s S =

o O

O © 0 0 © 0o © O 9O O O

Cmuka 1. Kpucrammsannona monwuma. (1) mabopatopujcka mumHapuuna meh, (2) KOHTHHyaTHO
npoMeHJbuBH TpaHcdopmarop, (3) BasayiuHo xiaheHa nee  (“kpucrtanmsanuona nosuua ) (4)
"xamuu npar”, (5) nokperan "xmagun wen” (6) tura, u (7) TamaHoBa TeCT empyBerTa .

I

WuTepBan Op3uHe KpHUCTATU3aIMje Y CBakoj TaMaHOBO] TECT €MPYBETH U TUTIY MOXKE 1a
Oyne perynucan noMohy momnpeyHOT mpeceka Ba3myllHe cTpyje a. ['panujeHT TeMmeparype Moxe
na Oyne perynucaH momohy pacrojama u3mely BasmymHo xnmahjeHe wneBu u 3unma nehum  Db.
WHTtepBan Op3uHe KpuCTanu3alyje y CBAaKOM THINIy Moxe Takohe na Oyne perynucadH momohy
JyXKHHE Yera C M pacTojara INaBe Yera o MoBplrHa pactona d .

[1] B. Cabric, A. Janicijevic, N. Danilovic, Crystallography Reports., 58 (2013) 198-200
[2] A. Janicijevic, N. Danilovic, Kragujevac J.Sci., 40 (2018) 19-22
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CRYSTALLIZATION SHELF
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In previous papers [1] and [2] we have described a models of air cooled tube installed in a
laboratory tube furnace. Here we describe the new model of air cooler (Fig. 1). The cooler allows
easy regulation and simultaneous tests of different crystallization parameters and crystallization of
substances in laboratory tube furnace. The relationships between the crystallization rate and
parameters of air-cooled tube are derived and numerically analyzed.

DO®©® @

—( f%g A 0=
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Figure 1. Crystallization shelf. (1) laboratory tube furnace, (2) continuously changeable trans-

former, (3) air cooled tube (" crystallization shelf ), (4) "cold threshold"”, (5) movable "cold
plug", (6) crucible, and (7) Tamman test tube.

The crystallization rate interval in each Tamman test tube and crucible can be regulated
by the cross section of the airflow a. The temperature gradient can be regulated by the distance
between air cooled tube and wall of the furnace b. The crystallization rate interval in each crucible
can also be regulated by the plug height ¢ and the distance of the plug head from the surface of
the meltd .

[1] B. Cabric, A. Janicijevic, N. Danilovic, Crystallography Reports., 58 (2013) 198-200
[2] A. Janicijevic, N. Danilovic, Kragujevac J.Sci., 40 (2018) 19-22
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ANTIFUNGALNIM AGENSOM EKONAZOLOM

N. Stevanovié?, J. KIjun®, T. Andrejevié?, D. ASanin, I. Turel®, M. Djurand, B. Gli§i¢?

aUniverzitet u Kragujevcu, Prirodno-matematicki fakultet, Radoja Domanovica 12, 34000
Kragujevac, Srbija; PUniverzitet u Ljubljani, Fakultet za hemiju i hemijsku tehnologiju, Vecna pot
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Sintetisan je novi kompleks srebra(l) sa antifungalnim agensom ekonazolom (ecz),
[Ag(ecz).]SbFs. Kompleks je dobijen u reakciji AgSbFei ecz u molskom odnosu 1 : 2 u etanolu na
sobnoj temperaturi, a njegova karakterizacija izvrSena je primenom spektroskopskih (NMR, IR,
UV-Vis), elektrohemijskih metoda (cikli¢na voltametrija) i rendgenske strukturne analize. U ovom
kompleksu, dva molekula ekonazola su monodentatno koordinovana za Ag(l) jon preko atoma
azota imidazolovog prstena, formiraju¢i [Ag(ecz).]* katjon, koji je neutralisan SbFs kontra-
anjonom.

Kristalografski podaci: monoklini¢ni sistem, prostorna grupa P2i/n, veli¢ina kristala
0,1918 x 0,0712 x 0,0460 mm?, a = 15,8651(10), b = 9,0452(4), ¢ = 16,4734(12) A, a. = 90°, f =
118,245(9)°, y =90°, V = 2082,51, Z =2, Z' = 2 px = 2,047 g cm3, u = 1,462 mm'}, R = 4,34%.

Kristalna struktura [Ag(ecz)2]ShbFes kompleksa. Termalni elipsoidi su dati sa 35% verovatnoce, dok
vodonikovi atomi nisu prikazani.
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SYNTHESIS AND CRYSTAL STRUCTURE OF A SILVER(I) COMPLEX
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A new silver(l) complex with the antifungal agent econazole (ecz), [Ag(ecz)2]SbFs, was
obtained from the reaction of AgSbFs and ecz in 1 : 2 molar ratio in ethanol at room temperature.
The synthesized silver(l) complex was characterized by spectroscopic (NMR, IR, UV-Vis) and
electrochemical methods (cyclic voltammetry), while its crystal structure was determined by sin-
gle-crystal X-ray diffraction analysis. In this complex, two molecules of econazole are
monodentately coordinated to the Ag(l) ion via the imidazole nitrogen atom, forming an
[Ag(ecz)2]* cation which is neutralized by the SbFe counterion.

Crystal data: monoclinic crystal system, space group P2i/n, crystal size 0.1918 x 0.0712
x 0.0460 mm?, a = 15.8651(10), b = 9.0452(4), ¢ = 16.4734(12) A, a. = 90°, f = 118.245(9)°, y =
90°,V =208251,Z=2,2" =2 px = 2.047 gcm?, = 1.462 mm™, R = 4.34%.

The crystal structure of [Ag(ecz),]SbFs complex. Thermal ellipsoids are drawn at 35% probability
level and hydrogen atoms are omitted for clarity.
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Novi kompleks srebra(l), [Ag(NO3)(py-2pz)]s, dobijen je u reakciji ekvimolarnih koli¢ina
AgNO:3 i dimetil 6-(pirazin-2-il)piridin-3,4-dikarboksilata (py-2pz) u etanolu na sobnoj tempera-
turi. Sintetisani kompleks srebra(l) je okarakterisan primenom spektroskopskih i elektrohemijskih
metoda, dok je njegova kistalna struktura odredena pomocu rendgenske strukturne analize. U
[Ag(NOs)(py-2pz)]» kompleksu, py-2pz ligand je bidentatno koordinovan za Ag(l) jon preko ato-
ma azota piridinskog i pirazinskog prstena. Dimetil 6-(pirazin-2-il)piridin-3,4-dikarboksilat ima
ulogu mostnog liganda izmedu dva Ag(l) jona, formirajuci polinuklearan kompleks. Koordinacioni
broj jona srebra(l) je cetiri, dok geometrija ispitivanog kompleksa odgovara distorgovanom tetrae-
dru sa 14 i ©4” vrednostima od 0.76 i 0.73.
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Kristalna struktura [Ag(NOz)(py-2pz)], kompleksa. Termalni elipsoidi su dati sa 35%
verovatnoce, dok vodonikovi atomi nisu prikazani.
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A new silver(l) complex, [Ag(NOs)(py-2pz)]s, was obtained in the reaction of equimolar
amounts of AgNOs; and dimethyl 6-(pyrazin-2-yl)pyridine-3,4-dicarboxylate (py-2pz) carried out
in ethanol at room temperature. The synthesized silver(l) complex was characterized by spectro-
scopic and electrochemical methods, while its crystal structure was determined by single-crystal
X-ray diffraction analysis. In this complex, the py-2pz ligand is bidentately coordinated to the
Ag(l) ion through the pyridine and pyrazine nitrogen atoms. The structure of this complex is
polymeric, in which the py-2pz ligand also acts as a bridging ligand between two Ag(l) ions.
Silver(l) ions are four-coordinate with a distorted tetrahedral geometry with t4 and t4” values of
0.76 and 0.73, respectively.
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The crystal structure of [Ag(NO3)(py-2pz)], complex. Thermal ellipsoids are drawn at 35% proba-
bility level and hydrogen atoms are omitted for clarity.
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Meran-oprancke ympexene crpykrype (MOF) cy kimaca HeopraHckux warepujana ca
MOTCHIMjaTHOM TPUMEHOM Yy aJCOPIIHUjH TacoBa, OHOCCH3MOWIM3AIUjH, OWOKATAIM3H W
ucropymu Jekosa [1]. 3eonutcke umugazoncke ympexene crpykrype (ZIF) cy motkmaca MOF-
0Ba MOCeOHO MOTO/HA 32 MMOOMIIH3ANN]Y €H3MMa METOJOM OHOMUMETHYKe MuHepanusanuje [1].
VY oBy cBpxy ce Hajuenthe kopuctu ZIF-8 xoju ce cacroju terpaenapckux jona Zn(ll) moseszanux
NPEeKO MOCTHUX 2-METWIMMHAA30JICKUX JiMraHana. MebhyTtum, Tomosorja ¥ Mopdoioruja
kpucrana ZIF-8 Bapupa y 3aBHCHOCTH 0] €KCIICpHMCEHTAHUX YCJOBa cHHTe3e. Takole, TOKoM
nporeca OHOMUMETHYKE MUHepanu3aluje, GHOKOMIIO3UT CACTaBJbEH OJl eH3UMa HMOOUIH30BaHOT
y ZIF-8 ce ucnmpa mydepuMa u IeTepreHTHMa paid yKIamama BHUIIKA aJcopOOBaHOT €H3WMA,
npu 4emMy Moke NohM 110 XeMHujcke TpanchopMaluje MOBPLUIMHE U HEMOXKEJHHOI OTHYIITarba
ensuma. Crora je y OBOM pajly UCIUTHBAH YTHIIA] IPUPOJIC aHjOHA HA TOMOJOTH]Y U MOP(]OIOTH)Y
ZIF-8, a crabminocT kpucramura ZIF-8 je tectupana y aneraraom mydepy (0,1 M; pH = 5,5) u
pactBopy HarpujyMm-ponxenmicyiadara (o = 10 %). Mopdomoruja kpucrama je mnpaheHa
CKeHHpajyNoM eJIeKTPOHCKOM MHKPOCKOMHjOM, JOK je Tomojiorija oapeljeHa mnpuMeHoM
perarencke audpakimje mpaxa.

[1] C.-X. Jin, H.-B. Shang, Journal of Solid State Chemistry, 297 (2021) 122040.
3axeannuya

Pan je ¢unancupan on crpane Ponnma 3a Hayky Pemybmmke Cpouje (mporpam [MTPOMUC,
npojekatr SYMBIOSIS, #6066997).
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Metal-organic frameworks (MOFs) are a class of inorganic materials with potential application in
gas adsorption, biosensitization, biocatalysis, and drug delivery [1]. Zeolitic imidazolate frame-
works (ZIFs) are a subclass of MOFs, particularly suitable for enzyme immobilization by biomi-
metic mineralization [1]. ZIF-8 consisting of tetrahedral Zn(l1) ions bridged via 2-methylimidazole
ligands (mIM) is most commonly used for this purpose. However, the topology and morphology of
ZIF-8 crystals vary depending on the experimental synthesis conditions. In addition, during the
process of biomimetic mineralization, the biocomposite composed of the enzyme immobilized in
ZIF-8 is washed with buffers and detergents to remove excess of an adsorbed enzyme, which can
lead to the chemical transformation of the surface and undesirable release of the enzyme. There-
fore, the influence of anion nature on the topology and morphology of ZIF-8 was investigated in
this work, and the stability of ZIF-8 crystallites was tested in acetate buffer (0.1 M; pH = 5.5) and
sodium dodecyl sulfate solution (o = 10%). Crystal morphology was monitored by scanning elec-
tron microscopy, while topology was determined using powder X-ray diffraction.

[1] C.-X. Jin, H.-B. Shang, Journal of Solid State Chemistry, 297 (2021) 122040.
Acknowledgement
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0,050 g (0,0015 mol) K,PdCl. se rastvori u vodi i postavi na magnetnu mesalicu. 0,051 g
(0,031 mol) liganda, 2-amino-6-hlorobenzotiazola, rastvori se u 10 mL metanola i u porcijama se
dodaje u vodeni rastvor KoPdCl,. Ligand i KoPdCl, reaguju u odnosu 2:1. Reakcija se izvodi na
sobnoj temperaturi i reakciona smeSa se mesa 1 h. Dobijeni talog je profiltriran, ispran vodom i
susen na vazduhu. Mala koli¢ina taloga je rastvorena u smesi DMF : etanol = 1:1 i rastvor je Cuvan
na sobnoj temperaturi nekoliko dana, nakon ¢ega su dobijeni zuti kristali.

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

Kristalografski podaci: triklini¢ni kristalni sistem, prostorna grupa P1, veli¢ina kristala
0,29 x 0,22 x 0,20 mm?, a=11,4816(7) A, b = 11,8477(6) A, ¢ = 12,2358 (9) A, V = 1403,82(17)
A%iZ=2, px=1,639 g/cm?, u = 1,22 mm™. Uta¢njavanje sa F? (336 parametara i 6484 nezavisnih
refleksija) dalo je R[F? > 26(F?)] = 0,036, wR(F?) = 0,071, S = 1,052.

@or
ca /
9 @cs ‘ Bcis
c3 & c5
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Slika 1. Molekulska struktura kompleksa paladijum(ll) jona sa 2-amino-6-hlorobenzotiazolom
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0.050 g (0.0015 mol) K,PdCls was disolved in water and placed on magnetic steerer.
0.051 g (0.031 mol) of ligand 2-amino-6-chlorobenzothiazol was disolved in
10 mL of methanol and was added in solution of K,PdCl, in porcions. Ligand and K,PdCl4
reacted in molar ratio 2:1. Reaction was performed at room tempetarure and mixture was steered
for 1 h. The resulting precipitates was filtered, washed with water and dried on air. A little amount
of precipitates was dissolved in mixture of DMF : ethanol = 1:1 and solution was kept on
room temperature for several days, after which yellow crystals were obtained.

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

Crystal data: triclinic crystal system, space group P 1 , crystal size
029 x 022 x 020 mmd a = 11.4816(7) A, b = 11.8477(6) A, c = 12.2358 (9) A,
V =1403.82(17) A%iZ = 2, px = 1.639 g/cm®, u = 1.22 mm*. Refinament with F? (336 parameters

and 6484 independent reflections) gave R[F? > 26(F?)] = 0.036, wR(F?) =0.071, S = 1.052.
@os
.cw . . ‘ i
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Figure 1. ORTEP plot for complex of palladium(ll) ion with 2-amino-6-chlorobenzatiazole
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MOJIEKYJICKE U KPUCTAJIHE CTPYKTYPE KOMIIJIEKCA Cd(Il)
CA TUA3ZOJINII-XUIPAZOHUMA

C. MapxkoBuh?®, A. Bummesan®, T. Togoposuh?®, H. ®uinnosuh®
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Uncmumym  Pyhep  Bowkoeuh, bjenuuka yecma 54, 3aepeo, Xpsamcka;
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JlupexTHOM peakuujom JUraHazaa Ha 6a3u THA30JIMWI-XUPa30HA ca
Cd(CH3CO0O0); - 2H,0 y metanony nobujenn cy Heytpanau kommmiekcd [Cd(L1)2] (1) u [Cd(L2),]
(2). Monokpucranu 1pBeHe 060je MOTOAHU 3a PEHATEHCKY CTPYKTYpPHY aHaau3y Cy O0OWjeHH
audy3ujoM mapa IMKIONCHTaHA y PAacTBOp KOMIUIGKCa y MeTHineH-ximopuay. Kommeke 1
KPHUCTAITHIIE Y TIPOCTOPHO]j Tpynu P21/C MOHOKIMHUYHOT KPHCTAIHOT CHCTEMa, TOK KOMILIEKC 2
KPHCTAIMIIE Y MPOCTOPHOj Ipynu P-1 TPHKIMHUYHOT KPUCTAJIHOT cHcTeMa. Y 00a KOMIUIeKca
JMTaHOX CY KOOPJMHOBAaHU Y MOHOAQHjOHCKOM OOJIMKY NMUPHIMHCKOT, HMHHCKOT M THA30JOBOT
aroMa aszorta, (opmupajyhu JBa mertousaHa XeJaTHA MPCTEHA OKO LEHTPAJIHOT METAIHOI jOHa
okraenapcke reomerpuje (Cimka 1). I'aBHM NONPUHOC CTAOMIHOCTH KPHCTAIHOT NAaKOBarbha
KoMIUiekca 1 najy apomaTH4He NMUPUIMH-NUPUINH UHTEepakuuje. [lopen Tora 3acTyIlubeHe Cy U
neknacuune C—H-n u C—H N Bomonuune untepaknuje. KpucraiHo makoBame KOMILIEKca 2 ce
6a3upa Ha AaHAIOTHUM UPUINH-TIUPUIIH apPOMATHYHUM HHTEPaKIHjaMa.

Canka 1. ORTEP
MPHUKa3 MOJIEKYJICKE
crpykrype 1 (;ieBo) u
2 (necuo). Tepmanuu
SJIUTICOUTIH CY
npurkasanu ca 30%
BepoBaTHohe. ATomu
H cy usocraBiseHn
pay nperieHOCTH.
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MOLECULAR AND CRYSTAL STRUCTURES OF Cd(ll)
COMPLEXES WITH THIAZOLYL-HYDRAZONES
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By direct reaction of thiazolyl-hydrazone based ligands with Cd(CHsCQOOQ), - 2H,0 in
methanol the neutral complexes [Cd(L1)2] (1) and [Cd(L2).] (2) were obtained. Red single crystals
suitable  for  X-ray  structural  analysis were obtained by diffusion  of
cyclopentane vapor into a solution of the complexes in methylene chloride. Complex 1 crystallizes
in the space group P2:/c of the monoclinic crystal system, while complex 2 crystallizes in the
space group P-1 of the triclinic crystal system. In both complexes, the ligands are coordinated in
monoanionic form via a pyridine, imine, and thiazole nitrogen atom, forming two five-membered
chelate rings around the central metal ion of octahedral geometry (Figure 1). The main interactions
contributing to the stability of the crystal packing of 1 are aromatic pyridine-pyridine interactions.
In addition, non-classical C—H-w and C—H-N hydrogen interactions are present. The crystal pack-
ing of 2 is based on analogous pyridine-pyridine aromatic interactions.

Figure 1. ORTEP
drawings of
molecular structures
of 1 (left) and 2
(right). Thermal
elliposides are shown
at the 30% probability
level. Hydrogen
atoms are omitted for
clarity.
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[Tupa3onoHcKH JepvBaTH BaHWIMHA W TPUMETOKCHMOeH3aljexuaa JoOujeHH Ccy y
peakuuju S-metui-2,4-nuxuapo-3H-mupason-3-oHa ca onropapajyhium anmexuauMa y mpuUCYCTBY
JOHCKe TEYHOCTH JMETaHOJIAMOHH]yM-XUIpOreHCyIdaTta Kao KaTanu3aTopa. 3a
mpeKkpucTaIn3andjy npomsBoma 1 xkopumiheHa je cmema MeTaHoma u Bome (2:1), a 3a
NPEKPHUCTANTN3ALH]Y TPOU3BOJA 2 CMellla IIpoIaHoia, etanoa u Boge (1:1:1).

40 . o("' 'o
‘< S U)\ ‘., ' : f,/‘ k\/..\(_

CTpykTypHa aHaiW3a je TMokazaja Ja JOOWjeHa jeluberha CaapiKe CYNCTUTYHCAaHH OCH3EHOB
NpPCTEH IIOBE3aH ca JBe TayToMmMepHe (opMe MOJa3HOI MUPa30JioHa. XHAPOKCHUIIHH JIOHOP |
KapOOHWJIHU aKkienTop GOopMHUpajy jaKy YHYTapMOJEKYJICKY BogoHnuHy Be3y (H...O pacrojama ox
1.64(5) u 1.59(6) A y jenumemy 1, omHOCHO Y jequmery 2). [lopen pasiHuuTUX CyNCTHTyeHATa
NPUCYTHUX Ha OCH3CHOBOM IIPCTEHYy, TNIABHA CTPYKTYpHA pasiunka u3Mel)y Monekyma je y
pa3MuuToj pOTalMju OEH3EHOBOI' y OJHOCY Ha IHpa3oJjoHCKe mpcTeHoBe. Obe KpucranHe
ctpykrype cy crabmimmzoBade O—H..N u N-H...O Bomonmunum Beszama. [IpucycTBo Monekyna
MPOTAHOJIAa KA0 COJIBEHTAa y KPHCTAIHO] CTPYKTYPH 2 3HAYajHO McHha MIeMy MeljyMoeKkyJIcKux
UHTEpaKIfja y OHOCY Ha CTPYKTYpy 1.

Osaj pad je nodpocan 00 cmpane Munucmapcmea npocéeme, Hayke U MEXHOIOUKOZ
passoja Penybnuxe Cpo6uje (npojexamu: 451-03-9/2021-14/200122 u 451-03-9/2021-14/200378).
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Pyrazolone derivatives of vanilline and trimethoxybenzaldehyde were obtained in the re-
action of 5-methyl-2,4-dihydro-3H-pyrazol-3-one with the corresponding aldehydes in the pres-
ence of diethanolammonium hydrogensulfate as a catalyst. A mixture of methanol and water (2:1)
was used for the crystallization of product 1, and a mixture of propanol, ethanol, and water (1:1:1)
was used for crystallization of product 2.
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Single crystal X-ray diffraction analysis shows that both compounds consist of a substituted
benzene ring connected with two tautomeric forms of starting pyrazolone. Hydroxy donor and
carbonyl acceptor form a strong intramolecular hydrogen bond (H...O distances are 1.64(5) and
1.59(6) A in 1 and 2 respectively). Apart from the different substitunets on the benzene ring, the
main structural difference between the molecules 1 and 2 is related to a different realtive rotation
of the corresponding benzene and pyrazolone rings. Both crystal structures are stabilized by O—
H...N and N-H...O hydrogen bonds. The presence of propanole molecule as a solvent in structure
2 significantly changes the intermolecular hydrogen bonding pattern in comparison to 1.

This research was supported by the Serbian Ministry of Education, Science and Technological
Development (Agreements No. 451-03-9/2021-14/200122 and 451-03-9/2021-14/200378).
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FOTOKATALITICKA RAZGRADNJA BOJE RO16 POMOCU
HIDROTERMALNO SINTETISANIH KOMPOZITA CeO2/ZnO

B. Simovi¢ 2, G. Brankovi¢ 2, A. DapéeviéP®

2 Institut za multidisciplinarna istrazivanja, Univerzitet u Beogradu, Kneza Viseslava 1, 11030
Beograd, Srbija; °  Tehnolosko-metalurski  fakultet,  Univerzitet —u  Beogradu,
Karnegijeva 4, 11120 Beograd, Srbija
e-mail: bojanasimovic@imsi.bg.ac.rs

Cink-oksid je poznati fotokatalizator koji se wuglavnom Koristi za razgradnju
organskih zagadujucih suspstanci u vodi uz pomo¢ vestacke ili sunéeve svetlosti [1, 2]. S druge
strane, modifikovanje poluprovodnog fotokatalizatora drugim oksidima moZe poboljsati
fotokataliticku aktivnost usled sinergijskog efekta pojedinac¢nih oksida u smislu povecanja
adsorpcije i Sirenja oblasti mogucih talasnih duzina za apsorpciju
svetlosti.

Da bi se odredio optimalan sadrzaj CeO> za najbolju fotokataliti¢ku aktivnost ZnO, vodeni
rastvor Zn(NOs), sa razliitim sadrzajem Ce(NOs)s (0; 2,5; 5 i 10 mol.%) tretiran je
hidrotermalnim postupkom na 180 °C tokom 18 h u prisustvu NHs(aq). Dobijeni uzorci ispirani su
destilovanom vodom i etanolom, centrifugirani i suSeni na 105 °C tokom 3 h. Strukturna,
mikrostrukturna, opticka i fotokataliticka svojstva dobijenih
prahova ispitana su  rendgenskom  difrakcijom praha (XRPD), skeniraju¢om
elektronskom mikroskopijom (FESEM), transmisionom elektronskom mikroskopijom (TEM) i
UV-Vis spektroskopijom. Fotokataliticka aktivnost dobijenih kompozita
ispitana je na tekstilnoj azo-boji reaktivno narandzasta 16 (RO16, od engl. Reactive Orange 16) i
uporedena je sa jednofaznim ZnO.

XRPD rezultati su pokazali da je jednofazni ZnO (heksagonalna struktura vircita, prostorna
grupa P63mc) dobijen u sintezi bez Ce(NOz)s. Ako je sadrzaj Ce(NOs)sbio 2,5; 5 ili 10 mol.%,
dobijeni uzorci sadrzali su sme$u ZnO i CeO (struktura fluorita, prostorna grupa Fm3m).
Izrac¢unati fazni sastavi proizvoda dobro odgovaraju polaznim sastavima, ¢ime je potvrdeno
nastajanje kompozita CeO,/ZnO sa razli¢itim molarnim odnosima. Kako se sadrzaj CeO:
poveéavao primeéeno je blago smanjenje zapremine jedini¢ne éelije ZnO, sa 47,950(4) A® za
jednofazni ZnO na 47,726(4) A% za 10% CeO,/ZnO, zbog blagog smanjenja parametara jedini¢ne
éelije: a od 3,2566(1) do 3,2519(1) A i ¢ od 5,2206(4) do 5,2114(4) A, redom. Krajnji fazni sastav,
kao i nenarusena vircitna struktura ZnO ukazali su da je CeO, rasporeden po povrsini ZnO, $to su
potvrdili FESEM i TEM. Mikroskopski rezultati su pokazali da je veli¢ina sfernih kristalita CeO>
bila 5 + 1 nm, dok je ZnO imao bimodalnu raspodelu veli¢ine kristalita od 5 nm do 4 um. Stoga

morfologija ZnO praha varira od izduzenih nanozrna do
mikrostapica koji dalje grade 3-D morfologiju nalik masnama. Kompozit 5%CeO,/Zn0 je pokazao
najbolju fotokataliticku aktivnost razgradivsi RO16 za 180 minuta.

Nanokompoziti CeO2/ZnO sa 2,5 i 10 mol.% CeO; pokazali su slicnu fotoaktivnost kao
nemodifikovani ZnO. Moze se zakljuditi da optimalan sadrzaj CeO> iznosi 5 mol.%.

[1] B. Simovi¢, A. Golubovi¢, 1. Veljkovi¢, D. Poleti, J. Zdravkovi¢, D. Mijin,
A. Bjelajac, Journal of the Serbian Chemical Society, 79 (2014) 1433-1443.

[2] B. Simovi¢, D. Poleti, A. Golubovié, A. Matkovié, M. Séepanovié, B. Babic,
G. Brankovi¢, Processing and Application of Ceramics, 11 (2017) 27-38.
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Zinc oxide is a well-known photocatalyst mainly used to degrade organic water pollutants
using artificial or sunlight [1, 2]. On the other hand, the modification of
semiconductor photocatalysts by other oxides can improve their photocatalytic activity regarding
synergistic effect of single oxides in the sense of increasing the adsorption and broadening region
of possible wavelengths for light absorption.

In order to find the optimal CeO, content for the best photocatalytic activity of ZnO, the
aqueous solution of Zn(NOs), with different Ce(NOs)s content (0, 2.5, 5 and 10 mole%) was
hydrothermally treated at 180 °C for 18 h in the presence of NHs(aq). The obtained samples were
rinsed out with distilled water and ethanol, centrifuged and dried at 105 °C for 3h. The structural,
microstructural, optical and photocatalytic properties of resulting powders have been investigated
by the XRPD, FESEM, TEM and UV-vis techniques. The photocatalytic activity of obtained
composites was tested on the Reactive Orange 16 (RO16) textile azo dye and compared to the
single-phase ZnO.

Based on XRPD results, the single-phase ZnO (hexagonal wurtzite structure, space group
P63mc) was obtained without addition of Ce(NOs)s. If Ce(NOs); content was
25 5 or 10 mole.%, the obtained samples consisted of ZnO and CeO;
(fluorite structure, space group Fm 3 m) mixed phases. The calculated final phase
compositions corresponded well with starting compositions, which confirmed the
formation of CeO./ZnO composites with different molar ratios. As CeO, content
increased, the slight decrease in ZnO unit cell volume, from 47.950(4) A% for
single-phase ZnO to 47.726(4) A for 10% Ce0,/ZnO, was noticed due to negligible decrease in
unit cell parameters: a from 3.2566(1) to 3.2519(1) A and c¢ from 5.2206(4) to 5.2114(4) A,
respectively. The final phase compositions as well as preserved ZnO wurzite structure indicated
that CeO; was distributed onto Zn0O surface, which was
confirmed by FESEM and TEM. The microscopic results showed that the size of
spherical CeO; crystallites was 5 + 1 nm, while ZnO had a bimodal distribution of the crystallite
size from 5 nm to 4 um. Hence the morphology of ZnO varies from elongated nanograins to
microrods that further build a 3-D tie-like morphology. The 5% CeO./ZnO composite
demonstrated  the  best  photocatalytic  activity by  degrading RO16  for
180 minutes. CeO,/ZnO composites with 2.5 and 10 mole.% CeO, showed similar
photoactivity as unmodified ZnO. It could be concluded that the optimal CeO content is 5
mole.%.

[1] B. Simovi¢, A. Golubovi¢, I. Veljkovi¢, D. Poleti, J. Zdravkovi¢, D. Mijin,
A. Bjelajac, Journal of the Serbian Chemical Society, 79 (2014) 1433-1443.

[2] B. Simovié, D. Poleti, A. Golubovié, A. Matkovié, M. Séepanovié, B. Babic¢,
G. Brankovi¢, Processing and Application of Ceramics, 11 (2017) 27-38.
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[poBoaue ocobuHe BucokoTemieparypHor cyneprpoBogauka (BTC) YBaCuzOg+x (YBCO)
NPBEHCTBEHO Cy onapeljeHe HUBOOM JIONHMpama CYNEpIpOBOAHUX PAaBHU  EIEKTPOHCKHM
wyrbrHama (Hocuonu cyneprposojue ctpyje y BTC). YBCO cynepnpoBOAHHK ce KapaKTEpHIIIe
CJIOjEBUTOM CTPYKTYpoM, kojy unHe CUO paBHU u kuceoHukoM nedunurapae CuOy paBHH, mpu
gyemy ce cBaka CUOx paBan Hanasu u3melhy nee CuO pasuu. Bepyje ce 1a CuOx paBHH ciiyKe Kao
pe3epBoap CNEKTPOHCKHX INyIJbMHA, KOje mpu onpeheHuM yciaoBuma OuBajy mommpane y CuO
paBHH, aJld TaYaH MEXaHH3aM Ha KOJU CE OBO JOMHPIH-C OJIBH]ja jOII YBEK HUjE pa3jalllbeH.

Monen —U nenrapa (NUC monen) npeasuh)a popMupame eneKTpoHCKUX MapoBa Ha MapOBHMA
Cu atoma y CuO paBHHMa, KOjH 3aTHM JENyjy Kao MPUBJIAYHU LIEHTPHU 3 SJICKTPOHCKE IIYIJBHHE
u Tako omoryhasajy muxoB npenoc u3 CuOx ka CuO paBuuma [1]. OBaj Mmonen Takolhe mpemaxe,
Jla 10 HACTaHKa eJeKTpoHCKHX maposa y CuO paBHuMa mona3u camo oHna kaga Cu u O atomu y
CuOy paBHuMa popmupajy HH30Be (CUO naHIN) KOju campxe OapeM TpH aTOMa KUCEOHHKA.

VY oBoMm pany je nomohy mymepuuake Moute Kapio mMetose, u3BpIiieH mpopavdyH

opoja popmupannx NUC-osa y CuO paBHEMa y OKBHPY M3HHIOBOT MOjeja ca aCUMETPUYHUM
untepakimjama apyrux cycena (ASYNNNI mozen) kao mozena ypehema aromMa KHCCOHHKA y
6asmunuM paBHuMma. Oxpehero je gommpame CUO paBHHM 3a pa3inuyuTe BPEIHOCTH CaapikKaja
KUCEOHHUKa, X, 1 ynopeheHo je ca oHuM

/¢\ ynopel J

906 0@ 906060 JOOMjeHnM 3a CJy4ajHy pachopeiy
".'." KHCEOHHKOBHX aroma. [loka3aHo je na
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O filled oxygen site ® Cuatom O empty oxygen site

CuO2 plane

CuQy plane

pasnuuuTUX ypehema aToMa KHCEOHHKA

CuOg plane y CuOy paBHUMa.

Canxka 1. @opmupame NUC-oBa Ha mapoBuma CuU atoma y
CuO pasuuma. CuO nanany y CuOx paBHH, qyxuHe 5 aToma
KHCEOHHUKa, TOBOJH 110 cTBapama Tpu NUC-a.

[1] K. V. Mitsen, O. M. lvanenko, Mechanism of carrier generation and the origin of the
pseudogap and 60 K phases in YBCO, JETP Letters 82 (2005) 129-133.
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Conducting properties of the high-Tc cuprate superconductor YBa;CusOs:x (YBCO) are
primarly determined by the degree of doping of the conducting CuO planes by electronic holes,
carriers of the superconducting current in high-Tc superconductors. The YBCO superconductor is
characterized by layered structure formed by the stacking of CuO and oxygen deficient CuOx
planes, each of the CuOy planes being sandwiched between two CuO planes. It is generally accept-
ed that CuOy planes serve as a reservoirs of holes, which are under appropriate conditions doped to
the CuO planes. Exact mechanism of hole transfer from the CuOx to the CuO planes is not estab-
lished yet.

The —U centers model (NUC model) assumes formation of electron pairs (NUCs) at certain
Cu pairs in the CuO planes, which serve as attracting sites for the electronic holes, thus providing
transfer of electronic holes from CuOy to CuO planes [1]. This model also suggests, that the elec-
tron pairs in the CuO planes are formed only when the Cu and O atoms in the CuOx planes form
continuous sequences (CuO chains) containing at least three oxygen atoms.

In this work, using Monte Carlo numerical method, number of the NUCs formed in the CuO
P planes have been calculated in the frame

... of the Ising model with asymmetric next
Q Q QO

\‘0.,0 O-0-0
nearest neighbor interactions
o O O O O (ASYNNNI model) as a model of oxy-
‘ ‘~ ‘~ “ ‘ gen ordering in the CuOy planes. Dop-
o Wy e ® ing of CuO planes have been evaluated

' " " " " " " ‘ for various values of oxygen content, x,
O o @ © O ® ® () and compared to the one obtained as-
suming random distribution of oxygen

o068 0 8T8, 0-6-0 atoms. It has been shown that in the

\ AN frame of NUC model, correct estimation
of the hole doping of the CuO planes of

© filedoxygensite @ Cuatom O emply oxygen site YBCO superconductor can be achieved

Figure 1. Formation of NUCs on the pairs of Cu atoms in only taking into account, experimentally

the CuO planes. CuO chain in the CuOx plane of length 5 Observed, various arrangements of oxy-
oxygen atoms leads to the formation of three NUCs gen atoms in the CuOx planes.

CuO3 plane

CuOy plane

CuOz7 plane

[1] K. V. Mitsen, O. M. Ivanenko, Mechanism of carrier generation and the origin of the
pseudogap and 60 K phases in YBCO, JETP Letters 82 (2005) 129-133.
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UTICAJ MAGNETNOG POLJA NA RASPODELE BRZINA RASTA
MALIH KRISTALA NATRIJUM-HLORATA

M. Milojevi¢, B. Maksimovi¢, B. Vucetié¢, M. Mitrovi¢, A. Zeki¢

Fizicki fakultet, Univerzitet u Beogradu
e-mail: andrijana@ff.bg.ac.rs

Dosadas$nja istrazivanja su pokazala da spoljasnje magnetno polje moze da poveca, smanji [1],
ali i da ne menja [2] brzine rasta razliitih kristala. Ovde ¢ée biti predstavljeni rezultati prouc¢avanja
uticaja homogenog magnetnog polja jac¢ine B =55mT na brzine rasta malih kristala natrijum-
hlorata u pravcu <100> iz vodenih rastvora zasi¢enih na temperaturi T, = (31.0+0.1)°C. Pravac

polja bio je normalan na tok rastvora u ¢eliji u kojoj su realizovani nukleacija i rast kristala na
temperaturi T =(28.0+£0.1)°C. Na slici 1 prikazane su raspodele brzina rasta prou¢avanih kristala
raslih u prisustvu magnetnog polja: (a) pocetnih, u prvih 30 min rasta, i (b) stabilisanih, nakon 30
min.

30
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g g
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a &
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Pocetna brzina rasta [nm/s] Stabilisana brzina rasta [nm/s]
Slika 1.

Poredenjem raspodela prikazanih na slici 1 (rast kristala u prisustvu magnetnog polja) i
raspodela u radu [3] (bez magnetnog polja), primecuje se zna¢ajno pomeranje vrednosti brzina
koje odgovaraju maksimumima raspodela ka ve¢im vrednostima. Mehanizmi kojima magnetno
polje utiCe na brzine rasta kristala jo§ uvek nisu jasni. Jedan od predloZenih mehanizama
podrazumeva da magnetno polje menja parametar reSetke i na taj na¢in utie na rast kristala iz
rastvora [4].

[1] F. Kuschel, A.N. Kénig, R. Groop, Crystal Res. Technolog. 17(1982) 793.

[2] M.M. Mitrovi¢, B.B. Zizi¢, M.Lj. Napijalo, J. Crystal Growth 87(1988) 439-445.

[3] B.M. Misailovi¢, D.A. Malivuk, A.A. Zeki¢, M.M. Mitrovi¢, Crysta. Growth Des. 14(2014)
972-978.

[4] B.B. Zizi¢, S.E. Bozin, S.I. Zegarac, Z.M. Nikoli¢, J. Crystal Growth 54(1981) 439-442.
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INFLUENCE OF MAGNETIC FIELD ON GROWTH RATE
DISTRIBUTIONS OF SMALL SODIUM CHLORATE CRYSTALS

M. Milojevi¢, B. Maksimovi¢, B. Vuceti¢, M. Mitrovi¢, A. Zekié¢

Faculty of Physics, University of Belgrade
e-mail: andrijana@ff.bg.ac.rs

Previous studies have shown that the external magnetic field can increase, decrease [1], but al-
so not change [2] the growth rates of different crystals. Here will be presented the results of study-
ing the influence of a homogeneous magnetic field B =55mT on the growth rates of small crystals

of sodium chlorate in the <100> direction grown from aqueous solutions saturated at temperature
T, =(31.0+£0.1)°C. The applied field was perpendicular to the direction of the solution flow
through the cell in which the crystals were nucleated and grew at temperature
T =(28.0+0.1)°C. Figure 1 shows the distributions of growth rates of the analyzed crystals grown

in the presence of magnetic field: (a) initial, in the first 30 min of growth, and (b) stabilized, after
30 min.
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Figure 1.

By comparing the distributions from Figure 1 (crystal growth in the presence of magnetic field)
and the distributions in Ref. [3] (without magnetic field), a significant shift of the growth rate
values, corresponding to the distribution maxima, to higher values is occurred. The mechanisms by
which the magnetic field affects crystal growth rates are still unclear. One of the proposed mecha-
nisms implies that the magnetic field changes the lattice parameter and thus affects the growth of
crystals from the solution [4].

[1] F. Kuschel, A.N. Kénig, R. Groop, Crystal Res. Technolog. 17(1982) 793.

[2] M.M. Mitrovi¢, B.B. Zizi¢, M.Lj. Napijalo, J. Crystal Growth 87(1988) 439-445.

[3] B.M. Misailovi¢, D.A. Malivuk, A.A. Zeki¢, M.M. Mitrovié, Crysta. Growth Des. 14(2014)
972-978.

[4] B.B. Zizi¢, S.E. Bozin, S.I. Zegarac, Z.M. Nikoli¢, J. Crystal Growth 54(1981) 439-442.
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YTHUIAJ XAJIOTEHOI' BEBUBAIBA HA OCET/BUBOCT KA
JETOHAIIMJU BUCOKOEHEPI'ETCKUX MOJIEKYJIA

1. B. Hunkosuh?, A. B.Bhynosuh?, /1. K. Besbkonuh®

aUnoeayuonu yenmap Xemujcxoz paxynmema, Cmyoenmcku mpe 12-16, Beozpad; °Yuueepzumem
y Beocpaoy — Xemujcxu paxynmem, Cmydenmcxku mpe 12-16, Beozpao, Cpbéuja, e-mail: vdu-
san@chem.bg.ac.rs

[IpenBuhame ocoOMHA BHCOKOCHEPTETCKHUX jelMbela momohy merona Teopmje (yHKIMOHama
rycrude (DFT) je unsps Bemukor Opoja Teopujckux cryauja [1]. Jenan on Haj3HAYajHHjUX anaTa 3a
npensuhame  OCETJBUBOCTH  BHCOKOCHEPIeTCKMX  MOJIGKylla Ka JACTOHAUMjH Cy  MaIme
enextpocratuukor noreHnujana (MEP). Tlosnaro je ma momekynu winacuunux C, H, N, O -
SKCIUIO3MBA MMajy BEOMa MO3UTHUBHE BPEJHOCTH CJICKTPOCTATHYKOI MOTCHIHUjala y LEHTPATHUM
pernoHnMa MoBpInHHE Mosekyia [2]. Mako je mo3HATO Ma BOAOHHYHO BE3MBAKHE MOXKE JIa yTHUEC
Ha OCETJFUBOCT BHCOKOCHEPTETCKHX MoJiekyna [3], yTHilaj XaJoreHOr Be3uBama y MOJEKyInMa
KOJH CaJip)ke aTOMe XaJloreHa jOII YBEK HHje PacBETIbCH.

& 2%
¥ 0. |
o ®

E=0.0156533 E =0.0309822
a) b) <
Camuka 1. a) Teomerpuja u3 kpucraine ctpykrype NAHTEY, b) mamna enekrpocratuukor moTeHmujana 3a

cuctem 1,3,5-tpujomo-2,4,6-TpHHATPOOEH3EH ca THOYPEOM U C) Mara eleKTPOCTATHYKOT MOTSHIMjaia 3a
1,3,5-tpujono-2,4,6-rpuHUTPOOECH3EH

VY okBupy oBor paja nperpaxena je KemOpuuka 6asa crpykrypHux nojgaraka (CSD) y motpasu 3a
KPHUCTAJIHAM CTPYKTypama eKCIUIO3MBa KOjU CaJpiKe XaJloreHe ejeMeHTe. Ha OCHOBY aHamm3e
XaJIOTEHOT BE3WBama y OBUM CTPYKTypaMa, HallpaBJbeHHU Cy Mojen cuctemu 3a DFT npopauyne u
M3padyHaTe Cy Mare eJIeKTPOCTaTUUKKUX MOTeHIjana. AHamu3a pe3yTara mpopadyHa je mokaszaa
Jla ce XaJOreHO BE3MBAKE MOXKE KOPUCTHTH 3a IOJICIIABAEE BPEIHOCTH EICKTPOCTATHYKHX
MOTEHIMjajla M3HAJ| IICHTPAITHUX JEII0OBa €HEPreTCKUX MOoJieKyna. Pe3ynraTu oBe cTynuje Mory
OuTH o 3HaYaja 3a pa3BUjarb¢ HOBUX BHCOKOCHEPIETCKUX MaTepHjaia KOJH Calp)Ke XaJIOTeHEe
eJIeMEHTE.

UctpaxuBame crpoBeneHo y3 noapmky Ponpa 3a Hayky Penybmmke CpoOuje, [TPOMUC,
#6066886, CD-HEM. MununcrapcTtBo mpocBeTe, HayKe W TEXHOJOIIKOT pa3Boja PemyOmuke
Cpb6uje, EBunenimonu 6poj: 451-03-9/2021-14/200168 u 451-03-9/2021-14/200288.

[1] B. M. Rice, J. J. Hare, J. Phys. Chem. A, 106, (2002), 1770-1783.
[2] P. Politzer, J. S. Murray, Propellants Explos. Pyrotech. 41, (2016), 414-425
[3] F. Ren, D. Cao, W. Shi, H. Gao, J. Mol. Model. 22, (2016), 1 -8.
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INFLUENCE OF HALOGEN BONDING ON THE SENSITIVITY OF
HIGH-ENERGY MOLECULES TOWARDS DETONATION

D. B. Ninkovié?, A. B. Punovié?, D. Z. Veljkovié®

alnnovation center of the Faculty of Chemistry, Studentski trg 12-16, Belgrade, Serbia. °Universi-
ty of Belgrade — Faculty of Chemistry, Studentski trg, 12- 16, Belgrade, Serbia
e-mail: vdusan@chem.bg.ac.rs

Prediction of the characteristics of new energetic compounds using Density Functional Theory
(DFT) calculations is the ultimate goal of many theoretical studies [1]. One of the most important
tools for revealing the sensitivity of the energetic molecules is Molecular Electrostatic Potential
(MEP). It is known that molecules of classical C, H, N, O-explosives have strongly positive elec-
trostatic potential above the central areas of the molecular surfaces [2]. While it is known that
hydrogen bonds do affect the electrostatic potential and sensitivity of the energetic molecules [3],
influence of halogen bonds in halogen-containing energetic molecules is yet to be revealed.

E=0.0156533 E =0.0309822

a) b) <

Figure 1. a) Geometry of NAHTEY crystal structure, b) electrostatic potential map for 1,3,5-triiodo-2,4,6-
trinitrobenzene bis(thiourea) system and c) electrostatic potential map for 1,3,5-triiodo-2,4,6-trinitrobenzene
molecule. Energies of critical points are given in Hartree.

In this study, Cambridge Structural Database (CSD) was searched for the crystal structures of
halogen-containing molecules of explosives. Based on the analysis of halogen bonding patterns in
crystal structures, model systems for DFT calculations were made and electrostatic potential maps
were calculated. Analysis of the results of the DFT calculations showed that halogen bonding
could be used as a tool for adjusting the values of the energy of electrostatic potential above the
center of the molecules of energetic materials. Results of this study could be of great importance
for the development of the new halogen-containing energetic materials with improved sensitivity
toward detonation.

This research was supported by the Science Fund of the Republic of Serbia, PROMIS, #6066886,
CD-HEM. This work was supported by the Serbian Ministry of Education, Science and
Technological Development (Contract numbers: 451-03-9/2021-14/200168 and 451-03-9/2021-
14/200288).

[1] B. M. Rice, J. J. Hare, J. Phys. Chem. A, 106, (2002), 1770-1783.
[2] P. Politzer, J. S. Murray, Propellants Explos. Pyrotech. 41, (2016), 414-425
[3] F. Ren, D. Cao, W. Shi, H. Gao, J. Mol. Model. 22, (2016), 1 -8.
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JONSKI KOMPLEKSI PALADIJUMA SA 5-HLORO-8-
HIDROKSIHINOLINOM | RAZLICITIM KATJONIMA

M. Russin 2, A. Liikéova 2, S. Drweesh ?, E. Samol’ova ¢, M. Litecka 9, I. Poto¢iiak 2

aDepartman za neorgansku hemiju, Prirodno-matematicki fakultet, P. J. Safirik University, Moyz-
esova 11, 04154 Kosice, Slovacka; "Departman za neorgansku hemiju, Nacionalni istrazivacki
centar, P.O. 12622, 33 Elbohoth St. (former Elthrirst), Dokki, Giza, Egipat; CInstitut za fiziku
Ceske akademije nauka, Na Slovance 2, 182 21 Prag 8, Republika Ceske; Institut za neorgansku
hemiju Ceske akademije nauka, Rez ¢p. 1001, 250 68 Husinec, Republika Ceske

e-mail: martin.russin@student.upjs.sk

U ovom radu opisujemo sintezu ¢etiri nova kompleksa Pd(I1): (CHz)2NH2[PdCI2(CIQ)]
(1), H:CIQ[PACI(CIQ)] (2), K[PACI(CIQ)] (3) i Na[PdCI(CIQ)]-2H,O (4), koji sadrze
deprotonovani molekul 5-hloro-8-hidroksihinolina (HCIQ) (slika 1) i razli¢ite katjone
((CH3)2NH* (dimetilamonijum-jon), H.CIQ* (5-hloro-8-hidroksihinolinijum-tjon), K* ili Na¥)
u spoljasnjoj koordinacionoj sferi. Rendgenskom strukturnom analizom utvrdeno je da su sva
Cetiri pripremljena kompleksa jonska sa istim kvadratno planarnim [PdCI,(CIQ)]" anjonom u
kojem se dva hloridna liganda cis koordiniraju dok preostala dva polozaja oko Pd(Il) zauzimaju
atomi kiseonika i azota iz bidentatnog helatnog liganda CIQ. Koordinaciju HCIQ liganda sa
centralnim atomom paladijuma preko atoma kiseonika prati deprotonizacija hidroksilne grupe u
fenolnom delu. Negativno naelektrisanje anjona uravnotezeno je razli¢itim katjonima van
koordinacione sfere, (CH3)oNH2*" (1), HoCIQ* (2), K* (3) ili Na* (4). Dimetilamonijum-tjon je
nastao razlaganjem dimetilformamida, koji je kori¢en kao rastvara¢, a katjon 5-hloro-8-
hidroksihinolinijuma nastao je protonovanjem molekula HCIQ na atomu azota. Struktura 4 takode
sadrzi dva molekula vode. Posmatrali smo stabilizaciju ovih kompleksa medumolekulskim
interakcijama, kao $to su vodoni¢ne veze (1 —4), 7~z interakcije (2) i jonske interakcije (1 - 4).

Zahvalnica: Ovaj rad je podrzan grantovima VEGA 1/0148/19, APVV-18-0016 i VVGS-
PF-2021-17609.
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Slika 1. Strukturna formula 5-hloro-8-hidroksikinolina (HCIQ)
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IONIC PALLADIUM COMPLEXES WITH 5-CHLORO-
8-HYDROXYQUINOLINE AND DIFFERENT CATIONS
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In this work we describe the preparation of four new Pd(ll) complexes:
(CH3):NH2[PACIL(CIQ)] (1), H:CIQ[PACIx(CIQ)] (2), K[PdCI(CIQ)] (3) and
Na[PdCI,(ClQ)]-2H,O (4), containing deprotonized molecule of 5-chloro-8-hydroxyquinoline
(HCIQ) (Fig. 1) and different cations ((CHs)oNHz* (dimethylammonium cation), H,CIQ* (5-
chloro-8-hydroxyquinolinium cation), K* or Na*) outside coordination sphere. All four prepared
complexes were studied by single crystal X-ray analysis, which revealed that these complexes are
ionic with the same square planar [PdCI;(CIQ)]™ anion in which two chloride ligands are cis-
coordinated and remaining two positions around the Pd(ll) atom are occupied by oxygen and ni-
trogen atoms from bidentate chelating ligand CIQ. The coordination of the HCIQ ligand to the
central palladium atom via the oxygen atom is accompanied by deprotonation of the hydroxyl
group in phenolic part. Negative charges of the anions are balanced by different cations outside the
coordination sphere, (CHs)NHy* (1), H2CIQ* (2), K* (3) or Na* (4). Dimethylammonium cation
was formed by decomposition of dimethylformamide, which was used as a solvent while 5-chloro-
8-hydroxyquinolinium cation was formed by protonation of the HCIQ molecule on the nitrogen
atom. Structure of 4 also contains two water solvate molecules. We observed the stabilization of
these complexes through intermolecular interactions, such as hydrogen bonds (1 — 4), 7 interac-
tions (2) and ionic interactions (1 — 4).

Acknowledgement: This work was supported by the grants VEGA 1/0148/19, APVV-18-
0016 and VVGS-PF-2021-1769.
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Figure 1. Structural formula of 5-chloro-8-hydroxyquinoline (HCIQ).
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SINTEZA | STRUKTURA TETRANUKLEARNOG KOMPLEKSA CINKA
SA SIFOVOM BAZOM AMINOGVANIDINA
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Univerzitet u Novom Sadu Prirpdno-matematicki fakultet, Trg Dositeja Obradovi¢a 3, 21000 Novi
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Reakcijom toplih acetonitrilnih rastvora cink-acetata i liganda, 2,3-dihidroksibenzaldehid-
aminogvanidina hidrogenhlorida, u molskom odnosu 1:1, dobijeni su prizmati¢ni kristali
kompleksa formule [Zn2L(CH3CO0);]2:2MeCN,
(L = dianjon helatnog liganda). U ovom tetranuklearnom centrosimetri¢cnom kompleksu helatni
ligand za koordinaciju koristi Cetiri donorna atoma - dva atoma azota i dva atoma kiseonika, uz to
da su atomi kiseonika mostovno koordinovani za dva jona cinka. Osim toga, u ovoj strukturi
nadena je i mostovna egzobidentatna koordinacija dva acetato liganda (slika 1).

Iako je opisani nacin koordinacije helatnog liganada i koliganada kompleksan, treba rec¢i da
nije neobican, ve¢ karakteristi¢an za 2,3-dihidroksibenzaldehidni fragment u prisustvu acetata kao
mostovnih koliganada i naden je u strukturi tetranuklearnog kompleksa cinka opisanoj u radu [1].

Asimetri¢na jedinica sadrzi dianjon helatnog liganda, koji je tridentatno ONN koordinovan za
jedan jon cinka (Zn01), a monodentatno (preko atoma kiseonika deprotonovane hidroksilne grupe
iz polozaja 3) za drugi jon cinka (Zn02), dva acetatna jona koja mostovno povezuju dve susedne
jedinice, kao i jedan molekul rastvarac¢a. Tridentathna ONN koordinacija helatnog liganda je
ostvarena preko atoma kiseonika
deprotonovane hidroksilne grupe iz
polozaja 2, azometinskog i atoma
azota imino-grupe
aminogvanidinskog ostatka. Osim
preko acetatnih mostova susedne
jedinice povezane su mostovnom
koordinacijom atoma kiseonika O1 i
02. Rastojanje Zn01-Zn02 iznosi
3,3008(4) A, a Zn02-Zn02' 3,1926(4)
A

Kristalografski podaci: triklini¢ni
kristalni  sistem, P71, a=8,8277(3)
A,b=9,9935(3) A, c=11,4516(4)

Slika 1. Molekulska struktura dobijenog kompleksa

i

a = 87,646(3)°, = 70,495(3)°, y= 78,267(3)°, V = 931,99(6) A%, Z = 2. Uta¢njavanje sa F? (252
parametara) dalo je R; = 0,0264, wR, = 0,0629, S = 1,096, za sve podatke, i Ry = 0,0227 za 3426
refleksija sa | > 24(1).

[1] M. M. Belmonte, E. C. Escudero-Adan, E. Martina, A. W. Kleij, Dalton Trans. 41 (2012)
5193-5200.
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The reaction of warm solutions of zinc-acetate and the ligand, 2,3-dihydroxybenzaldehyde-
aminoguanidine, in acetonitrile in molar ratio 1:1, yielded in the formation of prismatic single
crystals of the complex [Zn,L(CH3COO0)2]2:2MeCN,
(L = dianion of the chelating ligand). In this tetranuclear centrosymmetric complex, the chelating
ligand uses four donors — two nitrogen and two bridging oxygen atoms, that connect two zinc ions.
Besides, in this structure bridging exobidentate coordination of two acetato ligands is found.

Even though this coordination mode could be described as complex, it is not unusual, but
characteristic for 2,3-dihydroxybenzaldehyde residue. The structure of a similar tetranuclear zinc
complex with a Schiff base of 2,3-dihydroxybenzaldehyde in the presence of acetate ions as
coligands was reported earlier [1].

The asymmetric unit (Fig. 2) consists of the dianion of the chelating ligand, which is ONN
coordinated to one zinc ion (Zn01), and O-coordinated to the other (Zn02), two acetate ions as
bridging ligands that connect the subunits and one solvent molecule. Tridentate ONN coordination
of the chelating ligand is achieved via the
oxygen atom of the deprotonated hydroxy
group in position 2, azomethine and
nitrogen atom of the imino-group of the
aminoguanidine fragment. Neighboring
subunits are, besides the mentioned acetate
bridges, connected by the bridging
coordination of oxygen atoms O1 and O2.
Crystallographic data: triclinic crystal
system, P1,a=28.8277(3) A, b=9.9935(3)
A, ¢ =11.4516(4) A, _ o
a= 87.646(3)°, f= T70.495(3)°, = Figure 2. The asymmetric unit of the complex

78.267(3)°, V= 931.99(6) A3 Zz=2.
Refinement based on F? (252 parameters) gave R; = 0.0264, wR, = 0.0629, S = 1.096, for all data,
and Ry = 0.0227 for 3426 reflections with |1 > 24(1).

The authors acknowledge financial support of the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Grant No. 451-03-9/2021-14/ 200125).

[1] M. M. Belmonte, E. C. Escudero-Adan, E. Martina, A. W. Kleij, Dalton Trans. 41 (2012)
5193-5200.
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Tokom istrazivanja fokusiranog na sintezu novih kalijumskih silikata elemenata retkih zemalja
dobijena su dva jedinjenja do tada nepoznatog hemijskog sastava - Cs;H0Si4O10F i Cs;TmSisO10F,
u obliku monokristala.

Jedinjenja su sintetisana metodom rasta kristala iz visokotemperaturnog rastvora
(Tmax = 1373 K) koriste¢i REE;O3 (REE = Ho, Tm), SiO; i CsF kao polazne suptance. Kristalne
strukture oba jedinjenja reSene su iz difrakcionih podataka prikupljenin na odabranim
monokristalima. Dobijena jedinjenja su medusobno izostrukturna i kristaliSu u rombicnoj
prostornoj grupi Pnma sa slede¢im parametrima jedini¢nih ¢elija: a = 22,3809 (7), b = 8,8686 (3),
c=11,9827 (4) A, V=2378,41 (14) A3, Z=8 (za jedinjenje CsH0Si,;O10F), a= 22,3447 (5),
b=8,8131(2), ¢=11,9594 (3) A, V=235512(10) A%, Z=8 (za jedinjenje Cs;TmSisO10F).
Ispitivana jedinjenja su izostrukturna sa Cs;Y SisO1oF [1] i Cs2ErSisO10F [2].

Kristalnu strukturu ovih jedinjenja Cine viSestruki lanci SiOs-tetraedara koji su povezani
beskona¢nim jednodimenzionalnim lancima REEO4F;-oktaedara. U tunelima Kkoji nastaju
kondenzacijom tetracdarske mreze i oktaedarskih lanaca smesteni su katjoni cezijuma. SiOs-
tetraedri su medusobno povezani preko zajednickih rogljeva i izgraduju kolone, odnosno cevastu
strukturu. REEO4F,-oktaedri medusobno su povezani preko zajednickih anjona fluora, koji se
nalaze u apikalnim rogljevima.

Slika 1. Projekcija strukture Cs;REESIi4O10F paralelna sa pravcem [010]
predstavljena poliedrima.

[1] M.C. Schifer, T. Schleid, Z. Naturforsch. B., 64 (2009) 1329-1338.

[2] P. Dabi¢, V. Kahlenberg, D. Schmidmair, A. Kremenovi¢, P. Vuli¢, Z. Krist.-Cryst. Mater.,
231 (2016) 195-207.

84



27" Conference of the Serbian Crystallographic Society

CRYSTAL STRUCTURES OF Cs2H0Si4O10F AND Cs2TmSi4O10F
P. Dabié¢?, S. Kova¢ 2, A. Kremenovié¢ @

a University of Belgrade, Faculty of Mining and Geology, Pusina 7, 11000 Belgrade, Serbia
e-mail: predrag.dabic@rgf.bg.ac.rs

During investigation focused on the synthesis of new potassium rare-earth elements silicates
two compounds with a previously unknown chemical composition - Cs;HoSisO10F and
Cs,TmSi4O10F were obtained in form of single crystals.

The compounds were synthesized by the method of crystal growth from a high-temperature
solution (Tmax = 1373 K) using REE203; (REE = Ho, Tm), SiO; and CsF as starting materials. The
crystal structures of both compounds were determined by single-crystal X-ray diffraction analysis.
They represent mutually isostructural compounds which crystallize in the orthorhombic space
group Pnma with following unit cell parameters: a=22.3809(7), b =8.8686 (3),
c=11.9827 (4) A, V=2378.41 (14) A3, Z=8 (for Cs,H0SisO10F compound), a=22.3447 (5),
b =8.8131(2), c = 11.9594 (3) A, V = 2355.12 (10) A3, Z = 8 (for Cs,TmSi4O10F compound). The
investigated compounds are isotypic to Cs;YSisO10F [1] and Cs2ErSisO10F [2].

The crystal structure of these compounds consists of multiple chains of SiOs-tetrahedra
connected by infinite one-dimensional chains of REEO4F;-octahedra. Cesium cations are located
in tunnels formed by condensation of the tetrahedral network and octahedral chains. SiOas-
tetrahedra are interconnected through common vertices and form columns, i.e. a tubular structure.
REEO4F2-octahedra are interconnected via common fluorine apical anions.

Figure 1. Projection of the structure of Cs,REESisO10F parallel to the direc-
tion [010] represented by polyhedra.

[1] M.C. Schifer, T. Schleid, Z. Naturforsch. B., 64 (2009) 1329-1338.

[2] P. Dabi¢, V. Kahlenberg, D. Schmidmair, A. Kremenovi¢, P. Vuli¢, Z. Krist.-Cryst. Mater.,
231 (2016) 195-207.
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ap Ilpeapar Byauh, nouent
(1973 - 2020)

Hpyror anpuia 2020. roguHe mpeMuHyo je Ham aparu kosiera Ilpenpar Bymwh. JIp Ilpempar
Bynuh, qumi. uaxk. reosoruje, poheH je 1973. rogune y 3emyny. dumiomupao je 1999. ronune, a
maructpupao 2005. roqune, Ha Karenpu 3a kpucranorpadujy, Pyaapcko-reonomkor hakyiarTera,
VYuusepsurera y beorpany. Jloktopcky aucepranujy moj HaciaoBoM ,,CTPyKTypHa HCTIMTHBAHa
jeanmema ca HeQEIMHCKUM THIIOM CTPYKType” oa0paHuo je Ha MHCTHUTYTy 3a MHHEpAJOTHjy W
nerporpadujy Yrusep3ureta y HHCOpyky y Aycrpuju 2010. roguae. Y 3Bame HaydHOT
capagHiKa Ha Pynapcko-reornomkom Qaxynrery, YHuBep3utera y beorpamy m3abpan je 2012.
TOJMIHE, a y 3Bame BUIIET HayyHOr capagHuka 2017. rommue. Ha mctom dakynrery je 2016.
roauHe u3aOpaH y 3Bame JoieHTa Ha Kartenpu 3a munepanorujy. ['maBHe oOmactu HaydHOT
UHTEpecoBama M HCTpaxkuBamwa jap [Ipeapara Bymuha cy Ouie: cuHTe3a MOHOKpHCTaNa |
NOJIMKPUCTAJIHUX ~ Marepujajla ¥  WCIUTHBAKE  CTPYKTYPHHUX, MHUKPOCTPYKTYPHHX U
KPUCTAJIOXEMHUJCKUX O0COOMHA MuHepana W npyrux marepujasia. OOjaBJbeHH pe3yaTaTd IIp
Ilpenpara Bynuha ykasyjy na je Ouo BaHCEpHjCKM HAaydyHH HUCTPaKMBad. 3a cOOOM je, y CBOjOj
KpaTKOj Hay4HO] KapujepH, octaBuo 61 HayuHu pag camo u3 kareropuje M20 (ca 552 nurara u
HHJEKCOM IuTupanoctu h jenqnakum 14).

Hamr xonera, ap IIpenpar Bynuh, Huje Ouo camo n3y3eraH UCTpakuBay M KBAJUTETaH HACTABHUK,
OH je OMO BeoMa aKkTWBaH wWiaH U cekperap Cprickor kpucranorpadekor apymTsa. JJOOUTHUK je
roaummke Harpazae ,,Jlp dyopasko Pomuh® Cprckor kpucranorpadckor ApyIiTBa 3a JAOIPHHOC
mwianx Kpucranorpada paszsojy kpuctanorpaduje y Cpouju 3a 2012. roquny. OrpomMHy eHeprujy
yJI0%HO je y pa3Boj Jlaboparopuje 3a kpucranorpadujy Pynapcko-reonomkor dakynrera.

Hp Ilpenpar Bymuh 6mo je kpeatuBaH, criocodaH, €TOKBEHTaH, aMOUIHO3aH, BpelaH U JTyXOBHT.
VBek je OMO crmpeMaH Ja TOMOTHE KojieramMa W CTyAeHTHMa. MIMao je M3pasury CIocOoOHOCT
MpeHOIIeka 3Hamka. bro je TyH mIaHoBa 3a HOBa HayYHA NCTPa)KHMBamba.

Unanosu Karenpe u Jlaboparopuje 3a kpuctanorpadujy
Pynapcko-reonomkor ¢akynrera Yausepsutera y beorpany






Dr. Predrag Vuli¢, assistant professor
(1973 - 2020)

On April 2nd, 2020, our dear colleague Predrag Vuli¢ passed away. Dr. Predrag Vuli¢, B.Sc. eng.
geology, was born in 1973 in Zemun. He graduated in 1999, and received his master's degree in
2005, at the Department of Crystallography, Faculty of Mining and Geology, University of
Belgrade. He defended his doctoral dissertation entitled "Structural studies of compounds with
nepheline type structure” at the Institute of Mineralogy and Petrography of the University of
Innsbruck in Austria in 2010. He was elected a research associate at the Faculty of Mining and
Geology, University of Belgrade in 2012, and a senior research associate in 2017. At the same
faculty, in 2016, he was elected assistant professor at the Department of Mineralogy. The main
areas of scientific interest and research of Dr. Predrag Vuli¢ were: synthesis of single crystals and
polycrystalline materials and examination of structural, microstructural and crystallochemical
properties of minerals and other materials. The published results of Dr. Predrag Vuli¢ show that he
was an extraordinary scientific researcher. In his short scientific career, he left behind 61 scientific
papers only from the M20 category (with 552 citations and a citation index h equal to 14).

Our colleague, Dr. Predrag Vuli¢, was not only an exceptional researcher and a quality teacher, he
was a very active member and secretary of the Serbian Crystallographic Society. He was the
winner of the annual award "Dr Dubravko Rodi¢" of the Serbian Crystallographic Society in 2012
for the contribution of young crystallographers to the development of crystallography in Serbia.
He invested enormous energy in the development of the Laboratory for Crystallography of the
Faculty of Mining and Geology.

Dr. Predrag Vuli¢ was creative, capable, eloquent, ambitious, hardworking and witty. He was
always ready to help colleagues and students. He had a distinct ability to transfer knowledge. He
was full of plans for new scientific research.

Members of the Department and the Laboratory of Crystallography
Faculty of Mining and Geology, University of Belgrade








