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CRYSTALLOGRAPHY IN SERBIA
KRISTALOGRAFIJA U SRBIJI
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Laboratory for Crystallography, Faculty of Mining and Geology, University of Belgrade,
Dusina 7, 11000 Beolgrade, Serbia

e-mail: ljkaranovic@rgf.bg.ac.rs

On the occasion of declaring by the General Assembly of the United Nations the Year
2014 as the International Year of Crystallography, the brief history and the current state of
crystallography in Serbia was outlined.

Abstract

During the 19™ and the first half of the 20" century, crystallography in Serbia was
developed within the field of mineralogy. The geometrical and optical properties of crystals
were mainly studied. A major contribution to the development of crystallography and
mineralogy at those times was given by professors of Belgrade College and later Belgrade
University, Jovan Zujovi¢, Sima Lozani¢ and Sava Uroevié. Sava Urosevi¢ published
university textbooks “Geometrical Crystallography” (1903) and “Physical Crystallography”
(1910), which illustrate a long tradition of teaching crystallography in Serbia. Considerable
progress has been made by Svetolik Stefanovic, the first scientist who used crystallographic
methods in the study of minerals. His findings on the orpiments monoclinic symmetry were
published in 1904.

An intensification and extension of the crystallographic educational and research work
took place after the second world war in 1945 in the former Yugoslavia. In the year 1946
Stojan Pavlovi¢ became a chief and in 1951 Ilija Krstanovi¢ became an assistant at the
Institute of Mineralogy and Petrology. Soon after that the first crystal structure of the
mineral zircon, ZrSiO,4, was determined and published by Ilija Krstanovi¢, in 1958. At the
same time, a group for structural research was established in the former Institute “Boris
Kidri¢” in Vinc¢a (now the Institute of Nuclear Sciences “Vinc¢a”, INS “Vinca”). In 1961
Ilija Krstanovi¢ earned his Ph.D. by defending the thesis entitled “X-ray examination of the
structure of zircon and monazite group of minerals”, and in 1963 Ljubica Manojlovi¢
earned her Ph.D. by defending the thesis entitled “X-ray structural studies of crystal and
molecular structure of the compound p:p’-dihydroxytiobenzophenone monohydrate”.
These doctorates were the first two in crystallography at the University of Belgrade. In
1973 the Laboratory for Structural Analysis of Crystals at the Institute of Physics, Faculty
of Natural Sciences and Mathematics, University of Novi Sad, was founded. Since then
crystallography evolved into a modern scientific discipline, in which the crystal structure is
the centre of interest. In addition, a systematic analysis of the polycrystalline materials has
considerably increased, as well as the knowledge of material properties and technical skill
resulting from it. Besides two universities, in Belgrade and Novi Sad, some departments
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were equipped by modern X-ray powder diffractometers, for example, at the INS “Vinca”
and some other laboratories, which substantially use crystallographic methods.

The Yugoslav Centre of Crystallography (YCC), as the association of Yugoslav
crystallographers, was founded in 1966 and has been active until the end of 1991. The
activity of the former YCC in the territory of the Republic of Serbia was further continued
through the work of the Serbian Crystallographic Society (SCS). The founding assembly of
SCS was held on May 7% 1992. Nowadays, within the SCS, several groups of
crystallographers at universities (Belgrade, Novi Sad, Kragujevac) and at the INS “Vinca”
in several independent laboratories for crystallography exist. In addition to mineralogy,
crystallographic research groups in chemistry, physics and materials science were grown.

Istorijski pregled

U prvoj polovini XIX veka kristalografija se u Srbiji razvijala u okrilju mineralogije
pod pokroviteljstvom srpskih vladara. Prva mineraloska ispitivanja zapocinje baron fon
Herder (Sigismund August Wolfgang Freiherr von Herder) 1835. godine, koji je doSao iz
Frajberga (Freiberg, Nemacka) na poziv knjaza MiloSa Obrenovi¢a i doneo mu na poklon
zbirku od 500 minerala. Tokom istrazivanja u Srbiji pronalazi nepoznati plavi mineral i u
znak zahvalnosti, naziva ga milo$in (miloschin) po knjazu Milo§u Obrenovi¢u. Za svoj rad
od knjaza dobija 1000 dukata i za njega specijalno iskovanu sablju ukrasenu sa 108
brilijanata.

Prvih osam redovnih profesora Beogradskog univerziteta, 1905. godine. Sede, s
leva Jovan Zujovié, Sima Lozanié, Jovan Cviji¢, Mihailo Petrovié Alas; stoje, s
leva Andra Stevanovi¢, Dragoljub Pavlovi¢, Mili¢ Radovanovi¢ i Ljubomir
Jovanovié (http://sh.wikipedia.org/wiki/Jovan_ Zujovié).



4 21* CONFERENCE OF THE SERBIAN CRYSTALLOGRAPHIC SOCIETY

Nesto kasnije saksonski profesor mineralogije August Brajthaupt (Johann Friedrich
August Breithaupt), u svom radu ,,Bestimmung neuer Mineralien; Serbian oder Miloschin”
publikovanom 1838. godine u nemackom ¢asopisu Journal fiir Praktische Chemie (sada
Advanced Synthesis & Catalysis), naziva ga srbin ili milosin. U Sestom preradenom izdanju
Sistematike minerala (System of Mineralogy) americkog geologa i mineraloga J. D. Dane
(James Dwight Dana), koje je izaslo 1892. godine i ¢iji je urednik bio njegov sin E. S.
Dana (Edward Salisbury Dana), promenjeno je ime iz miloschin u miloschite, da bi bilo u
skladu sa engleskom terminologijom.

U drugoj polovini XIX i pocetkom XX veka u Srbiji se prvenstveno proucavaju
geometrijske i opticke osobine kristala. O tome svedocCi izvestaj za godine 1880 — 1888,
kojeg je napisao Jovan Zujovi¢ (1856 — 1936) o Mineraloskom kabinetu Velike $kole
(1863 — 1905) u Beogradu, u kome on navodi da je, osim minerala i stena, u posebnoj
,uceni¢koj zbirci” bilo jo§ 20 modela kristala, goniometar, refraktometar, polarizacioni
mikroskop i drugo. Katedra za mineralogiju i geologiju osnovana je 1880. godine na
Velikoj koli, a nastavu je preuzeo Jovan Zujovi¢. Par godina kasnije 1884. godine Sima
Lozani¢, profesor hemije na Velikoj skoli, ispituje hemijska svojstva miloSina i izdvaja
plavi i zeleni varijetet, miloSin i aleksandrolit, koji dobija ime po kralju Aleksandru.
Njegovi rezultati pokazuju da su po hemijskom sastavu oba minerala hidratisani silikati
hroma i aluminijuma i da oba nastaju raspadanjem avalita. Avalit, koji je nazvan po Avali,
mestu gde je naden, po hemijskom sastavu je hidratisani alumosilikat kalijuma sa izvesnom
koli¢inom hroma. Tek kasnije optickim ispitivanjem utvrdeno je da sve to nisu bili novi
minerali ve¢ da su miloS$in i aleksandrolit hromom bogati halojziti, Al,Si,05(OH),4, a da je
avalit hromom bogati ilit, (K,Na)(ALLMg,Fe),(Si,Al);0,0(OH),. Veoma sli¢an milo$inu je
milanit, nazvan po kralju Milanu Obrenovi¢u, koga je u piritskim lezi§tima Bora i
Majdanpeka pronasao Emil Tice (Emil Tietze) i u Becu objavio 1870. godine rad pod
naslovom ,,Geologische notizen aus dem nordostlichen Serbien” gde daje prikaz novog
minerala milanita. Sli¢nu sudbinu imali su timacit i gamzigradit, koje je pronaSao August
Brajthaupt, koji je 1861. godine objavio rad pod naslovom ,,Timazit, eine neue Gesteinart,
und Gamsigradit, ein neuer Amphibol” u nemackom Casopisu Berg- und hiittenmdnnische
Zeitung. Kasnija kristalografska i druga ispitivanja pokazala su da je stena timacit, koja je
dobila naziv po reci Timok, isto §to i andezit, a da je mineral gamzigradit isto Sto i edenit,
tj. vrsta hornblende, (K,Na)(Ca,Fe),(Mg,Fe,Cr,Ti,Al)s(Si,Al)sO2(OH),. Gamzigradit je
dobio ime po Gamzigradu, gradicu nedaleko od Zajecara, ¢uvenom po arheoloskom
nalazi$tu anticke rimske carske palate Felix Romuliana.

Godine 1883. osnovan je Geoloski zavod Velike skole, a 1889. izdvojena je kao
zasebna Katedra za mineralogiju i petrografiju i formiran Mineraloski zavod, koji od 1905.
godine menja naziv u Mineralosko-petrografski zavod (u daljem tekstu: Zavod). Velika
skola je iste 1905. godine reorganizovana u Univerzitet po ugledu na ostale evropske
univerzitete. Predmete iz mineralogije i petrografije na Katedri za mineralogiju i geologiju
na Velikoj $koli i mesto upravnika Zavoda preuzeo je, po njegovom osnivanju, Sava
Urosevi¢ (1863 — 1930), dak Jovana Zujoviéa. Univerzitetski udzbenici Save Urosevica
»Geometrijska kristalografija” iz 1903. i ,,Fizicka kristalografija” iz 1910. godine govore o
dugoj tradiciji poducavanja kristalografije u Srbiji.

Od pocetka XX veka do 1912. godine vezbanja iz kristalografije u Zavodu vodio je
Svetolik Stevanovi¢ (1869 — 1953), koji se vratio u Srbiju nakon $to je doktorirao u
Minhenu kod profesora Pola Grota (Paul Groth) 1902. godine. Smatra se da je Svetolik
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Stevanovi¢ prvi srpski kristalograf. Koriste¢i kristalografska merenja odredio je bliznjenje i
monokliniénu simetriju auripigmenta, As,S;, minerala sa AlSara, Makedonija, i o tome
objavio rad 1904. godine u nemackom Casopisu Zeitschrift fiir Kristallographie und
Mineralogie. Bavio se silikatnim i sulfidnim mineralima, $to mu je donelo znacajan ugled u
Evropi [1, 2].

U vreme I svetskog rata rad u Zavodu je prestao, ali je nakon rata obnovljen i tokom
celog perioda izmedu dva svetska rata obavlja se nastava iz predmeta mineralogija i
petrografija. Godine 1939. za docenta je izabran Stojan Pavlovi¢ (1903 — 1981). Za vreme
boravka u Parizu od 1927. do 1936. godine u Mineraloskoj laboratoriji Muzeja prirodnih
nauka u Parizu, Stojan Pavlovi¢ se specijalizovao za metode ispitivanja minerala
termickom i rendgenskom analizom. Doktorirao je na Sorboni 1936. godine kod profesora
Antoana Lakroa (Antoine Frangois Alfred Lacroix). Jo§ dok je bio u Parizu, bavio se
proucavanjem stena sa Zlatibora, metali¢nih minerala iz naSe zemlje, manganskih minerala
i minerala iz nanosa [1,2].

Sava Urosevié¢ Svetolik Stevanovié Stojan Pavlovié
(1863 —1930) [1] (1869 — 1953) [1] (1903 — 1981)

Oslobodenje 1945. godine Zavod docekuje sa dva profesora: Stojanom Pavlovi¢em,
koji je 1946. postao upravnik Zavoda i Jovanom Tomic¢em (1891 — 1946). Godinu dana
kasnije, 1947, Prirodno-matematicki odsek Filozofskog fakulteta postaje Prirodno-
matematicki fakultet (u daljem tekstu PMF). Reorganizacijom nastave na Filozofskom
fakultetu 1948. godine, Zavod je izdvojen kao posebna grupa na PMF-u. Godine 1951. za
asistenta za kristalografiju u Zavodu postavljen je Ilija Krstanovi¢ (1927 —2011), gde
ucestvuje u izgradnji rendgenske aparature za ispitivanje struktura monokristala koja je
zavrSena 1958. godine. Godine 1952. od do tada zajednicke Katedre za mineralogiju i
geologiju izdvaja se samostalna Katedra za mineralogiju i petrografiju sa Stojanom
Pavlovi¢em kao Sefom. Prvi kurs iz kristalografije na Univerzitetu u Beogradu uveden je
upravo na izdvojenoj Katedri za mineralogiju i petrografiju. U toku slede¢ih nekoliko
godina na Katedri za mineralogiju i petrografiju konstruisana je prva rendgenska aparatura
za kristalografska istrazivanja, a ubrzo zatim odredena je i prva kristalna struktura minerala
cirkona, ZrSiO4 (Krstanovi¢, 1. R., Redetermination of oxygen parameters in zircon
(ZrSiOy), 1958, Acta Crystallographica, 11, 896-897). Ilija Krstanovi¢ boravi na
specijalizaciji u Americi na dva univerziteta (od 1959. do 1961. godine na Pennsilvania
State University 1 od 1965. do 1966. godine na University of Chichago) 1 po povratku
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preuzima nastavu iz kristalografije. Na Katedri za mineralogiju i petrografiju pocCinju da
rade i mladi saradnici. Godine 1956. za asistenta je izabrana Gordana Radukic¢, koja se
specijalizuje u oblasti metoda opticke kristalografije i prou¢ava minerale iz grupe liskuna, a
1959. za strucnog saradnika za rendgensku kristalografiju postavljen je Stevan Puri¢. Do
1961. godine Zavod se nalazio u Dobracinoj ulici br. 16, kad je preseljen u novu zgradu
PMF-a [1, 2]. Prerastanje u zaseban fakultet, kao i preseljenje PMF-a, 1961. godine, u novu
zgradu na Studentskom trgu 12-16, omogucilo je nastavak razvoja.

Nezavisno od Zavoda na PMF-u, godine 1949. formiraju se Rudarski i Geoloski
fakultet kao posebne celine. Geoloski fakultet Cinile su Katedra za mineralogiju i
petrografiju, Katedra za geologiju i paleontologiju, Katedra za inZenjersku geologiju,
Katedra za ekonomsku geologiju i Katedra za primenjenu geofiziku. Godine 1952.
Geoloski fakultet se seli iz zgrade Tehnickog fakulteta u zgradu u Pusinoj 7. Nekoliko
godina posle osnivanja, Geoloski fakultet se spaja sa Rudarskim fakultetom u jedinstveni
Rudarsko-geoloski fakultet [2].

Desetak godina kasnije, 1962. spajaju se mineraloSko-petroloske i geolosko-
-paleontoloske grupe PMF-a, sa geoloskim i geofizickim grupama Rudarsko-geoloskog
fakulteta. Tako nastaje jedinstveni Geoloski odsek kao deo Rudarsko-geoloskog fakulteta
(u daljem tekstu RGF). Kao delovi Geoloskog odseka na RGF-u formiraju se Katedra za
mineralogiju i kristalografiju, kojom rukovodi Stojan Pavlovi¢ i Katedra za petrologiju i
geohemiju, kojom rukovodi Milan Ili¢ (1903 — 1991).

Istovremeno, na inicijativu Pavla Savi¢a, formirana je grupa za strukturna istrazivanja u
tadasnjem institutu ,,Boris Kidri¢” u Vinéi (danas Institut za nuklearne nauke ,,Vinéa®, u
daljem tekstu Institut). PoCetkom 1960. godine Institut dobija vrhunsku opremu za
kristalografska i strukturna istrazivanja: rendgenski difraktometar za prah i neutronski
difraktometar za prah i monokristale. Postavljaju se i prvi kristalografski programi na
raCunarima u Institutu (raunar ZUSE Z23) i gradevinskom preduzecu ,,Energoprojekt”
(racunar Elliott 803 B) i pocinje njihova primena u odredivanju kristalnih struktura
neorganskih soli, kompleksnih jedinjenja i minerala. Odbranjene su i prve dve doktorske
disertacije iz kristalografije na Univerzitetu u Beogradu: Ilija Krstanovié¢, 1961,
»Rendgensko ispitivanje strukture minerala grupe cirkona i monacita”; Ljubica Manojlovi¢,
1963, ,Rendgeno-strukturna studija kristalne 1 molekulske strukture jedinjenja
p:p’-dihidroksitiobenzofenon monohidrata”. U Institutu je znacajna primena kristalografije
u razvoju keramickih materijala, dok se na Katedri za mineralogiju i petrologiju RGF-a
nastavlja proucavanje minerala (serpentina, minerala glina itd.). U to vreme rendgenskom
kristalografijom u Institutu bave se Rajna Herak (penzionisana 1991) i kasnije Bogdan
Prelesnik (1938 — 1996). Oboje su bili eminentni kristalografi koji su publikovali veliki
broj radova i opremili laboratoriju novim difraktometrom (Enraf-Nonius CAD4) za
prikupljanje difrakcionih podataka na monokristalima.

Nedugo posle formiranja Katedre za mineralogiju i kristalografiju na RGF-u ve¢ 1963.
godine, uvode se novi predmeti, a Laboratorija za kristalografiju nabavlja nove aparate:
automatski rendgenski difraktometar za monokristale SYNTEX P 1 1 rendgenski
difraktometar za polikristalne uzorke PHILIPS PW 1710. Pocetkom sedamdesetih godina
sa novom opremom i ra¢unarima vecih kapaciteta, kao i kadrom obrazovanim u
prethodnom periodu, naglo raste znacCaj i obim kristalografskih istrazivanja, kako
fundamentalnih, tako i primenjenih. U nekoliko velikih preduzec¢a i manjih instituta (fabrici
vatrostalnih opeka ,Magnohrom” u Kraljevu, Institutu za bakar u Boru, Saveznom
geoloskom zavodu, Institutu ,,Mihajlo Pupin”) formiraju se kristalografske laboratorije u
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kojima se prati proces proizvodnje. U okviru fundamentalnih istrazivanja, koje se odvija na
Katedri za mineralogiju i kristalografiju RGF-a i Institutu, postignuti su znacajni rezultati.
Uspesnom saradnjom ostvaren je evropski nivo istrazivanja o ¢emu svedo¢i vise nau¢nih
radova iz ove oblasti objavljenih u renomiranim nau¢nim ¢asopisima. Osim toga na Katedri
za mineralogiju i kristalografiju RGF-a i Institutu obrazuje se jedan broj istrazivaca koji
posle odbranjenih magistarskih i doktorskih teza nalaze svoje mesto na drugim
univerzitetima i u industriji. Godine 1973. u zvanje asistenta za predmet ,,Kristalografija”
postavljen je Radovan Dimitrijevi¢ (1947 —2010), 1974. godine pocinje da radi Ljiljana
Karanovi¢, a 1988. godine za asistenta pripravnika izabrana je Aleksandra Rosic.
Reorganizacijom Rudarsko-geoloskog fakulteta 1991. godine formiran je Institut za
mineralogiju, kristalografiju, petrologiju i geohemiju, a u okviru Instituta Cetiri katedre od
kojih je jedna Katedra za kristalografiju. Od osnivanja samostalne Katedre za
kristalografiju 1991. godine, razvijaju se rendgenska, opticka i geometrijska kristalografija.
Pocetkom devedesetih, 1992. godine, poéinju da rade Aleksandar Kremenovi¢ i Irena
Petrovi¢-Prelevic.

Jugoslavenski centar za kristalografiju i Srpsko kristalografsko drustvo

Kristalografi Jugoslavije radili su u okviru Jugoslavenskog centra za kristalografiju
(JCK). Osnovalo ge je predsednistvo tadasnje Jugoslavenske akademije znanosti i
umjetnosti (JAZU) u Zagrebu sa zadatkom unapredivanja kristalografije i njene primene u
nauci i tehnici. Osnivacka sednica odrzana je 30. maja 1966. godine u Zagrebu kojoj je
prisustvovalo 19 kristalografa iz cele Jugoslavije medu kojima i Rajna Herak.

e

Bela Ribar, Rajna Herak, Slobodanka Stankovié,

prvi predsednik SKD zasluzni ¢lan SKD predsednica SKD u periodu od
(1930 — 2006) 1995. do 2004. godine

Na Skupstini Internacionalne unije za kristalografiju (International Union of
Crystallography, IUCr) odrzanoj 12. jula 1966. godine, u toku 7. Kongresa [UCr u Moskvi,
JCK je primljen u punopravno ¢lanstvo te medunarodne organizacije. Prva konferencija
JCK odrzana je u Zagrebu 19. i 20. decembra 1966. godine kad je usvojen i Statut. Odrzana
je prva Skupstina JCK i izabran Odbor JCK. Clanovi odbora iz Beograda bili su Ilija
Krstanovi¢ i Ljubica Manojlovi¢. Odrzana su Cetiri plenarna predavanja i 22 saopstenja iz
raznih oblasti kristalografije. U Svetskom imeniku kristalografa (World Directory of
Crystallographers), prema podacima koje je prikupila Katarina Kranjc (1915-1989), tada



8 21* CONFERENCE OF THE SERBIAN CRYSTALLOGRAPHIC SOCIETY

poznati kristalograf iz Zagreba, u Jugoslaviji su 1965. godine radila 54 kristalografa. U
istom imeniku, prema podacima koje je prikupila Dubravka Matkovié-Calogovi¢, takode
kristalograf iz Zagreba, u Jugoslaviji su 1990. godine radila 154 kristalografa §to govori o
uspesnom razvoju kristalografije u tom periodu. JCK je redovno odrzavao godisnje
konferencije unapredujuci saradnju jugoslovenskih i inostranih kristalografa u toku svih 25
godina postojanja. Zbog dobre saradnje sa italijanskim kristalografima svaka treca
konferencija bila je zajednic¢ka i naizmeni¢no su se odrzavale u Italiji i Jugoslaviji: prva je
odrzana 1973. u Trstu, druga 1976. u Dubrovniku, tre¢a 1979. u Parmi, ¢etvrta 1982. na
Bledu, peta 1986. u Padovi i Sesta, poslednja, 1989. godine u Puli. Godis$nje konferencije
JCK organizovane su i odrzane u gradovima: Zagreb, Beograd, Zagreb, Bled, Zenica, Novi
Sad, Opatija, Trst, Portoroz, Kumrovec, Dubrovnik, Budva, Preddvor, Parma, Bor, Skoplje,
Bled, Plitvice, Ljubljana, Sarajevo, Padova, Mostar, Novi Sad, Pula, i poslednja 25.
konferencija u Sisku 1990. godine [3].

Nastavak delatnosti bivseg JCK na
teritoriji Republike Srbije organizovan
je kroz rad Srpskog kristalografskog
drustva (SKD). Osnivacka skupstina
SKD odrzana je 7. maja 1992. godine
u Svecanoj sali Rudarsko-geoloskog
fakulteta Univerziteta u Beogradu u
prisustvu viSe od 50 ucesnika i gostiju.
Za prvog predednika SKD izabran je
Bela Ribar (1930 —2006) iz Instituta
za fizikn PMF-a u Novom Sadu, za
potpredsednika Ilija Krstanovi¢, tada
Sef Katedre za kristalografiju RGF-a, a
za sekretara Ljiljana Karanovi¢, koja
je na toj duznosti ostala do 2003.
godine. Za ¢lanove predsednistva
izabrani su  Bogdan  Prelesnik
(Institut),  Slobodanka  Stankovi¢
(PMF, Novi Sad), Svetislav Janji¢
(Institut za bakar, Bor) i Dobrica
Stojanovi¢ (,,Magnohrom”, Kraljevo).

Prva konferencija SKD odrzana je
, B od 30. do 31. oktobra 1992. godine u
f" /‘t "ﬂ i d &\ Beogradu. Preko 40 ucesnika odrzalo
Gpa kritalografa Univerziteta u Beogradu, 1986. je 3 plenarna predavanja i 25
godine, s leva na desno Radovan Dimitrijevi¢  saopStenja. Druga konferencija SKD
(1947-2010), Ljiljana Karanovi¢, Dejan Poleti i Ilija  odrzana je 24. septembra 1993. godine
Krstanovi¢ (1927 - 2011). takode u Beogradu uz prisustvo oko

40 ucesnika. Saopsteno je 20 referata.
Te godine SKD je primljen u Internacionalnu uniju za kristalografiju na 16. Kongresu IUCr
u Pekingu u Kini. Izmedu II i III Konferencije SKD je postao ¢lan i Evropske
kristalografske asocijacije (European Crystallographic Association, ECA). Slobodanka
Stankovié, predsednica SKD u periodu od 1995. do 2004. godine, prisustvovala je kao
delegat SKD na Kongresu u Kini i na sednici ECA u Drezdenu u Nemackoj. U istom
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periodu Dejan Poleti je prikupio i poslao podatke o svim ¢lanovima SKD za IX izdanje
Svetskog imenika kristalografa. Bilo ih je 34 te 1993. godine. Svake godine SKD
organizuje konferenciju i poziva kristalografe iz inostranstva da odrze plenarna predavanja.
Konferencije SKD su organizovane i odrzane u gradovima: 1/1992 Beograd, 11/1993
Beograd, I11/1994 Novi Sad, IV/1995 Vrnjacka Banja, V/1996 Pali¢, VI/1997 Sokobanja,
VII/1998 Vrnjacka Banja, VIII/2000 Kragujevac, 1X/2001 Novi Sad, X/2002 Sokobanja,
X1/2003 Oplenac, XI1/2004 Kragujevac, XII1/2006 Novi Sad, XIV/2007 Vrsac, XV/2008
D. Milanovac, XV1/2009 Divéibare, XVII/2010 Ivanjica, XVIII/2011 Andrevlje, XIX/2012
Bela Crkva, XX/2013 Avala, XXI/2014 Uzice. Pre odrzavanja Konferencije, Stampa se
publikacija koja sadrzi izvode svih radova na srpskom i engleskom jeziku. Finansijska
sredstva za odrzavanje konferencije i c¢lanarinu IUCr delimi¢no pokriva nadlezno
ministarstvo Republike Srbije.

Kristalografija danas — obrazovni i nau¢no-istrazivacki rad

U okviru SKD danas radi nekoliko grupa kristalografa na fakultetima i institutima
Univerziteta u Srbiji. Grupa na Rudarsko-geoloskom fakutetu, gde su otpocela
kristalografska istrazivanja u Srbiji, sada radi pod rukovodstvom Ljiljane Karanovi¢, Sefa
Katedre za kristalografiju. Clanovi Katedre za kristalografiju su Aleksandar Kremenovié,
predsenik SKD u periodu od 2006. do 2010. i Aleksandra Rosi¢, sekretar SKD u periodu
od 2003. do 2013. godine. Mladi saradnik, Predrag Vuli¢, koji je doktorirao 2010. godine u
Insbruku na Institutu za mineralogiju i1 petrografiju (Institut fiir Mineralogie und
Petrographie, Universitdt Innsbruck) kod profesora Folkera Kalenberga (Volker
Kahlenberg) radi na projektima Ministarstva prosvete, nauke i tehnoloskog razvoja
Republike Srbije. Ova se grupa prvenstveno bavi prou¢avanjem minerala i novih, prirodnih
ili sintetickih materijala, savremenim kristalografskim metodama. Istovremeno, to je danas
jedino mesto u Srbiji gde se studira kristalografija na trogodi$njim osnovnim akademskim
studijama i dvogodi$njim diplomskim akademskim studijama u okviru 13 kristalografskih
predmeta. Doktorske studije iz kristalografije traju tri godine, ukljucuju 7 kristalografskih
predmeta, a po zavrSenim studijama stice se zvanje doktora nauka iz kristalografije.

Rad iz kristalografije na Tehnolosko-metalur§kom fakultetu u Beogradu otpocele su na
metalurgiji Mileva Roguli¢ i neSto kasnije na analitickoj hemiji Jelica MiSovié
(1924 — 2010). Veliki doprinos dao je i Velimir Radmilovi¢, narocito u oblasti legura i
elektronskoj mikroskopiji. Grupu, koja se danas bavi sintezom i rendgenskom strukturnom
analizom kompleksnih jedinjenja, kao i sintezom i karakterizacijom razlicitih, pre svega
oksidnih materijala, vodi Dejan Poleti, potpredsednik SKD u perodu od 1995. do 2004, a
mladi saradnik mu je Jelena Rogan, sadasnji sekretar SKD.

U Novom Sadu radi Laboratorija za strukturnu analizu kristala Instituta za fiziku
PMF-a, koju je 1973. godine osnovao Bela Ribar, prvi predsednik SKD u periodu od 1991.
do 1995. godine. Na Skupstini SKD odrzanoj 1995. godine za novog predsednika izabrana
je Slobodanka Stankovi¢, dugogodisnji ¢lan iste Laboratorije. Na istoj Skupstini zbog
izuzetnog doprinosa razvoju kristalografije u nasoj zemlji za pocasne predsednike drustva
izabrani su Bela Ribar i Ilija Krstanovi¢, a za zasluznog ¢lana izabrana je Rajna Herak.
Danas grupu na PMF-u u Novom Sadu vodi Srdan Raki¢, koji zajedno sa starijim
kolegama Vladimirom Divjakovicem, Agne§ Kapor, sadasnjom potpredsednicom SKD, i
DuSanom Lazarom kao i mladom koleginicom Oliverom Klisuri¢ radi na rendgenskoj
strukturnoj analizi i ispitivanju polikristalnih materijala. To je grupa koja jedina u Srbiji
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danas ima savremen rendgenski difraktometar za monokristale (Oxford Diffraction
Xcalibur S), a takode i Rigaku MiniFlex difraktometar za rad sa polikristalnim
materijalima. Primetan doprinos kristalografiji dala je i grupa sa Departmana za hemiju
istog fakulteta u Novom Sadu pod rukovodstvom Vukadina Leovca uz uces¢e Valerije
Cesljevi¢ i nekoliko mladih saradnika. Oni pre svega rade na sintezi, karakterizaciji i
dobijanju monokristala kompleksa sa ligandima na bazi tiosemikarbazida. Kursevi iz
kristalografije na PMF-u u Novom Sadu su izborni na osnovnim i diplomskim akademskim
studijama na departmanima za fiziku i hemiju.

Dve grupe hemicara na Hemijskom fakultetu u Beogradu predvodene Snezanom Zari¢ i
Katarinom Andelkovi¢ koriste kristalografske metode u svojim ispitivanjima struktura
neorganskih jedinjenja, nekovalentnih interakcija i teorijskih izraCunavanja energije
kristalnih sistema. Jedna grupa hemicara na Departmanu za hemiju Univerziteta u
Kragujevcu koju vodi Sre¢ko Trifunovié, sadasnji predsednik SKD, bavi se prvenstveno
sintezom kristala, a koristi i neke kristalografske metode u ispitivanju kristalnih struktura.

Na svim pomenutim fakultetima u rad su ukljuceni i mladi istrazivaéi kao i studenti
doktorskih studija.

Grupa ucesnika X Konferencije SKD u Sokobanji 2002. godine: stoje, s leva gore,
Bratislav Anti¢, Srdan Raki¢, Aleksandar Pordevi¢, Miodrag Mitri¢, Vladan Kusigerski,
Agnes Kapor, Aleksandar Kremenovi¢, Rajna Herak, DuSan Lazar, Gordana Raduki¢,
Jelena Rogan, Slobodanka Stankovié¢, Aleksandra Rosi¢, Borislava Markov, Milica
Vucini¢, Anne Spasojevi¢-de Biré, Bojan Marinkovié, Ljiljana Karanovi¢, Dejan Poleti.

Dve grupe kristalografa deluju u okviru Laboratorije za teorijsku fiziku i fiziku
kondenzovane materije u Institutu. Prva grupa, koju su osnovali Rajna Herak i Bogdan
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Prelesnik 1950. godine i u kojoj danas rade Goran Bogdanovi¢, rukovodilac, Zoran Tomi¢ i
Sladana Novakovié, bavi se rendgenskom strukturnom analizom kompleksnih jedinjenja i
koristi stari difraktometar za monokristale Enraf-Nonius CAD4. U poslednje vreme fokus
je na ispitivanju slabih medumolekulskih interakcija, vodoni¢nih veza i elektronske gustine
u kristalima. Drugu grupu formirao je Dubravko Rodi¢ (1955 —2001), danas je vodi
Vojislav Spasojevié, a u njoj rade Miodrag Mitri¢, Vladan Kusigerski, Bratislav Anti¢,
Ivica Bradari¢, Jovan Blanusa, Natasa Jovi¢ i drugi mladi saradnici. Oni se bave sintezom,
rendgenskom strukturnom analizom, ispitivanjem magnetnih struktura i osobina
polikristalnih magnetnih nanomaterijala. Imaju moderan difraktometar za prah Bruker AXS
DS. Ova grupa svake godine organizuje dodelu nagrade mladim istraziva¢ima za postignut
uspeh u oblasti kristalografije u Srbiji, koja nosi ime po prerano preminulom kristalografu
Dubravku Rodi¢u. Nagradu ,,.Dubravko Rodi¢” do sada su dobili: Sladana Novakovié
2008, Emil Bozin 2009, Tamara Pordevi¢ 2010, Olivera Klisuri¢ 2011, Predrag Vuli¢
2012, i Jelena Rogan 2013. godine. Trecu grupu u Institutu vodi Branko Matovi¢ Sef
Laboratorije za materijale. Ovu Laboratoriju osnovala je Snezana Boskovi¢, a u njoj danas
radi Ana Radosavljevi¢-Mihajlovi¢, Anja DoSen, koja je doktorirala 2009. godine u
Americi na drzavnom univerzitetu drzave Nju Jork u Bafalu (University at Buffalo The
State University of New York, Department of Geology) kod profesora R. Gizea (Rossman F.
Giese), Marija Prekajski i nekoliko mladih istrazivaca koji se bave sintezom i
karakterizacijom novih keramickih materijala, ¢vrstih rastvora koji se koriste u elektronici
itd.

Grupa ucesnika XII Konferencije SKD u Kragujevcu 2004. godine: stoje, s leva gore na zidu,
Danijela Trifunovi¢, Zorica Bugarci¢, Verica Jevti¢, Goran Kaluderovi¢, Tanja Soldatovi¢, Biljana
Kriiger-Lazi¢, Irena Petrovi¢-Prelevié, Jelena Rogan, Aleksandra Dapcevié, s leva dole ispred zida,
Aleksandar Kremenovi¢, Filip Bugarci¢, Mirjana Vukicevi¢, Rastko Vukiéevi¢, Agnes Kapor,
Predrag Vuli¢, Slobodanka Stankovié, Srdan Raki¢, Tibor Sabo, Folker Kalenberg, Aleksandra Rosi¢,
Ljiljana Karanovi¢, ¢uce Dejan Poleti, Sre¢ko Trifunovi¢ sa ¢erkom Dunjom.
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[1] Lives and Work of Serbian Scientists, Edited by Vladan Djordjevi¢, Dragomir
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A SHORT HISTORY OF CRYSTALLOGRAPHY OVER VERY
LONG TIMES

D. Poleti®, Lj. Karanovi¢®

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

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

This lecture is organized in five parts with some overlap between them (the main
sources are given in parentheses):

1. Roots of crystallography
(Early historical notes about crystals and crystallography;
http://www .xtal.iqfr.csic.es/Cristalografia/parte 01 1-en.html)

2. Crystallography in Serbia, 19" century
(Plenary lecture of Lj. Karanovi¢ for Austrian Mineralogical Society — Osterreichische
Mineralogische Gesellschaft, 2005)

3. Milestones of X-ray crystallography and Nobel Prize winners
(http://www.iucr.org/people/nobel-prize)

4. Crystallography in YU(goslavia), 1966 — 1990

5. Crystallography in Serbia, last 22 years
(The last two parts are based on the Lj. Karanovi¢’s article published in Book of
Abstracts)

In the first part, a brief history of crystallography from prehistoric times up to the end of
the 19" century was described. This is accompanied by a list of numerous scientists,
starting with Kepler, over Steno, Cappeller, de I'Isle, Haily, Hessel, Bravais, and ending
with Fyodorov and Schoenflies, which significantly contributed to the basic principles of
geometrical crystallography. By writing about snowflakes and their hexagonal symmetry,
Johannes Kepler gave the first mathematical description of crystals in the beginning of the
17" century. One can say that development of geometrical crystallography has been
finished at the end of the 19" century (in 1890 — 1891) with a definition of the 230 space
groups done by Fyodorov and Schoenflies.

In the section Crystallography in Serbia, 19" century, a short survey of crystallographic
(or mineralogical) studies was given. In those times crystallography was under the
sponsorship of Serbian monarchs, and it was mainly devoted to the search for new
minerals. Unfortunately, none of described species (Miloschit, Alexandrolite, Avalite,
Milanite) was approved as a really new mineral. Already in the year 1863 the
Mineralogical cabinet was established at the Belgrade High School. At the end of 1880s the
Cabinet had a collection of minerals and rocks, 20 structural models, optical goniometer,
refractometer and polarization microscope. Also, two textbooks: “Geometrical
Crystallography” (1903) and “Physical Crystallography” (1910) were published by the
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prominent mineralogist and petrologist Sava UroSevi¢. All this facts tells us about very
serious crystallographic education in Serbia at the end of the 19™ and the beginning of the
20" century. Svetolik Stevanovié (1869 —1953) is believed to be the first Serbian
crystallographer working on silicates and sulfide minerals. He received his Ph.D. in
Munich (mentor: Professor M. Grota) in 1902.

In the third part the most important milestone discoveries and outstanding scientists
meritorious for development of X-ray crystallography in the 20™ and 21* century were
listed. With the help of them, today we know crystal structures of approximately one
million of substances, with precision of unit cell parameters, atomic coordinates and bond
distances of about 0.001 A. A statistical survey shows that number of Nobel Prizes related
to crystallography significantly increases starting from 1980s. Already 7
‘crystallographical’ Nobel Prizes were granted between the years 2001 and 2013, and yet 5
Prizes could be expected until the end of this decade. Since there is no Nobel Prize for
crystallography, it appears as award for chemistry, physics and eventually (only once) for
medicine. So far, 29 Nobel Prizes can be classified as granted for crystallography and
related sciences; in total there are 39 winners, but only 2 ladies!

An intensification of crystallographic research in Yugoslavia, followed by the crystal
structure solution and refinement based on single-crystal X-ray diffraction, started in
1950s. As the result, in the year 1966 the Yugoslav Centre for Crystallography (YCC) was
founded. There is no an official statistics, but YCC was, with no doubt, among first 10
national crystallographic societies in the world. The corresponding 25 conferences were
organized every year throughout the former Yugoslavia, although studies were mainly
concentrated in Slovenia, Croatia and Serbia. Due to excellent cooperation, starting from
1973 every third Conference was held as joint Yugoslav-Italian Meeting (3 times in Italy
and 3 times in Yugoslavia); the last one was in Pula, Istria in 1989.

After the breakdown of Yugoslavia, crystallographers from Serbia were organized in
the Serbian Crystallographic Society (SCS), which was established in the year 1992. SCS is
a member of the International Union for Crystallography and European Crystallographic
Association. Meanwhile, 20 conferences were organized in all parts of Serbia. The only
interruption was in the year 1999 due to NATO bombardment. One short break was in the
year 2005 when the conference was moved from autumn to spring term. For 20 years we
had 60 plenary lectures and about 520 oral or poster presentations. Practically, since the
first days, Book of Abstracts was prepared before the conference with contributions printed
in Serbian and English.
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KRATKA ISTORIJA KRISTALOGRAFIJE TOKOM VEOMA
DUGOG VREMENSKOG PERIODA

D. Poleti®, Lj. Karanovi¢®

“ Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd,
Srbija; " Laboratorija za kristalografiju, Rudarsko-geoloski fakultet, Univerzitet u
Beogradu, Pusina 7, 11000 Beograd, Srbija

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

Priblizno slededi istorijski redosled, predavanje je podeljeno u pet delom preklopljenih
celina (u zagradama su dati odgovarajuci izvori):
1. Temelji kristalografije

(Early historical notes about crystals and crystallography;

http://www .xtal.iqfr.csic.es/Cristalografia/parte_ 01 1-en.html)

2. Kristalografija u Srbiji, XIX vek
(Plenarno predavanje Lj. Karanovi¢ za Austrijsko mineralosko drustvo, 2005)

3. Prekretnice u rendgenskoj kristalografiji i dobitnici Nobelovih nagrada za
kristalografiju

(http://www.iucr.org/people/nobel-prize)
4. Kristalografija u YU(goslaviji), 1966 — 1990.

5. Kristalografija u Srbiji, poslednje 22 godine
(Poslednja dva dela zasnovana su na ¢lanku Lj. Karanovi¢ Stampanom u Knjizi izvoda.)

U prvom delu opisana je istorija kristalografije od praistorijskih vremena do kraja XIX
veka. Pobrojani su mnogi nauénici, pocev od Keplera, preko Stenoa, Kapelera, de Lila,
Ajia, Hesela, Bravea, do Fjodorova i Senflisa, koji su uspostavili osnovne principe
geometrijske kristalografije. Bave¢i se sneznim pahuljicama i njihovom heksagonalnom
simetrijom, Johanes Kepler je dao prvi matematicki opis kristala jo§ poc¢etkom XVII veka,
a moze se reci da je razvoj geometrijske kristalografije zavrSen definisanjem 230 prostornih
grupa od strane Fjodorova i Senflisa na kraju XIX veka (1890 — 1891).

U poglavlju Kristalografija u Srbiji, XIX vek dat je kratak pregled kristalografskih (ili
mineraloskih) ispitivanja u Srbiji u XIX i na pocetku XX veka. Kristalografija se u tom
periodu razvijala pod patronatom srpskih monarha, pre svega kroz istrazivanja novih
minerala. Nazalost, nijedan od tada opisanih uzoraka (milosit, aleksandrolit, avalit, milanit)
nije potvrden kao stvarno novi mineral. Ve¢ 1863. u okviru Beogradske visoke Skole
postojao je Mineraloski kabinet, koji je krajem 1880-ih imao kolekciju minerala i stena, 20
strukturnih modela, opticki goniometar, refraktometar i polarizacioni mikroskop. Dodatno,
knjige koje je 1903. i 1910. objavio poznati mineralog i petrolog Sava UroSevic:
»Geometrijska kristalografija“ i ,,Fizicka kristalografija“ svedoce o veoma ozbiljnom
izuCavanju kristalografije u Srbiji krajem XIX i na pocetku XX veka. Prvim srpskim
kristalografom smatra se Svetolik Stevanovi¢ (1869 —1953), koji je ispitivao silikate i
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sulfidne minerale. Doktorsku titulu stekao je u Minhenu 1902. pod rukovodstvom
profesora M. Grote.

U tre¢em delu navedena su najvaznija otkrica, kao i imena odgovaraju¢ih naucnika
zasluznih za razvoj rendgenske kristalografije u XX i XXI veku. Ta otkrica omogucila su
da se danas znaju kristalne strukture skoro milion jedinjenja, dok su parametri jedini¢nih
éelija, koordinate atoma i duZine veza poznate sa precizno$éu reda velicine 0,001 A. Posto
ne postoji Nobelova nagrada za nasu nauku, nagrada za kristalografiju i srodne oblasti
dodeljena je do sada 29 puta kao nagrada za hemiju, fiziku i eventualno (jednom) za
medicinu. Dobilo ju je 38 nau¢nika, ali samo dve zene! Statisticki pregled pokazuje da broj
Nobelovih nagrada koje su u vezi sa kristalografijom raste iz decenije u deceniju. U
periodu izmedu 2001. i 2013. ve¢ je dodeljeno 7, a moze se ocekivati ¢ak 12 Nobelovih
nagrada do 2020. godine.

Intenzivni razvoj kristalografije u Jugoslaviji, pra¢en reSavanjem kristalnih struktura iz
podataka dobijenih difrakcijom na monokristalima, pocinje pedesetih godina proslog veka.
Kao rezultat toga, 1966. godine osnovan je Jugoslavenski centar za kristalografiju sa
sediStem u Zagrebu (Hrvatska). Ne postoji kompletan pregled, ali je Centar svakako bio
medu prvih 10 sli¢nih nacionalnih drustava u svetu. Centar je redovno, svake godine,
organizovao konferencije, kojih je bilo ukupno 25, a odrzavane su u svim krajevima
Jugoslavije, mada su kristalografska istrazivanja uglavnom bila koncentrisana u Sloveniji,
Hrvatskoj i Srbiji. Pocev od 1973. godine, zahvaljuju¢i dobroj medusobnoj saradnji,
konferencije su svake tre¢e godine odrzavane zajedno sa kolegama iz Italije. Takvih
skupova bilo je ukupno Sest, a poslednji je bio 1989. u Puli.

Posle raspada Jugoslavije, kristalografi iz Srbije 1992. godine osnivaju Srpsko
kristalografsko drustvo. Drustvo je ¢lan Internacionalne unije za kristalografiju i Evropske
kristalografske asocijacije. U meduvremenu odrzano je 20 godis$njih konferencija. Jedini
prekid bio je 1999. godine kada konferencija nije odrzana zbog NATO bombardovanja.
Formalni prekid bio je i 2005. godine zbog promene termina konferencije sa jesenjeg na
prole¢ni. Za 20 godina na konferencijama je odrzano 60 plenarnih predavanja i oko 520
usmenth ili posterskih saopstenja. Prakti¢no od prvih dana, Knjiga izvoda izdaje se unapred
i sadrzi paralelne tekstove na srpskom i engleskom jeziku.
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NANOCRYSTALLINE MIXED METAL OXIDES: SYNTHESIS,
STRUCTURE AND MICROSTRUCTURE

J. Popovié, M. Jurié, L. Andro§, A. Santi¢, K. Mol¢anov, M. Vranki¢

Ruder Boskovi¢ Institute, Bijenicka 54, Zagreb, Croatia
e-mail: jpopovic@irb.hr

The synthesis of nanoparticles has been studied extensively in order to understand
physics and chemistry at a “small” scale and because of promising applications due to their
size-dependent properties [1]. There are two major reasons why nanocrystals and their bulk
counterparts differ from each other: (i) in nanocrystals the number of surface atoms is a
large fraction of the total, (7i) the size of the nanocrystal interior causes a systematic
transformation in the density of electronic energy levels [2]. Namely, in any material the
surface atoms make a distinct contribution to the free energy, so the changes in
thermodynamic properties of the nanocrystals compared to the crystalline bulk material of
same composition can appear (e.g. melting temperature depression, solid-solid phase
transition elevation). Also, changes in thermodynamic stability associated with size can
induce modification of cell parameters and/or structural transformations. To display
mechanical or structural stability, a nanoparticle must have a low surface free energy. As a
consequence of this requirement, phases that have a low stability in bulk materials can
become very stable in nanostructures. This structural phenomenon has been detected in
Ti0,, VO, ALL,O; or MoO, oxides. For (semi)conductors, as the particle gets smaller an
additional effect, the so-called quantum-size or confinement effect, which essentially arise
from the presence of discrete, atom-like electronic states which influences the energy shift
of exciton levels and optical band gap [3]. Therefore, the synthesis of nanoparticles with
controlled size and shape has been found to be demanding for tailoring the desired material
properties since the thermal, electric, optical, catalytic and magnetic properties are strongly
composition-, structure- , but also, size- and shape-dependent [4].

Our work is focused on the development of new synthetic routes for oxide materials
preparation, namely, direct molecular-to-materials pathways which include heterometallic
complexes as single-molecular precursors. Generally, preparation method from single-
molecular precursor [5], as compared to conventional methods, has several advantages:
(i) the obtained material is more homogeneous because the metals are mixed at the
molecular level, (ii) the resulting materials are characterized by relatively high specific
surface areas because they are usually formed under milder conditions, and (iii) bridging or
chelating ligands in the precursor can prevent unwanted metal separation during the oxide
formation.

Structural and microstructural characterisation of Bas;Nb,Oo, BasTa,09, CoMn,O4 and
CaCr,0, will be discussed in details. Simple schematic representation of synthetic pathway
is given in Figure 1.
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This review presentation focuses on the detailed crystal structure information and its
application in mineralogy. Two main actual aspects at the beginning of the XXI century are
discussed. The first one covers the application of the crystal structure analysis to the
materials of high complexity typical in mineralogy. The other is the investigation of
minerals under the conditions of their formation and stability, which in the most cases
implies high temperatures and pressures.

Development of diffractometers with area detectors offers a complete insight into the
diffraction picture of materials and in principle enables the crystal structure analysis of any
small object of millimeter to micron sizes regardless of its complexity. A successful
application of the crystal structure analysis to the complex diffraction records depends on
the skills and insight of the researcher, but also on the computational tools available for the
task. Most minerals have a long and complex history of physical and chemical
circumstances which favour development of specific complex textures, often on very small
scale. Exsolutions formed on surpassing the stability field of a homogeneous solid solution
and topotactic intergrowths developed during a synchronous growth of structurally akin
minerals or during mineral replacements are very abundant in the mineral world and carry
in themselves information of great genetic interest. They are, as a rule, characterized by
substantial diffraction overlap and the information available from non-overlapped parts of
the diffraction record are severely biased by systematic voids in the reciprocal space. The
use of the full record asks for a simultaneous refinement of the crystal structures of all
overlapping components and has been solved by modifications in the refinement
procedures for single crystals [1,2]. Further approaches to multi-component diffraction
patterns have been developed, which base their analysis on summing the diffraction
information of numerous components of the single crystalline phase and in this way surpass
the borders of single crystal and powder diffraction techniques [3].
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Accurate crystal structure data for minerals at their formation conditions are scarce. The
instrumental improvements during the last decades give an increased opportunity to obtain
good quality data from diamond anvil cells and bring hope that we would be able in not so
long time to map accurate crystal structures of minerals under combined high pressure and
temperature in a larger scale. The interpretation of the data has been mostly restricted to
measurements of changes in bond lengths and angles in solids under increasing pressure or
temperature. This neglects the influence of weaker bonding and non-bonding interactions
plus the geometric restrictions of the structural architecture which can also play a
significant role in the stability of a crystal structure. The crystal structure data give a
possibility to calculate real volume-based parameters of the atomic configurations which
give both the characteristics of coordination polyhedra and of the voids in the structure [4].
Use of the volume-based distortion parameters brings new interesting insights, as will be
illustrated for the feldspar group of minerals where a surprising high pressure displacive
transition in a Sr/Ca feldspar to the previously unknown P2,/c feldspar structure is
observed [5]. Investigations at elevated temperatures and pressures on single crystals are
not interesting only for the mapping of their crystal-chemical dynamics. They often reveal
new and unexpected structural transformations, as illustrated by investigations of complex
sulphides with heavy elements featuring lone electron pairs [6,7].

Figure 2. Low-pressure
(a) and the high-pressure
(b) crystal structure of
lillianite (Pb;Bi,S¢) [6].
Surprisingly, the
stereochemical activity of
the lone electron pairs
increases on transition to
the high-pressure phase.
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More than 90 % of the matter in the solar system exists at pressures above 1 million
atmospheres. Pressure and temperature shape our planets and extraterrestrial bodies and
turn everyday liquids and gases into condensed solids, unexpected molecular compounds or
exotic metals. Conditions must be considered to as extreme with respect to the ambient
conditions being exposed as human being. The techniques of structural crystallography are
the tools of choice in order to directly visualize the effects and externally induced changes,
and apart from computational approaches it is the experimental investigation that provides
insight to the limiting factors of stability of a phase and to the mechanisms of
transformation induced by changing exterior conditions.

The technique of single-crystal diffraction receives more and more attention being
implemented for in-situ crystallographic research at non-ambient conditions. Aiming for up
and up higher pressures and temperatures, the available sample size are restricted to a few
crystallites or in many cases to just a single crystal, which can exposed to monitored
(multi)megabar pressures and several thousands of Kelvin on using laser-heating
techniques. Implementations of synchrotron micro-beam techniques and the use of new
detectors with short acquisition times allow even to develop in-situ measurements, which
are resolved in space and time. In this context the newest advancements in high-pressure
crystallography will be reported, which include the experience with new hybrid pixel
detectors at synchrotron beamlines and in-house diffractometers. Within the scope of time-
optimized experiments the possibilities of in-situ high-pressure-high-temperature single-
crystal XRD will be shown, including the drawbacks and experimental challenges, one has
to consider working with HPHT devices on experimental operation of four-circle
diffractometers.

The results of most recent in-situ investigations of the structural behavior, phase
transformations and transformation mechanisms will be exemplified by experimental
investigations on the carbonate phases CaCO; and BaMg(COs),, synthetic pyroxenes and
the studies of the high-pressure behavior of the the mineral cordierite. Moreover, insight to
future attempts as of using nano-polycrystalline diamond anvils for high-quality intensity
data collection at high-pressure conditions will provide some outlook to upcoming
developments and new challenges on the experimental pathway going to extremes in
structural crystallography.
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NiAs,04 represents the first compound in the Ni(Il)-As(III)-O system. The
susceptibility of As(III) to oxidation to As(V) in oxide environments provides high thermal
stability only to ternary X—As—O oxides (X = divalent 3d transition metal) with arsenic in
its higher oxidation state. However, under strict synthetic conditions, XAs,O, can be
formed.

NiAs,O4 was synthesized under mild hydrothermal conditions from a mixture of
Ni(NOs),, As,O3 in a 1:1 molar ratio and distilled water (Teflon-lined steel autoclave,
16 days, autogeneous pressure, Ty, =493 K, pH = 2.5). NiAs,0, forms transparent, green,
elongated prismatic crystals up to 1.6 mm in length (yield ca. 95 %).

The crystal structure of NiAs,04 was refined using single-crystal X-ray diffraction data
(CCD detector, MoKa radiation, 293 K, @p.x=39.12°) starting from the atomic
coordinates of isotypic CoAs,O4 [1]. The refinement on F* with 22 parameters and 595
unique reflections yielded R; =0.0202, wR, =0.0371 and R;=0.0161 for 532 observed
reflections with [>2a(l). Crystal data: space group P4,/mbc, a=8.2277(12),
c=5.6120(11) A, ¥=379.90(13) A3, Z=4.

NiAs,O4 is isostructural with the materials adopting general formula M?**Sb,0,
(M** =Mg, Mn, Fe, Co, Ni, Zn) [2], CoAs,O, [1] and mineral trippkeite, CuAs,0, [3].
Crystal structure of NiAs,O4 contains chains of edge-linked NiOg4 distorted octahedra
(<Ni-O> = 2.046 A) running along [001], where the individual octahedra are oriented such
that the apical bonds (Ni-O1 = 2.1222(13) A) lie perpendicular to [001] and are directed
toward the adjacent chain. These chains are further interconnected via trigonal pyramidal
(AsO;)* units (<As—O> = 1.819 A). The distance between adjacent Ni** cations in a single
chain is 2.80605(5) A, which is somewhat shorter than the Co—Co distance of 2.8140(5) A
in CoAs,O4 [1].

Raman spectra of NiAs,O4 compare very well with the Raman spectra of CoAs,04 [1]
and CuAs,04 [4] [830 (sh), 787 (vs), 579 (m), 526 (m), 470 (m) and 454 (m) cm™'].
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NiAs,O, je mpBa cyncranna y cuctemy Ni(II)—-As(III)-O. Cxnonoct As(IIl) nma ce
okcuayje 1o As(V) y oKCHIalMoHUM cpeinHaMa oMoryhasa BelmKy TepMaiIHy CTaOHIIHOCT
yraaBHOM camo TepHapHHM X—As—O okcuanMma (X = qBoBaneHTHU 3d Mpena3Hu MeTai) ca
apCeHOM Y OKCHIALMOHOM cTamy V. Unak, moja crporo neMHICAHUM YCIOBMMa CHHTE3E,
YCHEIIHO Ce MOTY CUHTETHUCATH CycTaHIle u3 rpyme XAs,Oy.

NiAs,O4 je mobujeH XuapoTepMaiHOM MeToJoM Kao mpom3Boj peakmmje Ni(NOs), u
As,0O; y monckoMm onmHocy 1:1 y3 momarak mectmiioBaHe Boae (TE(IOHCKH CYA, YSIAYHU
aytoxias, 493 K, 16 nana, mouetnu pH = 2,5). NiAs,0,4 KpucTanuiie y BUaAy Ipo3padHuXx,
U3IYXKEHO MPU3MAaTUYHUX 3eJIEHUX KpUCTala, Tyraykux 1 1o 1,6 mm.

Kpucranna crpykrypa NiAs,O, yTaumeHa je METOAOM pPEHAreHCKe Au(pakiuje Ha
monokpucrairy (CCD paBHu nerextop, MoKa peHAreHCKO 3pauewne, 293 K, G = 39,12 ©)
MOYEBINN OJl aTOMCKHX KoopawmHaTa m30cTpyKTypHOT Co0As,O4 [1]. YTaumaBamem 22
napameTpa nobujenu cy ciaenehu R-pakropu: Ry = 0,0202, wR, =0,0371 u R; =0,0161 3a
532 peduekcuje ca 1> 20(]). Kpucmanoepagcku nooayu: mpocropHa rpyna P4,/mbc,
a=28,2277(12), c = 5,6120(11) A, V'=379,90(13) A3, Z= 4.

NiAs,0, je M30CTpYKTypaH ca jeammemnma ommte popmyre M Sb,0, (M = Mg,
Mn, Fe, Co, Ni, Zn) [2], CoAs,04 [1] 1 Munepanom tpunkeuroM, CuAs,04 [3]. Kpucranua
crpykrypa NiAs,O4 cactoju ce ox aepopmucanux okraemapa NiOg IOBe3aHHX IPEKO
usuna (<Ni—0> = 2,046 A) nyx [001] npasua. [TojeMHaYHN OKTAaeApH OPHjEHTUCAHH CY
tako na BpmHe Bese (Ni—O1 = 2,1222(13) A) nexe napanenno [001] mpasiy u ycmepeHe
Cy IIpeMa CyCeJHOM JIaHLy. TH JIaHIM Cy HaJajbe NOBE3aHH NPEKO TPUTOHATHHUX MHPaMHIa
(AsO;)’ (<As—O> = 1,819 A). Pacrojame u3mely cycemunx Ni*'-kaTjoHa y HCTOM JaHILy
je 2,80605(5) A, mrro je mano mysxe Hero pacrojame Co—Co ox 2,8140(5) A y CoAs,0,
[1].

Pamancku cnektpu NiAs,O4 0/uIM4HO ce ciaxy ca pamaHckuM criektpuma CoAs,Oy [1]
1 CuAs,0, [4] [830 (sh), 787 (vs), 579 (m), 526 (m), 470 (m) and 454 (m) cm'].
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Two novel microporous compounds, (C,H;oN,)(Cog1Zng9As0,),, (=ZnCoAs), and
H; 3(CoHgNy)(Feg1Zng9AsQ,),, (= ZnFeAs), containing ethylenediamine molecules
C,H4(NH,), (=en) and ethylenediammonium cations [C,H4(NH;),]*" (= Hoen®") were
synthesized under hydrothermal conditions. ZnCoAs crystallized as prismatic cobalt blue,
while ZnFeAs as prismatic reddish brown transparent crystals. The crystal structures of
both compounds showed twinning by rotation and were refined in the tetragonal space
group P4,/n (86) from twinned single crystals. Crystal data: ZnCoAs/ZnFeAs:
a=10.6845(15)/10.6819(15), ¢ =9.0492(18)/9.0590(18) A, ¥ =1033.0(3)/1033.7(3) A°,
Z =4. The refinement on F* with 85 parameters and 1802/1800 unique reflections yielded
R, =0.0536/0.0340, wR, = 0.0592/0.0573 and R, = 0.0332/0.0265 for 1466/1630 observed
reflections with 1 > 20([).

The zeolite-like DFT (Davy Faraday Research Laboratory Two) anionic frameworks
are built from AsO, tetrahedra alternating with 70, tetrahedra, 7= Co, Fe, Zn. They are
linked through their vertices generating 4M, 6M and 8M tetrahedral rings, which produce
three mutually perpendicular 8M ring channels. At the intersections of these channels
Hien®" ions are accommodated and hydrogen-bonded to the oxygens of the anionic
framework. In ZnFeAs a small amount of the Fe*" has been substituted for Zn>". It was
assumed that the electrical balance was accomplished by the simultaneous substitution of
H,en®" cations by electroneutral en and that the reduction of Fe** to Fe*" is less possible,
although not entirely excluded. The mixed Zn/Co and Zn/Fe sites in both structures were
constrained to full occupancy and refined with the identical fractional coordinates and
atomic displacement parameters for both atoms. Site occupancies of 0.91(1) and 0.09(1)
were obtained for Zn and Co as well as for Zn and Fe, respectively.

Infrared (IR) spectra of ZnCoAs an ZnFeAs compare very well with each other: the
peaks at 857 (sh), 832 (vs), 796 (sh), 504 (sh), 479 (s), 460 (sh) represent the streatching
frequences of AsO; molecule and compare well with the IR spectra of adamite,
Zny(AsO4)(OH) [1]. In the spectral region between 4000-900 cm ™' are numerous bands,
which match well to the various methylene and NH, group vibrations [2].
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Dva nova mikroporozna jedinjenja, (C,H;oN2)(Cog1Zn99AsOs), (=ZnCoAs), i
H, s(CoHgNy)(Feo1Zng9AsOs), (= ZnFeAs), koja sadrze molekule etilendiamina,
C,H4(NH,), (= en), i katjone etilendiamonijuma, [C,H4(NH3),]*" (= Hyen®"), sintetisani su
hidrotermalnom metodom. ZnCoAs kristaliSe u vidu kobaltnoplavih prizmaticnih, a
ZnFeAs u vidu crvenkastomrkih prizmati¢nih providnih kristala. Strukture oba jedinjenja
pokazuju bliznjenje sa gotovo identicnim zapreminskim odnosom izmedu dve blizne
individue i utanjene su u tetragonalnoj prostornoj grupi P4,/n (86). Jedinicna Celija:
ZnCoAs/ZnFeAs: a=10,6845(15)/10,6819(15), ¢ =9,0492(18)/9,0590(18) A,
V'=1033,0(3)/1033,7(3) A’>, Z=4. Uta¢njavanjem 85 parametara dobijene su sledece
vrednosti R-faktora: R, = 0,0536/0,0340, wR, = 0,0592/0,0573 za svih 1802/1800 refleksija
iR =0,0332/0,0265 za 1466/1630 refleksija sa I > 20(]).

Anjonske mreze zeolitskog DFT-tipa (od eng. Davy Faraday Research Laboratory
Two) izgradene su od naizmeni¢nih AsOy-tetraedara i 7O,-tetracdara (7= Co, Fe, Zn)
povezanih preko zajednickih rogljeva formirajuci 4M, 6M 1 8M tetraedarske prstenove, koji
formiraju tri medusobno normalna 8M kanala. U preseku ovih kanala smeSteni su joni
H,en®', koji su vodoninim vezama povezani sa susednim atomima kiseonika anjonske 3D
mreze. U ZnFeAs mala koli¢ina Fe’* zamenjuje Zn®". Balans naelektrisanja postize se
istovremenom zamenom Hen’"-katjona elektroneutralnim molekulom en. Redukcija Fe'" u
Fe*" manje je verovatna, iako ne potpuno iskljuéena. MeSoviti polozaji Zn/Co i Zn/Fe u
obe strukture utacnjavani su do punog zauzeca sa strogim ograni¢enjima (identi¢ne
frakcione koordinate i parametri pomeranja atoma za oba atoma). U obe strukture dobijene
su jednake vrednosti faktora zauzeca, 0,91(1) za Zn i 0,09(1) za Co, tj. Fe.

Infracrveni spektri (IC) ZnCoAs i ZnFeAs veoma dobro se slazu jedan sa drugim:
pikovi na 857 (sh), 832 (vs), 796 (sh), 504 (sh), 479 (s), 460 (sh) predstavljaju rastezuce
vibracije AsO4-molekula 1 pokazuju dobro slaganje sa IC-spektrom adamita,
Zny(AsO4)(OH) [1]. U spektralnom opsegu izmedu 4000-900 cm ™' nalaze se brojni pikovi
koji se slazu sa razli¢itim vibracijama metilen- i NH,-grupa [2].
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In this paper the structure of trans(Og) isomer of nickel(Il) complex with
1,3-propanediamine-N, N -diacetic-N, N -3-dipropionic acid was explored (Figure 1). The
complex fortuitously obtained in synthesis of complex Ba[Ni(1,3-pd2ap)(H,0)],'8H,0 [1].
Each asymmetric unit of [Ba(H,O)4][Ni(pddadp)]-4H,O unit cell consisted of three
moieties: an anionic [Ni(pddadp)]*" complex, a cationic hydrated barium complex and a
solvate water molecule. The frans(Og)-[Ni(pddadp)]* entity contains a Ni(Il) atom in a
distorted octahedral N204 environment. There are four equatorial bonds with lengths:
Ni-N1 (2.083(3) A), Ni-N2 (2.084(3) A), Ni-O1 (2.040(3) A), Ni-02 (2.038(3) A) and
two longer axial bonds: Ni-O3 (2.108(2) A), Ni-O4 (2.129(2) A). Three equatorial rings,
two five-membered and one six-membered are present. Five-membered equatorial rings
have envelope and half chair conformation, while six-membered has boat conformation. In
axial plane there are two six-membered carboxylate rings.

Crystal data: triclinic, space group Pl, a=9.1850(6), b=12.0034(8),
c=12.2326(7) A, a=101.841(5), f=109.551(6), y=95.576(6)°, V=1223.59(15)A°,
Z=2,p=18197(2) gecm, u = 14.083 mm ™', F(000) = 676.0, R = 2.56 %.

A2

Figure 1. Asymmetrical unit of trans(Os)-[Ba(H,0)4][Ni(pddadp)]-4H,O complex

[1] S. Belosevi¢, M. Cendi¢, M. Djuki¢, M. Vasojevi¢, A. Meetsma, Z.D. Matovié, Inorg.
Chim. Acta, 399 (2013) 146-153.
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TRANS(Og) [Ba(H,0)4][Ni(pddadp)]-4H,O
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VY oBoMm pany u3yuaBaHa je cTpykrypa trans(Og) m3omepa komruiekca Hukna(ll) ca
1,3-nmponanauamuH-N, N -muanerat-N, N -3-IUIIPONNOHCKOM ~ KucenmuHOM  (cimka  1).
Komriexe je HEOYEKHUBAHO nobujeH y CHUHTE3H KOMILIEeKCa
Ba[Ni(1,3-pd2ap)(H,0)],-8H,0 [1]. CBaka acuMeTpu4Ha jeIWHHUIA jeAWHUYHE henwmje
[Ba(H,0),][Ni(pddadp)]-4H,O cacroju ce ox Tpu MOJIEKYJICKE KOMIIOHEHTE: aHjOHCKOT
[Ni(pddadp)]*” komItekca, XHAPATHCAHOT KATjOHA GAaphjyMa Kao M COJBATHHX MOJEKyIa
Bome. Trans(Og) [Ni(pddadp)]” jemmunmia campu atoM HHKIA y IHCTOPTOBAHOM
okraenapckoM N204 okpyxemy. Y joOHy Cy NPHCYTHE YETHPH €KBaTOpHjaJIHE Be3e
ayxune: Ni-N1 (2,083(3) A), Ni-N2 (2,084(3) A), Ni-Ol1 (2,0403) A), Ni-O2
(2,038(3) A) u nBe myxe akcujanne Bese: Ni-O3 (2,108(2) A), Ni-04 (2,129(2) A).
[lpucytHa cy Tpu exBaropHjajHa NpPCTEHa, JBa METOWIaHA M jeJaH IIeCTOWIAHH.
[leTounanm ekBaTOpHjaIHH NPCTEHOBH HMMajy KOH(pOpMAIHjy KOBEpTE M MOy CTOJIHMIE,
JIOK TIecTOWwIaHN KoHpopmamujy nale. ¥ akcujaHoj paBHU MPHUCYTHA Cy JIBa MIECTOWIAHA
KapOOKcHIaTHA TPCTEHA.

Kpucranorpadckn noganm: KpucTaaIHH CUCTEM - TPUKIMHUYHHM, TPOCTOpHA rpyna Pl,
a=9,1850(6), b=12,0034(8), c=122326(7)A, a=101,841(5), A=109,551(6),
y=95576(6)°, V=1223,59(15)A°, Z=2, p=18197Q2)gem>, u=14,083 mm",
F(000) = 676,0, R = 2,56 %.

A2

Cnuka 1. Acumerpuuna jenununa trans(Og)-[Ba(H,0),4][Ni(pddadp)]-4H,O xommiekca

[1] S. Belogevié, M. Cendi¢, M. Djukié, M. Vasojevi¢, A. Meetsma, Z.D. Matovi¢, Inorg.
Chim. Acta, 399 (2013) 146-153.
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The heterocyclic ring in androstane compounds plays an important role in biological
activity and represents the molecular framework that serves as a platform for the
development of pharmaceutical agents for a variety of applications. The aim of the present
study was to synthesize and evaluate potential biological activity of different A modified
17-substituted androstane derivatives. In several synthetic steps, new 17a-picolyl and
17-picolinylidene derivatives with hydroxyimino, nitrile or lactame functions were
synthesized and characterized using the spectral data and X-ray structure analysis.

The crystal structures of the three novel androstane derivatives: (a) 17(E)-
Picolinylidene-3-aza-A-homoandrost-4a-en-4-one (1), (b) 17p-Hydroxy-2(Z)-hydroxyme-
thylene-17a-picolyl-androst-4-en-3-one (2) and (c) 17B-Hydroxy-2(E)-hydroximino-17a-
picolyl-isoxazolo[3°,4°,5°:4,5,6]-androst-5-en-3-one (3) were determined at room
temperature.

Crystallographic data: (1) C,sH3,N,0, orthorhombic, P2,2,2,, Z=4, V'=2076.96(17) Al
R =39% for 3222 independent reflections and 279 parameters; (2) CyH33NO;,
monoclinic, P2, Z=2, V=1133.3(4) A, R, =5.8% for 2844 independent reflections and
301 parameters; (3) C,sHyoN304, orthorhombic, P2,2,2,, Z=4, V'=2690.61(17) A3,
R, =7.9 % for 4487 independent reflections and 293 parameters.

Derivatives 1 and 3 exhibit very similar crystal packing where molecules are connected
by N-H...O, O-H...N i O-H...O hydrogen bonds in “head to tail” manner forming the
chains. On the other hand, molecular conformation of compound 2 is stabilised by two
intramolecular hydrogen bonds but there is no intermolecular hydrogen bonding in the
crystal packing.

Acknowledgement: The work was supported by a grant from the Ministry of Education,
Science and Technological Development of Republic of Serbia (Project No. ON172021)
and Provincial Secretariat for Science and Technological Development (Project No.
114-451-3600/2013-03).

[1] E.A. Djurendi¢, J.J. Ajdukovi¢, M.N. Saka¢, D.S. Jakimov, S. Jovanovié-Santa,
O.R. Klisuri¢, and K.M. Penov Gasi, Unpublished results, 2014.
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17(E)-PIKOLINILIDEN A-MODIFIKOVANIH
ANDROSTANSKIH DERIVATA

O. Klisuri¢ *, J. Ajdukovi¢ , E. Djurendié¢ °, M. Saka& ®, K. Penov Gasi "

“ Departman za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg
Dositeja Obradovica 4, 21000 Novi Sad, Srbija; * Departman za hemiju, biohemiju i zastitu
Zivotne sredine, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja
Obradoviéa 3, 21000 Novi Sad, Srbija

e-mail: olivera.klisuric@df.uns.ac.rs

Heterocikli¢ni prsten kod androstanskih derivata veoma je znacajan za njihovu biolosku
aktivnost i predstavlja molekulski okvir koji sluzi kao platforma za razvoj farmaceutskih
agenasa za razliCite primene. Iz tog razloga su ova istrazivanja imala za cilj da se izvrSi
sinteza 1 ispita  potencijalna  bioloska  aktivnost kod A  modifikovanih
17-supstituisanih androstanskih derivata. U viSefaznim reakcijama sintetisani su novi
17a-pikolil i 17-pikoliniliden androstanski derivati sa hidroksimino, nitrilnom ili
laktamskom funkcijom ¢&ije su strukture potvrdene spektroskopskim podacima i
rendgenskom strukturnom analizom.

Kristalne strukture tri nova androstanska derivata: a) 17(E)-Pikoliniliden-3-aza-A-
homoandrost-4a-en-4-on (1), b) 17B-Hidroksi-2(Z)-hidroksimetilen-17a-pikolil-androst-4-
en-3-on (2) i c) 17p-Hidroksi-2(E)-hidroksimino-17a-pikolil-izoksazolo[3’,4°,5°:4,5,6]-
androst-5-en-3-on (3) odredene su na sobnoj temperaturi.

Kristalografski podaci: (1) CasHi,N,O, rombiéni, P2,2,2,, Z=4, V=2076,96(17) A%,
R =3,9 % za 3222 nezavisnih refleksija i 279 parametara; (2) CyH33NOj;, monoklini¢ni,
P2,,Z=2,V=1133,3(4) A, R, = 5,8 % za 2844 nezavisnih refleksija i 301 parametar; (3)
CosHy9N304, rombicni, P2,2,2,, Z=4, V=2690,61(17) A’ Ry =7,9 % za 4487 nezavisnih
refleksija i 293 parametra.

Derivati 1 1 3 pokazuju vrlo sli¢no kristalno pakovanje u kome su molekuli povezani
N-H...O, O-H...N i O-H...O vodoni¢nim vezama po sistemu ,.glava za rep®, ali ne
postoji intramolekularno vodoni¢no vezivanje. S druge strane, molekuli jedinjenja 2 su
konformaciono stabilisani cak sa dve intramolekularne vodoni¢ne veze dok se molekuli u
kristalnom pakovanju ne povezuju niti jednim tipom vodoni¢nog vezivanja.

Zahvalnica: Ovo istrazivanje finansijski su pomogli Ministarstvo prosvete, nauke i
tehnoloskog razvoja Republike Srbije (Projekat br. ON172021) i Pokrajinski sekretarijat za
nauku i tehnoloski razvoj (Projekat br. 114-451-3600/2013-03).

[1] E.A. Djurendi¢, J.J. Ajdukovi¢, M.N. Saka¢, D.S. Jakimov, S. Jovanovié-Santa, O.R.
Klisuri¢, and K.M. Penov Gasi, Nepublikovani rezultati, 2014.
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In 50 ml of methanol 0.50 g (0.0025 mmol) 3-acetyl-4-hydroxy coumarine,
0.41 g (0.0025 mmol) hydrochloride valine methyl ester and 0.25 g (0.0025 mmol)
triethylamine were dissolved. The mixture was refluxed with stirring for a period of 4 h.
The reaction was controlled by TLC (toluene : ethyl acetate = 7 : 3). After completion of
the reaction 10 ml of methanol was evaporated and 10 ml of water was added. Crystals of
methyl 2-(1-(2,4-dioxochroman-3-ylidene)ethylamino-3-methylbutanoate (1) were isolated
from mother solution after two days of free crystallization. Structure of 1 is stabilized by
N-H..O intramolecular —hydrogen bond (N..O=2.529(3)A, H..0=1.77A4A,
N-H...0 =142.9 °).

Crystal data: monoclinic, space group P2, crystal size 0.4064 x 0.189 x 0.0914 mm,
a=>5.1467(2), b=12.9904(5), c=11.8223(5) A, f=96.644(4)°, V=785.1005) A°’, Z=2,
p=1342 gem™, £=0.099 mm'. The refinement on F* (213 parameters and 3260
independent reflections) yielded final R = 0.0385 (/> 25(/)), wR =0.0774, S = 1.015.
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Figure 1. ORTEP plot for molecule of 1. Hydrogen bond is shown by a dashed line.
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U 50 ml metanola rastvori se 0,5 g (0,0025 mmol) 3-acetil-4-hidroksi kumarina, 0,41 g
(0,0025 mmol) hidrohlorida metil estra valina i 0,25 g (0,0025 mmol) trietilamina. Smesa
se refluktuje uz meSanje u periodu od 4 h. Reakcija se prati TLC-om (toluen : etilacetat =
= 7:3). Po zavrSetku reakcije, upari se 10 ml metanola i doda 10 ml vode. Kristali metil
2-(1-(2,4-dioksohroman-3-iliden)etilamino)-3-metil butanoata (1) su izolovani iz mati¢nog
rastvora posle dva dana kristalizacije. Struktura  je stabilizovana
N-H...O intramolekulskom vodoni¢nom vezom (N...O = 2,529(3) A, H...O = 1,77 A,
N-H...0 =142,9 °).

Kristalografski podaci: kristalni sistem - monoklini¢ni, prostorna grupa P2;, veli¢ina
kristala 0,4064 x 0,189 x 0,0914 mm, a = 5,1467(2), b=12,9904(5), c=11,8223(5) A,
£ =96,644(4)°, V="185,10(5) A’, Z=2, p=1,342 gem>, £ =0,099 mm'. Utaénjavanje
sa F° (213 parametara i 3260 nezavisnih refleksija) dalo je R=0,0385 (I>20(])),

wR =0,0774, S =1,015.
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Slika 1. Molekularna struktura 1. Vodoni¢na veza je prikazana isprekidanom linijom.
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The S-butyl derivative of thiosalicylic acid was prepared by alkylation of thiosalicylic
acid by means of the corresponding alkyl halogenide in alkaline
water - ethanol solution. Single crystals suitable for X-ray measurements were obtained by
slow crystallization from a DMSO - water system.

Crystallographic data: Empirical formula C,;H,40,S, monoclinic, space group P2,/c,
crystal size 0.33 x0.28 x 0.21 mm, a=8.0732(3), b=19.6769(4), c=28.2291(3) A,
£=119.084(5)°, V=114240(7)A°, Z=4, u=230mm™"'. The refinement on F*
(183 parameters) yielded R, =0.0363, wR,=0.100, S=1.06 for all data and R, =0.0345
for 1898 observed reflections with 7 > 2a(/).
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KRISTALNA STRUKTURA S-BUTIL DERIVATA TIOSALICILNE
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S-butil derivat tiosalicilne kiseline dobijen je reakcijom alkilovanja tiosalicilne kiseline
pomoc¢u odgovarajuceg alkil-halogenida u rastvoru voda-etanol. Kristali pogodni za
rendgensku strukturnu analizu dobijeni su sporom kristalizacijom iz sistema
DMSO-voda.

Kristalografski podaci: Empirijska formula C,;H,,0,S, monoklini¢ni sistem, prostorna
grupa P2,/c, veli¢ina kristala 0,33 x 0,28 x 0,21 mm «a=28,0732(3), b =19,6769(4),
c=8,2291(3) A, f=119,084(5) °, V=1142,40(7) A®, Z=4, u=2,30 mm . Utaénjavanje
sa F? (183 parametara) dalo je R;=0,0363, wR,=0,100, S=1,06 za sve podatke i
R, =0,0345 za 1898 refleksija sa [ > 20([).
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PRESSURE-INDUCED PHASE TRANSITIONS IN COESITE
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High-pressure behaviour of coesite was studied on single crystals by means of X-ray
diffraction and in situ Raman spectroscopy up to pressures of ~51 GPa and at ambient
temperature. We compressed the samples using diamond-anvil cells loaded with neon as
pressure-transmitting medium and collected X-ray diffraction data using synchrotron
radiation. We find that coesite undergoes two phase transitions, remaining crystalline at
least up to ~51 GPa, in contrast to previous results which show amorphization above
30 GPa [1]. The first phase transition (coesite-I to coesite-II) is reversible and occurs
around 23 GPa. The second transition (coesite-II to coesite-11I) at about 34 GPa is also
reversible but involves a large hysteresis. Samples recovered from the highest pressure
achieved, ~51 GPa, show Raman spectra of the initial coesite. The structure of the novel
polymorph was determined and refined at ~28 and ~31 GPa with final R indices of 8 % and
12 %, respectively. Coesite-II has P2,/n symmetry and a unit cell that is "doubled" along
the b-axis with respect to that of the initial coesite-I. All Si atoms are in tetrahedral
coordination. The displacive phase transition I—II is likely driven by the extreme
shortening (0.05 A or 3.2 %) of the shortest and the most compressible Sil-O1 bond,
related to the stiff 180 ° Sil-O1-Sil angle. Under compression the linear angle bends,
resulting in two independent angles, one of which, however, retains almost linear (~178 °).
The requirement of this angle to be close to linear likely causes further Si—O compression
down to an extremely short distance of ~1.52 A which prompts subsequent structural
changes, with the formation of a triclinic phase at ~34 GPa, coesite-III. The transition to
the lowest-symmetry phase, coesite III, is possibly a first-order phase transition that leads
to a very distinct structure. The study of the high-pressure behaviour of coesite is important
to better constrain the metastable phase diagram of silica.

[11R.J. Hemley, High-Pressure Research in Mineral Physics, (1987) 347-359.
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Ponasanje sintetickog kouzita, SiO, na visokim pritiscima (do ~51 GPa) i sobnoj
temperaturi ispitivano je metodama rendgenske difrakcije na monokristalu i ramanske
spektroskopije. Izvor rendgenskog zracenja bio je sinhrotron PETRA III u Hamburgu.
Monokristali su kompresovani u dijamantskoj presi (Diamond-anvil cell) u hidrostatickoj
sredini posredstvom neona. Rezultati pokazuju da kouzit ne podleze amorfizaciji bar do
~51 GPa, prolaze¢i kroz dva fazna prelaza. Ovi rezultati su suprotni prethodnima koji
ukazuju na amorfizaciju kristalne strukture pod pritiscima ve¢im od 30 GPa [1]. Prvi fazni
prelaz (kouzit-I u kouzit-1I) je reverzibilan i uocen je na oko 23 GPa. Daljim poveéavanjem
pritiska uocen je drugi fazni prelaz (kouzit-1I u kouzit-I1I) na ~34 GPa, takode reverzibilan,
ali sa velikim histerezisom. Uzorci analizirani nakon dekompresije sa ~51 GPa pokazuju
ramanski spektar inicijalnog kouzita-I. Struktura novog polimorfa kouzita-II je reSena i
utaénjena koriS¢enjem podataka sakupljenih na ~28 1 ~31 GPa, sa vrednostima
R-faktora od 8 1 12 %. Kouzit-II poseduje monoklini¢nu simetriju (prostorna grupa P2,/n) i
ima zapreminu jedinicne ¢elije udvostruc¢enu duz b-ose u odnosu na kouzit-I. Svi atomi
silicijuma su u tetraedarskom okruzenju. Pomerajni fazni prelaz I u II je verovatno prelaz
drugog reda, podstaknut izrazitom kompresijom najkraée i najkompresivnije Sil-O1 veze
(0,05 A ili 3,2%). Ova veza je deo linearnog Sil-O1-Sil ugla, karakteristitnog za
strukturu kouzita. Pod poviSenim pritiscima linearni ugao se deformiSe, tako da nakon
faznog prelaza nastaju dva razli¢ita Si—O-Si ugla, od kojih jedan ostaje skoro lineran
(~178 °). Gotovo linearna geometrija novog ugla omogucéava dalju kompresiju Si—O veze,
koja dostize minimalnu vrednost od ~1,52 A na ~31 GPa. Nestabilnost ove linearne
geometrije pospesuje dalje strukturne promene i time formiranje triklinicnog kouzita-III.
Fazni prelaz 11 u III je najverovatnije prelaz prvog reda, kojim se formira polimorf sa
strukturom veoma razli¢itom od strukture prethodna dva polimorfa. Fazni prelazi kouzita
vazni su za bolje razumevanje metastabilnosti u SiO, sistemu, koja je izuzetno Cest, ali
slabo ispitan fenomen.

[1]R.J. Hemley, High-Pressure Research in Mineral Physics, (1987) 347-359.
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DISORDERED KALSILITE KAISiO4

A. Kremenovi¢, P. Vulié¢

Laboratory of Crystallography, Faculty of Mining and Geology, University of Belgrade,
Dusina 7, 11000 Belgrade, Serbia
e-mail: akremenovic@rgf.bg.ac.rs

Among five known X-ray powder diffraction (XRPD) patterns of KAISiO, (potassium
aluminium orthosilicate) polymorphs that are stable at room temperature two are associated
with kalsilite framework topology. In contrast to known Kkalsilite (space group P63)
synthesized at 1373 K [a=5.160(1) and ¢ = 8.632(6) A], the XRPD pattern of a “new”
polymorph synthesized at 1273 K [a=5.197(1) and ¢ =8.583(5) A] is characterized by
systematic disappearance of 40/ and Akl reflections with /=2n + 1. The latter we denoted
as disordered kalsilite [1]. The XRPD pattern that corresponds to the disordered kalsilite
KAISiOy,, is subject of our investigation. The directionality of (Al,Si)O, tetrahedra within
single six-membered tetrahedral ring building units (S6R) could not be defined. With equal
probability for the directionality of each tetrahedra within one S6R [free apex pointing up
(U) or down (D)], an undefined sequence of U and D directionalities is needed to describe
the S6R building units, Fig. 1.

substructure a

layer 2
XY
. layer 1
S
’ D " o !
‘etrahedral layer 1 ‘etrahedral layer 2

substructure b

layer 2

:
OOOE

layer 1
:

a b a hd
tetrahedral layer 2 tetrahedral layer 1

Figure 1. Polyhedral representation of KAISiO, substructures a (upper row) and b (lower row). Single tetrahedral
layers (built-up from the S6R units) are projected along ¢ with AlO, (dark grey) and SiO, (light grey) tetrahedra. K
atoms are represented by grey spheres. For both substructures, the stacking of the layers with respect to the unit
cell is represented projected along b.
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HEYPEBEHU KAJICUJIUT KAISiO4
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Opx ner audpakrorpaMa 3a net noJauMoppHUX MoauUKalUja KaIUjyM alyMHUHUjyM
oprocuiukara, cacraBa KAISiO4, koju cy crabuiaHu Ha coOHOj TemIepaTypu, JABa
OJIr0Bapajy KaJCUIUTCKO]j TOMOJNIOTHjU MpeXxe. 3a pasiiuKy Of KaJICHINTA CHHTETUCAHOT Ha
1373 K koju KpuCTanuiie y TpOCTOpHO] rpymu P6s [a=5,160(1) u c=8,632(6) A],
mudpakrorpam  ,,HOBor” monumopda cuHTetHcaHor Ha 1273 K [a=5,197(1) wu
c=28,583(5) A] kapakrepume cucremaTcko rameme peduexcuja #0! u hhl 3a xoje cy
/=2n+ 1. OBaj ,,HoBK” nmonuMop¢ Ha3Baiu cMo Heypehenn kancwmt [1]. Judpakrorpam
HeypeheHOr KajcwiWTa TMpenMeT je Haller HCTpaxkuBama. YcmepeHocT (ALSi)Oq4
TeTpaenapa yHytap u3rpahuBauke jeqMHHUIIE OOJHMKAa JEJHOCTPYKOT IIECTOUIAHOT
terpaenapckor npcreHa (SO6R) Huje moryhe medunucaru. Crpykrypy usrpahuBaukxe
jenmnuie S6R kapakrepuiie jenHaka BepoBaTHONAa YCMEpPEHOCTH CBAaKOT TeTpaenpa Ha
rope win Ha qoie [crmoboman Bpx yemeper Ha rope (U) wimm mone (D)] 1j. Henedunucana
cekBerna U u D ycmepenocty, ci. 1.

NOACTPYKTYpa a

S6R

Xk i
I

TeTpaegapcku cnoj 1

6p ©p 64 ©a ©
¢ Xe Yo Yo Yo
.‘ .‘ .
cnoj 1
¢ ><‘ ><'
) v

cnoj 2

E © o ©
TeTpaenapcky cnoj 2 TeTpaeaapcku cnoj 1

Cnuka 1. TMonmuenmapcku mnpuka3 kancwintckux, KAISiO4, monacrpykrypa a (ropwmu pem) U b (mowmu pen).
JenHOCTpYyKH TeTpaemapcku ciiojeBd, uarpajeHu of SOR jenuHHIA, MPOjEKTOBAHH Cy AYX c-0ce. TaMHO CHBU
TeTpaeapu npexacraribajy AlO4, cBetno cuBu SiOs. ATOMH KaiMjyma NpHKa3aHu Cy CUBMM Kpyxkuhuma. 3a o6e
MOACTPYKTYpE Cllarame cI0jeBa y OJHOCY Ha jeJHHHYHY henujy IpeacTaBbeHo je IPOojeKIHjoM Tyx oce b.

3axeannuya. 3axBasbyjeMo ce Ha (PMHAHCH)CKO] TOAPIINK KOjy CMO JIOOWIHA OIl SWiss
National Science Foundation (SNSF) xpo3 mpojekar 1Z273Z0-127961 u MunucrapcTBa
MPOCBETe, HAyKe M TEXHOJOIIKOT pa3Boja Penybiike Cpouje kpo3 mpojexre OU 172035 u OU
176016.

[1] A. Kremenovié, P. Vulié, Acta Cryst. C, 70 (2014) 256-259.
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THE INFLUENCE OF DISSOLUTION AND REFACETING ON
{100} FACE GROWTH RATE DISPERSION
OF SODIUM CHLORATE CRYSTALS

M. Mitrovi¢, B. Misailovi¢, B. Radia, A. Zeki¢

Faculty of Physics, University of Belgrade, Studentski trg 12, 11000 Belgrade, Serbia
e-mail: mico@ff.bg.ac.rs

The effects of partial dissolution and refaceting of sodium chlorate crystals grown from
aqueous solution on growth rate distributions are presented. Solutions were saturated at
To=(30.00+£0.02) °C. Crystals were nucleated and grown at T7'=(28.00+0.02)°C
corresponding to relative solution supersaturation of ¢ = 0.9 %.

The growths of 64 sodium chlorate crystals (in the <100> direction) were observed.
Dissolution of crystals was performed at Ty = (34.0+0.1) °C, four hours after the nucelation.
At the end of dissolution, crystal sizes in observed directions were reduced for at least
20 %. Some crystals were completely dissolved, the others were used as seeds for further
growth at the growth temperature 7.

Significant growth rate dispersion was occurred even though all the crystals grew under
the same external conditions. As is shown earlier [1] the growth rates of majority of the
observed crystals changed during the first few hours of growth, and after that period the
most of the observed crystals grow at stabilized rates. Statistical analysis of experimental
data indicates that {100} face growth rates of sodium chlorate crystals, after refaceting,
pertain to one dominant maximum in growth rate distribution.

According to the lattice strain theory of crystal growth [2], the growth rate dispersion is
the result of uneven mosaicity among the investigated crystals. This theory does not
anticipate the existence of the maxima in the probability of appearance of the crystals of
certain values of mosaic spread. Concerning this, lattice strain theory cannot explain the
results of performed experiments.

According to the classical concept [3], the dislocation structure of the crystals is the
cause of growth rate dispersion occurred. Dissolution and refacating change the dislocation
structure of the crystal faces which reflected in narrow growth rate distributions, i.e. a
single maximum in the distribution of {100} face growth rates of sodium chlorate crystals,
after refaceting.

[1] A. Zekié, M. Mitrovié, S. Elezovi¢-Hadzi¢, D. Malivuk, Ind. Eng. Chem. Res. 50 (14)
(2011) 8726-873.

[2] R.I. Risti¢, J.N. Sherwood, K. Wojciechowski, J. Cryst. Growth, 91 (1988) 163.

[3] W.K. Burton, N. Cabrera, F.C. Frank, Philos. Trans. R. Soc. (London), A243 (1951)
299.
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YTUIAJ PACTBAPAIbA U PEOALIETUPAIBA HA
JUCIIEP3UJE BP3UHA PACTA {100} II/bOCHU
KPUCTAJIA HATPUJYM-XUIOPATA

M. Mutposuh, b. Mucausosuh, b. Paguma, A. Kekuh

Qusuuku gpaxyimem, Yuusepzumem y beoepady, Cmyoenmcku mpe 11, 11000 beoepao,
Cpbuja
e-mail: mico@ff.bg.ac.rs

VY pany cy IpencTaB/bEHN PE3YNTaTH NMPOydaBama yTHIAja AETUMUYHOT pacTBapama U
pedanerupama KpucTala HaTpHUjyM-XjopaTa paciuX H3 BOAEHHX pacTBopa Ha
muctpubynuje 6p3uHa pacra. PactBop je 3acuhen na temmnepatypu 7 = (30,00+0,02) °C.
Hyxuearija u pact kpucrana cy ce ofsujanu Ha temrmeparypu 7 = (28,00+0,02) °C, to ject
MU penaTuBHOM Ipecuhemy pactBopa o = 0,9 %.

IIpoyuaraH je pact 64 kpucraiga HaTpujyMm-xjiopaTta y npasiiuma <100>. Hakon yetupu
cara Oj Tpoleca HyKJIealMje TeMmIepaTypa pacra Kpucrana je mnoBehana Ha
T;=(34,0+0,1) °C. Ha oBOj TemmepaTypd OIBHjall0 CE€ pacTBapame KpPHCTaia, a TIIo
3aBpLIETKY OBOI IIpolleca IHMXOBAa BeJNMYMHA je cMameHa 3a oko 20 %. Hekxu on
NpOy4aBaHUX KpHCTalla Y HOTIIYHOCTH Cy CE€ PACTBOPHIIH, JIOK CY IIPEOCTAIN HACTaBUIN A2
pacTty noj yciaoBHMa HCTHM Kao Ipe pacTBapama.

Pesynratn ykasyjy Ha mocrojame 3HadajHE AWCIeEp3dje Op3WHA pacra, MaKo Cy CBH
NPOy4YaBaHW KPUCTAIM PAciy Ha HCTUM MAaKpOCKOICKUM ycnoBuma. Kao mro je Beh
npumehero [1], BehnHa npoyyaBaHUX KpHCTajla MeHa Op3WHY pacTa y NMpPBUX HEKOJIHKO
caTu, HaKOH 4era HacTaBJbajy pacT T3B. crabmincaHuM Op3uHama. CTaTUCTHMYKA aHAIH3a
eKCIIEpUMEHTATHO NOOWjeHNX ToAaTaka yKasyje Ha IOCTOjalbe jeNHOT MakCuMyMa ¥y
pacnioziesn 6p3una pacra {100} mybOCHM KpHCTala HATPHjyM-XJI0paTa MOCIe pacTBapama.

IIpema Teopuju Hampe3ama peineTke [2] aucrep3uwja Op3uHa pacTta KpUCTaia je
nocieinla HeyjeHaueHe MO3anyHOCTH Kpucrana. OBa Teopuja He mpeaBuba mocrojame
MaKCUMyMa y BepOBaTHONM TOjaBJbMBam-a KpHCTaNa OApeleHOr Hampe3ama pemieTKe U
CTora He MO)XKe OO0jaCHUTH pe3yiTaTe peajM30BaHHMX eKCIleprMeHaTa. [Ipema KiacHdHO]
TEOpHju pacta Kpuctaia [3], y3pok aucriep3uje je AMCIOKAalMOHAa CTPYKTypa KpUCTala.
PactBapame 1 pedaneTupame Memajy JUCIOKAINOHY CTPYKTYPY KPUCTAIHUX IJHOCHH IITO
ce oriena y yoj TUCTPHOYIHjH, OMHOCHO Y TIOCTOjamby jEOHOT MaKCUMyMa Yy pactoieiu
6p3una pacta {100} BOCHM KpHICTaIa HATPH]yM-XJIOpaTa IIOCJIe pacTBapama.

[1] A. Zekié, M. Mitrovi¢, S. Elezovi¢-Hadzi¢, D. Malivuk, Ind. Eng. Chem. Res. 50 (14)
(2011) 8726.

[2] R.L. Risti¢, J.N. Sherwood, K. Wojciechowski, J. Cryst. Growth, 91 (1988) 163.

[3] W.K. Burton, N. Cabrera, F.C. Frank, Philos. Trans. R. Soc. (London), A243 (1951)
299.
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STACKING OR EVEN LARGER DISPLACEMENT? PARALLEL
INTERACTIONS OF ORGANOMETALLIC SANDWICHES AND
HALF-SANDWICHES
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Metal-arene complexes, popularly known as sandwich and half-sandwich compounds,
are of great importance in areas of materials science and crystal engineering [1]. Their
stacking interactions with uncoordinated benzene molecules are stronger than stacking
interactions between two benzene molecules [2]. However, there are only a few examples
of these interactions in crystal structures.

W sandwich | | sandwich W half-sandwich || half-sandwich The CSD was SearChed in Order to
%25 investigate parallel interactions between two
coordinated benzene molecules. A total of
142 contacts between parallel coordinated
15 benzenes with centroid-centroid distances
below 6.0 A and normal distances between
planes below 4.0 A were found. The
5 distribution of offset values (r) shows that
coordinated benzene molecules can form
e 6 6 0 6 o6 6o o6 s 6 o parallel contacts both at small offset values
SR R (stacking area, r<2.5A) and at large
A horizontal ~ displacements  (r>4.5 A).
However, benzene molecules within sandwich compounds have much higher tendency
towards large horizontal displacements, in comparison to benzenes of half-sandwich
compounds.

In order to explain these tendencies, DFT-D calculations of interaction energies were
performed on model systems. At stacking horizontal displacements, two sandwich
compounds form stronger interaction (—3.78 kcal/mol) than two half-sandwich compounds
(-3.29 kcal/mol). However, at large horizontal displacement (» = 5.0 A), interaction energy
for two parallel sandwiches is —3.03 kcal/mol (80 % of the strongest interaction energy),
and for half-sandwich only —1.53 kcal/mol (47 %). Therefore, two parallel benzene
molecules of sandwich compounds prefer interactions at large horizontal displacements,
since their interaction energies are substantial, and since this geometry enables them to
form additional interactions with molecules from the environment.

20

10 ~

[1] G. Pampaloni, Coord. Chem. Rev. 254 (2010) 402-419.
[2] S.T. Mutter, J.A. Platts, Chem. Eur. J. 16 (2010) 5391-5399.
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Meran-apeH KOMIUIEKCH, MOMYJIapHUje Ha3BaHU CEHIBHY- M II0JIyCEHJIBUY-]CIHbEIHA,
O] BEJIMKOT Cy 3Havaja y 00JIaCTH HAyKe O MaTepHjajiiMa U KPUCTATHOT WHXKemepuHTa [1].

N

IbruxoBe CTEKMHI HMHTEpakuuje ca HEKOOPAMHOBAHMM MOJICKYyJUMa O€H3eHa jaue Cy Of
CTEKHMHI MHTepakuuja uzmely nBa mMonekyina O6eHsena [2]. Melytum, nocroju Beoma mManu
Opoj npuMepa OBUX MHTEPAKIMja Y KPUCTATHUM CTPYKTypama.

wcaHEE | lcoumEnll W ronyeeREN| | e CSD je mperpaxxkeHa Kako Ou ce

%25 WCIUTAJIe MapalieliHe WHTepakuuje usMmely

. JBA KOOpJIMHOBaHa MoOJIeKyJa OeH3eHa.

[Iponaheno je ykynHo 142 koHTakTa n3mely

12 TapaJieTHIX MoJIeKyJia OeH3eHa ca EeHTPOU]I-

e~ n -LIEHTPOUJ pacTojabuma wucnog 6,0 A n

HOpPMaJlHUM pacTojamuma u3Mel)y paBHH

STl TR ucnon 4,0 A. Pacmozmena XOPHU30HTAITHUX

, M I nmoMepama (r) mokasyje a KOOPAWHOBAHU

E e g I MoJIeKynu ~OeH3eHa MOry JOa TIpaze

napajeslHe KOHTAaKTe€ Kako Ha KpaTKHM

nomepamuMa (06nacT crexunra, r < 2,5 A),

TAKO M HA BEJUKUM moMepamuma (r > 4,5 A). Mehytum, Monekynu GeH3zeHa KOjH Cy €0

CECH/IBUY-]eINbEHha MMajy 3HATHO HM3PaXKEHH]y TEHICHLH]Y Ka BEJIMKUM XOPH3OHTAITHHM
nomepamnma, y nopelemy ca OeH3eHnMa y NOJTyCEeH/IBUY-jeIUbEHHIMA.

Kako Ou ce oBakBa TenaeHuuja oOjacumia, ypahenu cy DFT-D npopauynu enepruja
WHTEepaKkifja Ha MOJeN-CHcTeMrMa. Ha momepammMa Koja OATOBapajy CTEKWHTY, I1Ba
CeHIBHY-jeiibeba Tpaje jaue uHTepakuuje (—3,78 kcal/mol) Hero nBa mosyceHaBHUY-
-jemumema (3,29 kcal/mol). MeljytuM, Ha BeNIMKMM XOPU3OHTAJTHHM IOMEpamUMa
(r=5,0A), enepruja wuuTepakumje usMel)y 1Ba mapanenHa CEHJBHY-je/IUIBEHA j€
—-3,03 kcal/mol (80 % enepruje Hajjaue HWHTEpakmuje), a 3a MOIYCCHABHY-jeANHCHA
uzHocu camo —1,53 kcal/mol (47 %). Crora, nBa napajenHa MoJieKyia OeH3eHa y CeHIIBUY
jeaMmbehbuMa TeXe MHTepaKlnjaMa Ha BEJIMKUM XOPU3OHTAJIHUM IOMEpamkHMa, MOLITO Cy
Taja €Hepruje MHTepaklyje 3HadajHe, a reoMeTpuja THX HHTepakuuja omoryhaBa na
KOOPAWHOBAHH MOJIEKYJIH OCH3EeHa Ipajie J0JaTHEe HHTEPAKLIje ca MOJICKYJIMMA U3 OKPYKEHha.
[1] G. Pampaloni, Coord. Chem. Rev. 254 (2010) 402-419.

[2] S.T. Mutter, J.A. Platts, Chem. Eur. J. 16 (2010) 5391-5399.
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The binuclear complex of Cu(Il) was obtained by direct reaction of Cu(NO;), and
bidentate ligand S-ethyl-derivative of thiosalicylic acid in molar ratio 1:2. Reaction mixture
was heated and mixed on a magnetic stirrer at 40 °C for 4 h. During this period water
solution of LiOH was added. Crystals suitable for X-ray measurements were obtained by
slow crystallization from water solution after few days.

Crystallographic data: empirical formula Ci3H,,0sCuS,, M, =444.0, crystal system -
triclinic, space group Pl, crystal size 0.36x0.18 x0.11 mm, a=7.5102(3),
b=10.8709(5), c¢=12.1557(6) A, «=83.578(4), p=289.304(3), y=76.314(4)°,
V'=958.09(8) A*, Z=2, p=1.539 gcm >, = 3.875 mm . Crystal structure was solved by
direct methods using SIR2002 and refined using SHELXL program: R;=0.0273,
WR,=0.0748, S=1.049 for 245 parameters and 3804 independent reflections with
1>20(1).
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KRISTALNA STRUKTURA BINUKLEARNOG KOMPLEKSA
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Binuklearni kompleks Cu(Il) dobijen je direktnom reakcijom Cu(NO;), i bidentatnog
liganda S-etil derivata tiosalicilne kiseline u molskom odnosu 1:2. Reakciona smesa je
zagrevana i meSana na magnetnoj mesalici 4 sata na 40 °C. Tokom tog perioda reakcionoj
smesi je dodavan vodeni rastvor LiOH. Kristali kompleksa pogodni za rendgensku
strukturnu analizu dobijeni su iz mati¢nog vodenog rastvora uparavanjem nakon nekoliko
dana.

Kristalografski podaci: empirijska formula C gH,005CuS,, M, = 444.,0, kristalni sistem -
triklinican, prostorna grupa Pl, veli¢ina kristala 0,36 x 0,18 x 0,11 mm, a = 7,5102(3),
b=10,8709(5), c¢=12,1557(6) A, «=83,578(4), p=289,304(3), y=76314(4)°,
V'=958,09(8) A3 z=2, p=1539¢ cm™, u=73,875 mm . Kristalna struktura je resena
primenom direktne metode, SIR2002, a uta¢njena koris¢enjem programa SHELXL:
R, =0,0273, wR, =0,0748, S=1,049 za 245 parametara i 3804 nezavisnih refleksija sa
1>20(]).
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Reaction of di-2-piridyl ketone 1-adamantoylhydrazone (HL) with CuCly-2H,O in
MeOH yields complex [Cu,Cly(L),] (1), and in EtOH/Me,CO mixture (1:1) [Cu,Cly(HL)],
(2). By reaction of HL, Cu(OAc),"H,0O and NH4;NCS in MeOH the [Cuy(NCS),(L),] (3) is
obtained.

The complexes 1 and 3 have centrosymmetrical dimeric structures with copper atoms
situated in square pyramidal environments. In complex 1 it is achieved by tridentate
coordination of the deprotonated ligand (L) and chloride ion in basal plane, which at the
same time have bridging role by occupying apical site in the coordination sphere of copper
atom within neighboring subunit. In complex 3 basal plane is made of organic ligand and
thiocyanate ion, while apical site is occupied by pyridine nitrogen N4 from neighboring
subunit. The repeating unit of polymeric complex 2
contains two copper(Il) atoms in different 3 )
coordination environments. Polyhedron around Cul is /ﬁ\o
square- pyramid made of neutral tridentate Schiff base
and two chlorido ligands (zs=0.24), while Cu2 is
four-coordinated in flattened tetrahedral arrangement %/
(t4=10.48) of three chloride atoms and nitrogen N4
atom from organic ligand.

Di-2-piridyl ketone 1-adamantoylhydrazone is
coordinated via carbonyl oxygen OIl, azomethine
nitrogen N2 and pyridine nitrogen N1, whilst in
complexes 2 and 3 pyridine nitrogen N4 is also
involved in coordination.

Crystallographic data: (1) CgHyClL,CuNgO,, monoclinic, P2i/c, a=10.3416(4),
bh=179457(3), ¢=24.4513(9), p=91.487(3)°, V=2008.52(12)A%, R=3.90,
wR = 8.52 %, 262 parameters, 4820 reflections. (2) CyH,Cl4Cu,N4O, monoclinic, P2,/c,
a=6.47031(19), b=18.5905(5), c=20.3177(5) A, f=97.597(3) °, V=2422.50(12) A°,
R=4.18, wR=28.58%, 302 parameters, 5611 reflections. (3) CyyHysCuyN;9O,S,,
monoclinic, P2i/c, a=10.9316(3), b=7.3754(2), c=26.0517(5) A, B=90.944(2)°,
V'=2100.12(10) A’ R= 3.96, wR = 8.85 %, 280 parameters, 5144 reflections.
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SINTEZE I STRUKTURE KOMPLEKSA BAKRA(II) SA
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Reakcijom  1-adamantoilhidrazon  di-2-piridil
ketona (HL) sa CuCl,2H,O u MeOH dobijen je
kompleks [Cu,Cly(L),] (1), a u smesi EtOH/Me,CO
(1:1) kompleks [Cu,Cl4(HL)], (2). Reakcijom HL,
Cu(OAc),yH,0O 1 NH4,NCS u MeOH nastaje
[Cux(NCS)(L)2] (3).

Kompleksi 1 i 3 imaju centrosimetricne dimerne
strukture u kojima se atomi bakra nalaze u
kvadratno-piramidalnom okruzenju. Ono je u
kompleksu 1 ostvareno tridentatnom koordinacijom
deprotonovanog liganda (L) i hloridnog jona u
osnovi, koji ujedno ima i mostovnu ulogu tako $to
zauzima apikalno mesto u koordinacionoj sferi atoma
bakra iz susedne subjedinice. U kompleksu 3, osnovu
kvadratne piramide ¢ine organski ligand i tiocijanatni
jon, dok apikalno mesto zauzima piridinski atom
azota N4 iz susedne subjedinice. Ponavljajuca
jedinica polimernog kompleksa 2 sadrzi dva atoma
bakra(Il) u razli¢itim koordinacionim okruZenjima.
Koordinacioni poliedar Cul je kvadratna piramida
koju ¢ine neutralni ligand HL i dva hlorido liganda
(zs=0,24), dok je poliedar Cu2 spljosteni tetraedar
(4 = 0,48) sacinjen od tri atoma hlora i atoma azota N4 iz organskog liganda.

1-Adamantoilhidrazon di-2-piridil ketona se u kompleksu 1 koordinuje preko karbonil-
nog atoma kiseonika O1, azometinskog atoma azota N2 i piridinskog atoma azota N1, dok
se u kompleksima 2 i 3 dodatno i piridinski atom azota N4 ukljucuje u koordinaciju.

Kristalografski  podaci: (1) CyHyeClL,Cu,NgO,, monokliniéni - sistem, P2/c,
a=10,3416(4), b=7,9457(3), ¢=24,4513(9) A, f=91,487(3)°, V=2008,52(12)A°
R=390, wR=8,52%, 262 parametra, 4820 refleksija. (2) CypHCl,Cu,N4O,
monoklini¢ni ~ sistem, P2i/c, a=6,47031(19), b=18,5905(5), c=20,3177(5)A,
£=97,597(3)°, V=2422,50(12) A’>, R=4,18, wR=8,58%, 302 parametra, 5611
refleksija. (3) CyHsCuoNjO,S,;, monokliniéni  sistem, P2,/c, a=10,9316(3),
b=173754(2), c¢=260517(5)A, [=90,944(2)°, V=2100,12(10)A°, R=396,
wR = 8,85 %, 280 parametara, 5144 refleksija.
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MOLECULAR BASIS OF RARE COAGULATION DISORDER
UNREVEALED BY CRYSTAL STRUCTURE BASED PROTEIN
MODELS

D. Francuski, V. Dordevi¢, I. Pruner, D. Radojkovié
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e-mail: djordjef@imgge.bg.ac.rs

Coagulation is a complex process conserved in all mammals. The control over
coagulation and bleeding is tightly controlled in this complex network of interacting
enzymes and cells. Mutations in enzymes involved in the control of hemeostasis lead to
serious disorders, from excessive bleeding (like hemophilia) to excessive coagulation
(thrombofilia). A central role in this network is taken by the enzyme thrombin. Mutations
in this enzyme have been, and are still, studied and the most abundant mutations are
routinely analyzed in medical screenings. Some of the important opposite functions of
thrombin are the cleavage of fibrinogen into insoluble strands of fibrin (leading to
coagulation) and the binding of thrombin to antithrombin (anticoagulation activity). Since
the 1930’s treatment of various conditions resulting in unwanted coagulation have been
conducted with heparin. The underlying molecular mechanism explained by X-ray
structure of the complex has been published [1].

We have recently investigated a mysterious case of family history of thrombosis which
could not be contributed to known mutations of the genes involved in hemostasis. Finally a
mutation in thrombin was identified which lead to the discovery of a novel mechanism
[2,3] of the novel coagulation disorder which was not responding properly to heparin
treatment.

Using the deposited X-ray structures (from the protein data bank) of thrombin and
antithrombin as a starting point in model building, an assessment of mutation impact on
intra and intermolecular interactions has been assessed and the molecular mechanism of the
coagulation disorder explained.

[1] W. Li, D. Johnson, C. Esmon, J. Huntington, Natur. Struct. Mol. Biol. 11 (2004)
857-862.

[2] Y. Miyawaki, A. Suzuki, J. Fujita, A. Maki, E. Okuyama, M. Murata, A. Takagi,
T. Murate, S. Kunishima, M. Sakai, K. Okamoto, T. Matsushita, T. Naoe, H. Saito,
T. Kojima, New Engl. J. Med. 366 (2012) 2390-2396.

[3] V. Djordjevic, M. Kovac, P. Miljic, M. Murata, A. Takagi, I. Pruner, D. Francuski,
T. Kojima, D. Radojkovic, J. Thromb. Haemost. 11 (2013) 1936-1939.
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MOJIEKYJIAPHU MEXAHU3AM PETKOI' IOPEMERAJA
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Koarynamuja je KOMIUIEKCaH MpoOLEC O4yBaH Koj cBux cucapa. CucreMm perynanuje
Koarynaiuje 1 KpBapemwa je CTPOro KOHTPOJIMCAH HPOLEC KOjU yKJbyuyje BHIIE €H3MMa U
tunoBa henuja. Myraiyje y eH3uMHMa KOjH Cy YKJbYYEHH Yy KOHTPOJY XeMOcTa3e JIO0BOJC
o 030mwpHEX Topemehaja, o1 TojadaHor KpBapema (Kao IITo je ciydaj y XxeMoQmwinju) 10
noBehaHor pusmka ox koarynanuje (trpomboduimja). LleHTpanHO MecTo y OBOj MpexHu
eH3K1Ma 3ay3uma TpoMOuH. MyTalije oBor eH3uMa Cy OJIaBHO, a U Jlajbe Cy, IIpoyyaBaHe, a
Hajuemrhe MyTanuje ce PYTHHCKM aHAIM3UPajy KOA JbYIAM CKIOHHX IopeMehajuma
xeMmocTaze. Heke ox 3HavajHUX (yHKIOHja TPOMOWHA Ccy akTuBanuja (GuOpuHA (cedermeM
(ubpuHOTEHA Y HEpacTBOpaHe JaHIe (HOpHHA IITO BOIM Ka KOAryNalijH) W BE3HUBAmE
aHTUTPOMOMHA (aHTHKOArynatuBHa (QyHKiuja). Jom on 1930-Tux Jedyewme yuyecTanux
TpoMO03a BPIICHO je XenapruHOM. MoJIEKyITapHH MEXaHU3aM j€ TeK HeJIaBHO Y IMOTITYHOCTH
o0jamnImeH KPUCTATHOM CTPYKTYPOM KOMIUIeKca TpoMOuH/aHTUTpoMOuH/XenapuH [ 1].

VY HalieM HCTpaKUBalby CMO CE CYCpelld ca 3arOHETHHM CllydajeM Tpom0o3e y jeIHOj
(haMUIIHjU KOjU HHUjEe MOTao Ja ce JOBEAC y Be3y HH Ca jSAHOM IO3HATOM MYTAIHjOM Y
TeHUMa YKJbYYEHHM Y XeMocTady. KoHauHO cMO HIEHTH(UKOBAaIM MyTalujy y TeHYy
TpOMOMHA KOjH HAC je JOBEO J0 HOBOT MexXaHu3Ma [2,3] oBOTr KoaryimannoHOT nmopemehaja
KOju c1a00 oAroBapa Ha TPETMaH XEMapuHOM.

Kopucrehu crpykrype TpoMOMHa M aHTUTPOMOWMHA JOOMjeHE PEHATCHCKOM
CTPYKTYpHOM aHanu3oM (moxpameHe y IlporemHcky 0a3y mopaTaka) Kao IIOYETHE
CTPYKType 3a H3rpallby Mojela, yTHLa] MyTaldja Ha HHTEp ¥ HWHTPaMOJICKYJICKe
MHTEpaKUMje je UCIUTaH M OATOHETHYT MOJIEKYJapHH MexaHu3aMm mnopemehaja
KoaryJarmje.

[1] W. Li, D. Johnson, C. Esmon, J. Huntington, Natur. Struct. Mol. Biol. 11 (2004)
857-862.

[2] Y. Miyawaki, A. Suzuki, J. Fujita, A. Maki, E. Okuyama, M. Murata, A. Takagi,
T. Murate, S. Kunishima, M. Sakai, K. Okamoto, T. Matsushita, T. Naoe, H. Saito,
T. Kojima, New Engl. J. Med. 366 (2012) 2390-2396.

[3] V. Djordjevic, M. Kovac, P. Miljic, M. Murata, A. Takagi, I. Pruner, D. Francuski,
T. Kojima, D. Radojkovic, J. Thromb. Haemost. 11 (2013) 1936-1939.
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INSIGHT INTO MICROSTRUCTURAL DEVELOPMENT BY THE
XBroad PROGRAM: CASE OF Al-Zn SOLID SOLUTION AND
MULTIFERROIC Ba;CoTeOg

M. Bijeli¢ *, I. Perd ®, J. Popovi¢ *, Z. Skoko*
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10000, Croatia; b Division of Materials Physics, Ruder Boskovic¢ Institute, Bijenicka c. 54,
Zagreb, 10000, Croatia
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Formation of the Al-15 at% Zn solid solution was followed by in-situ X-ray powder
diffraction measurements. It was found that the temperature of 200 °C marks an onset of
the dissolution of Zn atoms in Al matrix, while the solid solution was formed at 300 °C.
Change in the shape of the Zn precipitates during the solid solution formation was analyzed
by XBroad program [1]. The program provides adequate information about changes in
crystallite sizes and/or transformations in shapes during different crystallization/dissolution
processes without any prior information on structural features of system under study. It was
demonstrated that XBroad program is an excellent tool for quick and -effective
microstructural analysis easily used by material science community regardless of their
background in the field of crystallography.

20— . . . . Changes of crystallite dimensions (along
e e 1 the a- and c-axis) in the whole temperature
‘ range, from RT to 280 °C, are shown on
Figure. It is fair to assume that Zn atoms
B - which dissolve in the Al matrix are
T = | dominantly those that come from the {001}
lattice planes of Zn precipitates, so as the
o solid solution formation process propagates,
e Zn precipitates become flatter and flatter
. . s s . (along c-axis) until they finally diminish
o0 TR 0 0 % completely and solid solution is formed.
Second work case which will be presented is
microstructural characterization of Ba,CoTeO¢- newly prepared compound with application
as muliferroic material.
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SLUCAJ STVARANJA CVRSTE OTOPINE Al-Zn I
MULTIFEROICNOG Ba;CoTeOg

M. Bijeli¢ *, I. Perd ®, J. Popovi¢ *, Z. Skoko*

 Fizi¢ki odsjek, Prirodoslovno-matematicki fakultet, SveuciliSte u Zagrebu, Bijenicka c. 32,
Zagreb, 10000, Hrvatska; b zavod za fiziku materijala, Institut Ruder BoSkovi¢, Bijenicka c.
54, Zagreb, 10000, Hrvatska

e-mail: Igor.Djerdj@irb.hr

Stvaranje Cvrste otopine Al-15% Zn praceno je inm-situ mjerenjima rendgenske
difrakcije na polikristalnom materijalu. Utvrdeno je kako je temperatura od 200 °C upravo
temperatura koja oznacava pocetak otapanja precipitata Zn u Al matrici, te kako se na
300 °C formira ¢vrsta otopina. Promjena oblika precipitata Zn tijekom stvaranja Cvrste
otopine analizirana je programom XBroad [1]. Program pruza adekvatne informacije o
promjenama veli¢ina i/ili transformacijama u oblicima kristalita tijekom razliitih procesa
otapanja - kristalizacija. Pokazano je kako je program XBroad izvrstan alat za brzo i
ucinkovito analiziranje mikrostrukture, te se kao takav moze jednostavno koristiti u §iroj
znanstvenoj zajednici bez obzira na predznanje iz podrucja kristalografije.

220 . . . . . Promjene dimenzija kristalita (duz osi a i
wof e o ] ¢) u cijelom rasponu tempera.tu.re, od. sobge
180 ic \'\\ do 280 °C priloZene su na slici. Logi¢no je
gtor e b i {  pretpostaviti da oni atomi Zn koji se otapaju
€ 1op '\-\\.\ P 1 u Al matrici dolaze s {001} mrezZnih ravnina
B 1201 - 1  precipitata Zn. Kako proces nastajanja ¢vrste
§ 100 - N - otopine napreduje, tako precipitati Zn postaju
g 8or \\ 1 sve tanji (u smjeru osi ¢) sve dok se u
T ¢ direction 1  potpunosti ne otope u Al matrici.
40+ —e— a, b direction 4 , .. . . .
" . . . . . U radu ¢e takoder biti prikazani rezultati
0 50 10 150 200 250 300 mikrostrukturnog istrazivanja na novom

e multiferoicnom materijalu, Ba,CoTeOy,
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CHARACTERIZATION OF MINE SOILS FORMED ON LOOSE
SEDIMENTS FROM THE COPPER MINE OVERBUDEN IN BOR,
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The Copper mine rock overburden in Bor consists mainly of andesites and their
volcaniclastic equivalents. Loose sediments were formed by erosion of surrounding
lithologies. Those type of sediments that were supporting vegetation formations were
sampled and subjected to pedological and minerological analyses. Pseudototal and
available contents of chalcophyllic Cu, Zn, As, S and Pb, as well as lithophyllic Cr were
determined. This study presents the characterization of mine soils formed on these non-
lithified sediments. It also aims to reveal basic connections of analysed parameters in
rhizospheric surface soil layer (0-20 cm) and in subsurface soil layer (20—40 cm).

Mineralogical characterization was performed by X-ray diffraction on polycrystalline
material using the Rietveld method. With application of X-ray powder diffraction,
particularly in the case of the investigated mine soils on Bor overburden, it is possible to
get an insight into semi quantitative mineralogical composition of the material in a reliable
and fast manner, and thus contribute to its characterization.

Mineralogical analyzes indicate that the loose sediments are compositionally similar to
the hydrothermally altered andesites, but certain contribution of fresh andesite lithology
and strongly mineralized rocks is also possible. The high share of quartz indicates that the
dominant protolith type is hydrothermally altered andesite. Analysis of variance showed
statistically significant differences in the contents of available, exchangeable potassium
between rhizosphere surface soil layer and deeper soil layer on loose sediments. This is a
direct result of increased mineral decomposition in the rhizosphere zone, caused primarily
by weathering of biotite and potassium feldspar.

The mine soils formed on these loose sediments show the highest enrichment factors for
copper, sulfur and arsenic, both in the rhizosphere surface soil layer and in the subsurface
soil layer. The enrichment factors for copper and sulfur are higher in subsurface than in the
rhizosphere surface soil layer. A very high correlation for both layers is shown by the
contents of pseudototal sulfur and zinc, pseudototal copper and available lead and copper,
as well as by available copper and zinc. Pseudo-total contents of copper and zinc, as well as
contents of available copper, lead, and zinc are highly correlated with active and potential
acidity of the mine soil solution, cation exchangeable capacity and exchangeable potassium
content. Pseudo-total and available sulfur contents directly correlate with the electric
conductivity within subsurface mine soil layer.
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KAPAKTEPU3AIIMJA JEITIOCOJIA HEBE3AHUX CEAUMEHATA
OVIATAJIMIITA OTKPUBKE PYJIHHUKA BAKPA 'Y BOPY,
CPBUJA

. Panhenosuh, I1. Byauh, B. IlBerkoBuh

Pyoapcko-eeonowxu gpaxynmem, Ynusepsumem y beoepady, Bywuna 7, 11000 beoepao
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Ha nmoxpyujy omnaranumira oTKpuBKe pylnHHKa O0akpa y bopy, koje je dopmupano on
AHJE3UTa M HHHUXOBHX BYJKAHOKIACTUYHHMX CKBHBAJICHATa, CEKYHIApHO Cy 0O0pa3oBaHH
HEBE3aHU CEIMMEHTH HACTAJHM IPETEIKHO ePOJIOBAEM Ipyca ca MOCTOjehnX JIMTOJIOTHja Ha
oinarajguiuTy. JleloBH HeBe3aHHMX CeIMMEHaTa Ha KOjUMa ce pa3BWIa CaMOHHKIA
BereTalyja y30pKOBaHM Cy M aHAJIM3MPaHH MHUHEPAJIOIIKM M MENOJOIIKUA. Y HhHUMa je
oapeheH nceyq0yKymHH M NPUCTYIIauHK caapkaj xankopuiHux enemenarta Cu, Zn, As, S u
Pb xao u mutopmnuor Cr. Pax mpukasyje kapakTepusaiujy Aernocona (popMHUpaHHX Ha
HEBE3aHUM CEJMMEHTHMa, 1 OCHOBHE Be3e M3Mel)y aHanM3npaHux mapamerapa y ciiojeBuma
pusochepe (020 cm) u 1y0spuM ciojeBuma nenocoda (20—40 cm).

Munepasionmka KapakTepuzaudja je ypaeHa peHAreHcKoM audpaknujoM Ha
NOJIMKPUCTAJIHOM Matepujary kopuctehn PutBennoBy Mmerony. IIpuMeHOM peHATeHCKe
nudpakiuje Ha npaxy, moceOHO y Cly4ajy UCIMTHBAHUX Jerocosa OOPCKOT OJyIaraiuIiTa,
MOXe€ ce MOy3/laHO ¥ Op30 NOOWTH YBUJI y CEMHKBAHTHUTATHBHH MHHEPAJIOLIKH CACTaB
MaTtepHjajia ¥ Ha Taj HaYMH W3BPLINTH KHEroBa OliKa KapakTepu3alja.

MuHepanonike aHanu3e ykadyjy Ha TO Ja je cacTaB HEBE3aHHX CelUMEHaTa
HajIpUOJIMKHU]U cacTaBy XUIPOTEPMAIHO POMEHECHNX aHIE3UTa, IIPH YeMY je IPUMETaH
n JOIPHHOC HI/ITOHOFI/Ija CBCKUX aHAC3UTa W HUHTCH3UBHO MHHECPAJIM30OBAHUX CTCHA.
Bucoko yuemhe kBapua ykasyje Ha JOMHHAaHTHM THI NPOTONWTA, jep je oBa ¢asza y
3HAYajHUM KOJIMYMHAMA MPUCYTHA JEOHHO Y XHUAPOTEPMAIHO NPOMEHCHUM aHIE3UTHMA.
AHanu3a BapujaHce [OKaszala je CTaTUCTHYKM 3HavyajHe pasliuke y caapxkajy
MPUCTYIIAYHOT, JIAKOM3MEHUBOT Kanujyma usMeljy cioja pusocdepe u ayOsper cioja
JIETIOCOJIa HEBE3aHUX CeNMMEHaTa, IITO je JUPEKTHA MOCIequla M0jayaHor pacriaiarmba
MHUHepaJla y 30HH pu3ocdepe, H TO y IPBOM pely OMOTHTA U KaJIHjCKUX (elacaTa.

Jenoconu HeBe3aHHWX cequMeHara Toka3yjy Hajeehe ¢daktope oborahema 3a Oakap,
CYMITOp U apCeH, M TO KaKo y CJI0jy pu3ocdepe Tako U y T0meM CiIojy aenocoia. dakropu
oborahema 3a 6akap W CyMIIOp BHIIM CY Y IOEEM HEro y pH30C(epHOM CIIOjy Jernocoda.
Beoma Brcoky kopenanmjy y oba cioja moKasyjy caapikKaju YKYIMHOT CyMIIOpa M YKYITHOT
[IMHKA, IOTOM YKYITHOT 0akpa M MPUCTYIIa4yHOT 0JI0Ba M 6akpa, Kao M MPUCTYIAa4HOT Oakpa
W mpucTynavyHor nuHka. [lceyno-ykynHu caapxaju 0akpa M IMHKA, KA0 M NPHCTYHaYyHU
caapkaju Oakpa, OJOBa, U LUHKA BHCOKO KOPEIHMINY Ca aKTHBHOM M MOTEHIIHjaJTHOM
kucenonhy pacTBopa JEnocojia, KarnaluTeTOM pa3MEHJBHBHX KaTjOHA M NPUCTYIaYHHM
KaJIMjyMOM. BpenHoctu caxpixaja rnceyno-yKynHor ¥ IPUCTYIAYHOT CyMIIOpa Y AUPEKTHO]
Cy KOpeJaluju ca eleKTpUYHOM KOHAYyKTHBHOUIhY ay0Jsber cioja aernocoda.
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The effects of initial conditions of sodium chlorate crystals partial dissolution on
growth rate distributions are presented. Crystals were grown from aqueous solutionc
saturated at 7, = (31.00+0.02) °C. Nucleation and growth of crystals were performed at the
growth temperature 7 = (28.00+0.02) °C corresponding to relative solution supersaturation
of 6=1.3%.

The growths of 253 sodium chlorate crystals (in the <100> direction) at the temperature
T were observed. Dissolution of crystals was performed at 7;=(34.0+£0.1) °C, thirty
minutes after nucleation. Numerous of observed crystals completely dissolved, while
remaining 164 were used as seeds for further growth at the temperature T.

Results of previous investigations of growth rate dispersion of sodium chlorate crystals
in <100> direction show that growth rates of majority of the observed crystals changed
during the first few hours of growth (initial growth rates), and after that period the most of
the observed crystals grow at stabilized rates [1]. Also, the results of investigation of the
influence of partial dissolution on sodium chlorate crystal stabilized growth rates indicate
the existence of one dominant maximum in the growth rate distributions in <100>
direction.

Results of investigation presented herewith show that observed crystals grow at
different initial rates in range 0-250 nms'. Dissolution of crystals 30 minutes after the
nucleation significantly affects dispersion of initial growth rates and groups the rates within
a single peak, similarly to dissolution of crystals grown at stabilized rates.

Further investigations of influence of dissolution of different systems will enable more
complete frame for analysis of occurred phenomenon.

[1] A. Zeki¢, M. Mitrovi¢, S. Elezovié-Hadzié, D. Malivuk, Ind. Eng. Chem. Res. 50(14)
(2011) 8726.
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Y pagy Cy MpeACTaB/beHH pe3yJiTaTH IpoydaBama YTHIAja IIOYETHHX YCIOBa
JEeTMMUYHOT pacTBapama KpUcTana HaTpUjyM-xJiopaTa paciuX W3 BOAEHHX pacTBopa Ha
quctpuOynuje Op3uHa ®BUXOBOr pacra. PactBop je 3acuheH Ha TeMmmeparypu
Ty =(31,00£0,02) °C. Hykneammja m pacT KpHCTalla Cy C€ OIBHjaId Ha TEMIIEpaTypu
T=(28,00+0,02) °C, onHOCHO penaTHBHOM npecuhemy pactBopa o = 1,3 %.

[MpoyuaBan je pact 253 kpucrama y <100> npaBuuma. Hakon 30 munyta on
HyKJIeallje NOCMaTpaHH KPHUCTalM Cy pacTBapaHu Ha Temmeparypu 1y = (34,0+0,1) °C.
MHoru o Mpoy4aBaHUX KpUCTaja Cy C€ Y MOTIYHOCTH PaCTBOPHIIH, JOK j€ MPEOCTaIHX
163 HacTaBMIIO PACT MO yCIOBHMA HCTUM Kao Ipe pacTBapama.

Pesynratu ucTpaxkuBama Aucrep3rja Op3MHA pacra KpHCTala HATPUjyM-Xjopara y
<100> mpaBuuMa nokazanu cy na BehWHa Ipoy4yaBaHMX KpHCTaja Mema Op3uHY pacta y
MPBHUX HEKOJIWKO caTH (MMOoYeTHa Op3WHA pacTa KpHCTaja), HAKOH 4Yera HacTaBJbajy pacT
T3B. crabunucanum Opsunama [1]. Takole, wucTpaxuBame yTHI@ja JEITUMHUYHOT
pacTBapama KpUCTajla HATPHjyM-XJOpaTa Ha JHCIEp3Hje CTaOWincaHuxX Op3uHA pacta
(4 cara HaKOH HyKJIealje) yKa3yjy Ha IOCTOjame caMo jeJHOT JTOMUHAHTHOT MakCUMyMa
y pactiopenu 6p3uHa y <100> mpasruMa.

Pesynrtati mpencraBjbeHHX HCTpakKMBarmba IOKa3yjy lla NpOydYaBaHM KPUCTAIH PacTy
BEOMa Pa3IMUMTHM [OYETHHM Op3uHaMa y orcery ox 0-250 nm s '. PactBapame kpucrana
HaTpyjyMm xyopara 30 MHHyTa HakOH HyKJealHje 3Ha4ajHO MEHa HCIEepP3Wjy IMOYETHUX
Op3uHa pacta W Tpymnuule Op3WHE O] jeJHaH IOMHHAHTAaH MK, CIMYHO Ka0 HAaKOH
pacTBapama KprcTaia pacinx cTabWIncaHuM Op3uHaMa.

Jlasba WcTpaxkuBamba yTUIlaja pacTBapama Ha AMCIEp3uje Op3nHa pacTa passMuuThX
cucreMa jahe MOTIyHUje MoJaTKe 3a aHaJIu3y yOUeHe I0jaBe.

[1] A. Zekié, M. Mitrovié, S. Elezovié-Hadzié, D. Malivuk, Ind. Eng. Chem. Res. 50(14)
(2011) 8726.
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Synthetic hydroxyapatite (HAp) [Ca;o(PO,4)s(OH),] is very similar to the inorganic part
of bones and the dentine of teeth. Consequently, it has well known biocompatibility and
bioactivity, and it is nontoxic in any quantity and osteoconductive. HAp is used as a
powder and as a coating for metal implants, compact and scaffolds [1,2]. However, during
incorporation of filler HAp or HAp-covered implants in the living body, infection by
pathogenic microorganisms can appear. To prevent this situation and the need for a second
operation, the implants are treated by biocidal metal ions or antibiotics. Use of antibiotics is
not suitable because their effect is not long-lasting and microorganisms can develop
resistance. HAp powders doped with Ag” (0.2 and 0.4 mol % as compared to Ca) were
synthesized by a hydrothermal method in order to obtain biomaterial with an antimicrobial
effect [3]. Obtained powders were analysed by field emission scanning electron
microscopy, X-ray diffraction, atomic absorption and energy-dispersive X-Ray
spectroscopy. Also, the antimicrobial activity of Ag'-doped HAp against different
pathogens: Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and
Candida albicans was evaluated in vitro. The results showed that the obtained powders had
good antimicrobial activity. As a supplement to characterization of Ag" doped HAp
powders, in the present study, the following data were presented: cell parameters, which
are determined by Jade 5 software starting with data from PDF card 09-0482 for
refinement, thermal analysis curves and vibrational spectra obtained by fourier transform
infrared spectroscopy.

Acknowledgement. The authors wish to acknowledge the financial support for this
research from the Ministry of Education, Science and Technological Development of the
Republic of Serbia through project 111 45019.

[1] S.V. Dorozhkin, Biomatter, 1 (2011) 3-56.

[2] L.L Hench, J. Am. Ceram. Soc. 81 (1998) 1705-1728.

[3] Z. Radovanovi¢, B. Joki¢, B. Veljovié, S. Dimitrijevié, V. Koji¢, R. Petrovié,
b. Janackovié, Appl. Surf. Sci. doi. 10.1016/j.apsusc.2014.04.066.
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Sinteticki hidroksiapatit (HAp) [Ca;o(PO4)s(OH),] je veoma slican neorganskom delu
kosti i dentina zuba. HAp je poznat kao materijal dobre biokompatibilnosti i bioaktivnosti,
netoksican je u bilo kojoj koli¢ini i osteokonduktivan. HAp se koristi kao prah, za
naparavanje metalnih implanata, kao kompakt i kao skafold [1,2]. Medutim, tokom
hirurske intervencije i ugradnje HAp-a kao punioca ili HAp-om prekrivenih implanata u
tela, moze se razviti infekcija patogenim mikroorganizmima. Da bi se predupredila takva
situacija i potreba za drugom operacijom, implantni materijal se tretira biocidnim jonima
metala ili antibioticima. Kori$¢enje antibiotika nije pogodno jer se pokazalo da njihovo
dejstvo nije dugoro¢no i mikroorganizmi mogu razviti otpornost. Prahovi HAp-a dopirani
sa Ag' (0,21 0,4 mol % u odnosu na Ca) su sintetisani hidrotermalnom metodom u cilju
dobijanja biomaterijala sa antimikrobnim dejstvom [3]. Dobijeni prahovi su analizirani
visoko rezolucionim skeniraju¢im elektronskim mikroskopom, rendgenskom difrakcionom
analizom, atomskom apsorpcionom i energetskom disperzionom rendgenskom
spektroskopijom. Takode, antimikrobna aktivnost Ag’-dopiranih HAp-a protiv razli¢itih
patogena: Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa i Candida
albicans ispitana je in vitro. Rezultati su pokazali da dobijeni prahovi imaju dobru
antimikrobnu aktivnost. Kao dodatak karakterizaciji Ag'-dopiranih HAp prahova, u ovoj
studiji, slede¢i podaci su prezentovani: parametri jedinicne celije, koji su odredeni
upotrebom programa Jade 5 polazeéi od podataka iz kartice PDF 09-0482 za uta¢njavanje,
krive dobijene termalnom analizom i infracrveni vibracioni spektri.

Zahvalnica. Autori zele da se zahvale Ministarstvu prosvete, nauke i tehnoloskog
razvoja za finansiranje istraZivanja kroz projekat 111 45019.
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Naproxen is a substance from the group of non-steroidal anti-inflammatory drug that is
widely used in clinical practice. This is a low soluble and photosensitive molecule which is
transforming under the light influence by giving pharmacologically inactive products [1,2].
The aim of this work is the preparation of the inclusion complex of naproxen with
2-hydroxypropyl-p-cyclodextrin (HP-B-CD) to improve the physical and chemical
properties of naproxen [3].

The molecular inclusion complexes of naproxen: HP-B-CD were prepared using the co-
precipitation method in the solid state, with the molar ratio of 1:1. The structure of obtained
complex was characterized by using different methods of FTIR, 'H NMR,
UV-VIS and XRD. Corresponding physical mixture of naproxen with HP-B-CD, were
analyzed by the above methods. The inclusion complex diffractogram patterns doesn’t
contain peaks that are characteristic for pure naproxen, they are more similar to HP-3-CD
diffractogram. This points to the molecular encapsulation of naproxen in the HP-B-CD
cavity. The absence of characteristic peaks of naproxen in the FTIR spectra of this complex
indicates the formation of supramolecular structure by the type of inclusion. Photostability
of naproxen in pure form and in the molecular inclusion complex with
HP-B-CD was monitored using FTIR and UV-VIS methods. Photostability testing of
naproxen using UV-VIS method indicate degradation to aromatic ketone, 2-acetyl-6-
methoxynaphthalene. FTIR analysis showed that the degradation of naproxen starts after
15 days of exposure to daylight. Also, naproxen is protected from photodegradation for a
period of 30 days by the molecular encapsulation.

Acknowledgement. This paper form part of projects TR-34012 and OI-172065 financed
by the Ministry of Education, Science and Technological Development of the Republic of
Serbia.
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Naproksen je supstanca iz grupe nesteroidnih antiinflamatornih lekova koja ima Siroku
primenu u klini¢koj praksi. Molekul naproksena je slabo rastvoran i fotoosetljiv, pod
uticajem svetlosti se transformise u farmakoloski neaktivne proizvode [1,2]. Cilj ovog rada
je izrada inkluzionog kompleksa naproksen:2-hidroksipropil-f-ciklodekstrin (HP-BCD)
radi poboljSanja fizickih i hemijskih svojstava naproksena [3].

Molekulski inkluzioni kompleks naproksen: HP-B-CD pripremljen je metodom
koprecipitacije u ¢vrstom stanju u molskom odnosu 1:1. Struktura dobijenog kompleksa
okarakterisana je koris¢enjem metoda FTIR, 'H NMR, UV-VIS i XRD. Odgovarajuéa
fizicka smeSa naproksena i HP-B-CD je analizirana navedenim metodama. Difraktogram
inkluzionog kompleksa naproksen:HP-B-CD ne sadrzi pikove koji su karakteristi¢ni za
difraktogram naproksena, a pokazuje sli¢nost sa difraktogramom HP-B-CD. Ovo ukazuje
na molekularnu inkapsulaciju naproksena u Supljine HP-B-CD. Odsustvo karakteristicnih
pikova naproksena u FTIR spektru kompleksa ukazuje na formiranje supramolekularne
strukture po tipu inkluzije. Fotostabilnost naproksena u ¢istom obliku i u molekulskom
inkluzionom kompleksu sa HP-B-CD je pracena pomocu FTIR i UV-VIS metoda.
Ispitivanje fotostabilnosti naproksena UV-VIS metodom ukazuje na degradaciju do
aromati¢nog ketona, 2-acetil-6-metoksinaftalena. FTIR analizom je dokazano da
degradacija naproksena pocinje nakon 15 dana od izlaganja dnevnoj svetlosti. Takode,
naproksen je molekularnom inkapsulacijom zasticen od fotodegradacije za period od
30 dana.

Zahvalnica. Rad je deo istrazivanja u okviru projekata MNTR TR-34012 i OI-172065
koje finansira Ministarstvo prosvete, nauke i tehnoloskog razvoja Republike Srbije.
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The design of supramolecular architectures by self-assembly of small building blocks
has become a major research area owing to its potential for practical applications [1].
Although in crystal engineering the metal-ligand bond plays a determining role, dictating
the resultant supramolecular topology of the metal-organic frameworks (MOFs), the
secondary interactions, such as hydrogen bonding, m—m interactions, etc. also have a
significant influence in shaping the final architecture. The self-assembly of coordination
frameworks is also highly affected by various other parameters such as the dynamic nature
of the metal-ligand bonds, structural preferences of the metal ions, nature of ligating
topologies of the ligand, metal-ligand ratio, nature of counter ions and various
experimental conditions (solvents, pH, temperature, crystallization methods). Therefore, it
is still difficult to predict the final outcome and much work has to be done to improve our
understanding of all the factors influencing the final supramolecular architecture.
Pyridinecarboxamide ligands have been used as effective tools to organize metal building
blocks into extended assemblies by combining their metal coordinating ability, robust
hydrogen-bonding ability and m—r stacking between aromatic rings [2].

Employing the mentioned strategy we synthesized and structurally determined the
following complexes: [Co(isn),(NCS),(H,0),]-2H,0 (1), [Ni(isn),(NCS),(H,0),]-2H,0 (2)
[Co(isn);(NCS),(H,0)]-2.5H,0 (3), where isn = isonicotinamide. In all three structures
there is a lack of self-complementary amide-amide dimeric R%(8) or catemeric C(4).
Instead, R46(12) hexamers are found in 1 and 2, and R24(8) tetramers in 3, and an additional
very complicated hydrogen bonding 3D-framework is resulted, due to participation of
crystal water molecules.
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[1] B.H. Northorp et al., Acc. Chem. Res. 42 (2009) 1554.
[2] M. DBakovié et al., CrystEngComm, 13 (2011) 5863.
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Mnoga aktuelna istrazivanja posvecena su dizajnu supramolekulskih struktura zbog
njihove potencijalne prakti¢ne primjene [1]. U kristalnom inzenjeringu odlucujucu ulogu
nosi veza metal—ligand jer diktira konacnu topologiju supramolekulske tvorevine (MOFs),
ali 1 sekundarne interakcije, kao §to su vodikove veze, n—n interakcije i dr. takoder imaju
znacajan udjel u oblikovanju konacne strukture. Na samoudruzivanje gradevnih jedinica
utjecu i razliciti drugi parametri poput dinamicke prirode metal-ligand veza, strukturne
preferencije metalnih iona, priroda ligantne topologije, omjer metal-ligand, priroda
prate¢ih iona, kao i razliiti eksperimentalni uvjeti (otapalo, pH, temperatura, metoda
kristalizacije). Zbog toga je jo$ uvijek tesko predvidjeti konacni ishod, te se jo§ mnogo
mora raditi na unaprijedenju naSeg razumijevanja svih faktora koji utjeCu na finalnu
supramolekulsku strukturu. Piridinkarboksamidni ligandi pokazali su se vrlo efikasnim
alatima pri organizaciji metalnih gradevnih blokova u prosirene strukture kombiniranjem
koordinacijskih moguénosti metala, robustno$¢u ostvarivih vodikovih veza i n—n
interakcijama medu aromatskim prstenovima [2].

Koriste¢i gornju strategiju, sintetizirali smo i strukturno karakterizirali sljedece
komplekse: [Co(isn),(NCS),(H,0),]-2H,0 (1), [Ni(isn),(NCS),(H,0),]-2H,0 (2) i
[Co(isn);(NCS),(H,0)]-2.5H,0 (3), gde je isn = izonikotinamid. Ni u jednoj strukturi nisu
pronadeni komplementarni amid-amid dimeri R?,(8) ili katemeri C(4). Zapravo, u 1 i 2
pronadeni su R*(12) heksameri, a u 3 R%(8) tetrameri, dok je 3D-supramolekulska
struktura ostvarena dodatnim vrlo slozenim vodikovim vezama koje grade molekule
kristalnih voda.
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Anions of terephthalic (1,4-benzenedicarboxylic) acid, tpht*, act as a potential
polydentate and bridging ligands in metal-organic framework structures. COO groups are
usually coordinated either in mono-, bi- or polydentate ways, while the simultaneous
presence of two differently coordinated tpht ions is very uncommon [1]. As a continuation
of our previous studies [2], the title complex has been hydrothermally synthesized and
characterized by single crystal X-ray diffraction, elemental and TG/DSC analysis and
FT-IR spectroscopy.

The structure (Fig. 1) consists of [Zn(dipya)(tpht)] complex units (dipya is
2,2’-dipyridylamine) and one solvent water molecule. There are two independent tphts: one
tpht is coordinated as bis-monodentate and another as bis-chelate ligand. In this way,
zigzag polymeric chains are formed (Fig. 2). The coordination geometry around Zn(II)
atom can be described as deformed square pyramid. The water molecule is triply hydrogen
bonded connecting even three adjacent chains and leading to the formation of 3D
framework structure. Further stabilization of the structure occurs through edge-to-face
C—H...w interactions among H atom from bis-monodentate tpht in one chain and aromatic
ring from bis-chelate tpht in neighboring chain (H--Cg distance 2.892 A).

Crystal data: C72H6()ZH4N12020, Mr = 16748,
monoclinic, space group P2,/n, a=9.875(2),
b=14.371(3), c=12.264(3) A, p=95.87(3) °,
V=1731.3(6) A%, Z=1, F(000)=_856,
pc=1.606 gem™, (Mo Kou)=1.455 mm .
The refinement on F'? (264 parameters)
yielded R, = 0.0478, wR, = 0.0704, S =1.043
for all data, and R, = 0.0345 for 2604
observed reflections with 7> 2o6(J).

Figure 1. The asymmetric unit of {[Zn(dipya)(tpht)]-H,O},.

[171Y.B. Go, X. Wang, E.V. Anokhina, A.J. Jacobson, /norg. Chem. 43 (2004) 5360-5367;
J. Tao, M.L. Tong, X.M. Chen, J. Chem. Soc., Dalton Trans. 2000, 3669-4674.
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CIK-CAK METAL-ORGANSKI POLIMER:
(2,2’-DIPIRIDILAMIN)(TEREFTALATO)CINK(II)-HIDRAT

L. Radovanovi¢ %, J. Rogan > D. Poleti

“ Inovacioni centar Tehnolosko-metalurskog fakulteta, Univerzitet u Beogradu,
Karnegijeva 4, 11000 Beograd, Srbija; * Tehnolosko-metalurski fakultet, Univerzitet u
Beogradu, Karnegijeva 4, 11000 Beograd, Srbija

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

U metal-organskim umrezenim strukturama anjoni tereftalne (1,4-benzendikarboksilne)
kiseline, tpht*, predstavljaju potencijalne polidentatne i mostovne ligande. COO -grupe su
najéesce koordinirane na mono-, bi- ili polidentatni nacin, dok je istovremeno prisustvo dva
razli¢ito koordinirana tpht-jona veoma retko [1]. Kao nastavak naSih ranijih istrazivanja
[2], hidrotermalnom sintezom dobijen je navedeni kompleks i okarakterisan rendgenskom
strukturnom, elementarnom i TG/DSC analizom i IC-spektroskopijom.

Struktura (sl. 1) se sastoji od [Zn(dipya)(tpht)] kompleksnih jedinki (dipya je
2,2’-dipiridilamin) i nekoordiniranog molekula vode. Postoje dva nezavisna tpht liganda:
jedan je koordiniran kao bis-monodentatni, a drugi kao bis-helatni ligand. Na taj nacin se
formiraju cik-cak polimerni lanci (sl. 2). Geometrija oko atoma Zn(II) moze se opisati kao
deformisana kvadratna piramida. Molekul vode gradi tri vodoni¢ne veze povezujuci ¢ak tri
susedna lanca i formirajuéi 3D strukturu. Dalja stabilizacija strukture odvija se pomocu
»edge-to-face” C-H...n interakcija izmedu H-atoma bis-monodentatnog tpht u jednom
lancu i aromati¢nog prstena bis-helatnog tpht u susednom lancu (H:--Cg rastojanje iznosi

b=14,371(3), c=12,264(3) A,

2,892 A).
' ﬁ £=95.87(3)°, V=1731,3(6) A%, Z=1,

\ Kristalografski podaci: C7;HgoZnyN 5,0y,
(%
\y
N\ F(000)=856, p,= 1,606 gem™,
e

M, =1674,8, monoklini¢ni sistem,
prostorna grupa P2,/n, a=9,875(2),

(Mo Ka)=1,455 mm . Utaénjavanje sa
< F7?(264 parametara) dalo je R, = 0,0478,

wR, =0,0704, S = 1,043 za sve podatke, i

R, =0,0345 za 2604 refleksija sa I > 2o([).

Slika 2. Projekcija lanaca na bc-ravan.

[171Y.B. Go, X. Wang, E.V. Anokhina, A.J. Jacobson, /norg. Chem. 43 (2004) 5360-5367;
J. Tao, M.L. Tong, X.M. Chen, J. Chem. Soc., Dalton Trans. 2000, 3669-4674.

[2] J. Rogan, D. Poleti, Lj. Karanovi¢, G. Bogdanovi¢, A. Spasojevi¢-de Bir¢, D.M.
Petrovi¢, Polyhedron, 19 (2000) 1415-1421.
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SQUARE-PLANAR COMPLEXES OF Ni(Il) WITH
2-(DIPHENILPHOSPHINO) 4-PHENYLSEMICARBAZONE

B. Cobelji¢*, A. Pevec”, I. Turel®, M. Milenkovi¢ *, K. Andelkovi¢ *

* Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
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Three square-planar Ni(II) complexes [NiL(OCN)] (1), [NiL(NCS)](2) and
[NiL(N3)] (3) with the condensation derivative of 2-(diphenylphosphino)benzaldehyde and
4-phenylsemicarbazide (HL) have been synthesized (Scheme 1). The crystal structures of
all three complexes were determined by X-ray crystal analysis. The main crystallographic
data for complex 1, 2 and 3 are given, respectively: formula C,;H,N4;NiO,P, formula
weight 523.16, crystal size 0.35 x0.02 x 0.02 mm, monoclinic, space group P2/c,
a=7.18840(10), b = 15.1949(2), ¢ = 21.7013(2) A, = 95.4390(10) °, V" = 2359.70(5) A®,
Z=4, p,=1473 gcem”, refinement on F° (322 parameters and 4792 independent
reflections) yielded R[F”>20(F’)] =0.0293, wR,(F’)=0.0785, S=1.029; formula
Cy7H, 1 NyNiOPS, formula weight 539.22, crystal size 0.30 x 0.20 x 0.15 mm, monoclinic,
space group Pn, a=9.8241(4), b=8.0651(3), c=15.5431(8) A, B =90.300(5)°,
V=1231.5009) A®, Z=2, p,=1.454 g cm, refinement on F~ (322 parameters and 1950
independent reflections) yielded R[F’>26(F°)]=0.0303, wR,(F’)=0.0783, §=0.999;
formula C,6Hy NgNiOP, formula weight 523.17, crystal size 0.40 x 0.15 x 0.05 mm,
triclinic, space group Pl, a =9.1467(8), b =11.6862(9), ¢ = 12.5247(7) A, a = 70.736(7),
L =68.842(7), y=75.028(7) °, V=1163.77(15) A, Z=2, p,=1.493 g cm >, refinement on
F? (322 parameters and 4759 independent reflections) yielded R[F’ > 20(F?)] = 0.0468,
WR,(F’) =0.1413, § = 1.050.

H

Ph |
P N
o Sy
it J\
X \VOA N@
H
X=0CN" (1), SCN"(2), Ny (3)

Scheme 1. Complexes of Ni(Il) with 2-(diphenylphosphino)benzaldehyde
4-phenylsemicarbazone
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KVADRATNO-PLANARNI KOMPLEKSI Ni(Il) SA
2-(DIFENILFOSFINO)BENZALDEHID
4-FENILSEMIKARBAZONOM
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Sintetisana su tri kvadratno-planarna kompleksa Ni(II) [NiL(OCN)] (1), [NiL(SCN)]
(2) i [NIiL(N;3)] (3) sa kondenzacionim proizvodom 2-(difenilfosfino)benzaldehida i
4-fenilsemikarbazida (HL) (shema 1). Rendgenskom strukturnom analizom odredena je
kristalna struktura sva tri kompleksa. Osnovni kristalografski podaci za komplekse 1,21 3
dati su respektivno: formula C,;H,N4NiO,P, molekulska masa 523,16, veli¢ina kristala
0,35x% 0,02 x0,02 mm, monokliniCan, prostorna grupa P2,/c, a =7,18840(10),
b =151949(2), c¢=21,7013(2) A, S =954390(10)°, ¥V =2359,70(5)A°, Z=4,
py = 1,473 g cm >, utatnjavanje sa F° (322 parametara i 4792 nezavisne refleksije) dalo je
R[F’ > 20(F")] =0,0293, wR,(F’) =0,0785, S§=1,029; formula C,H,N,NiOPS,
molekulska masa 539,22, veli¢ina kristala 0,30 x 0,20 x 0,15 mm, monoklini¢an, prostorna
grupa  Pn, a=9.8241(4), b=8,0651(3), c=155431(8)A, B =90,300(5)°,
V=1231,5009) A°, Z=2, p,=1,454 gcm”, utaénjavanje sa F~ (322 parametra i 1950
nezavisnih refleksija) dalo je R[F’>20(F°)] =0,0303, wR,(F’) =0,0783, S =0,999;
formula C,sH, NgNiOP, molekulska masa 523,17, veli¢ina kristala 0,40 x 0,15 x 0,05 mm,
triklinican, prostorna grupa Pl, a=9,1467(8), b =11,6862(9), c =12,5247(7) A,
a =170,736(7), f=68,842(7), y =175,028(7) °, V=1163,77(15) A%, zZ=2,
py = 1,493 g cm™, utaénjavanje sa F~ (322 parametara i 4759 nezavisnih refleksija) dalo je
R[F’ > 26(F’)] = 0,0468, wR,(F’) = 0,1413, S = 1,050.
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Shema 1. Kompleksi Ni(II) sa 2-(difenilfosfino)benzaldehid 4-fenilsemikarbazonom
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SYNTHESIS, CHARACTERIZATION AND THERMAL BEHAVIOR
OF Cu(Il) AND Zn(II) COMPLEXES WITH (E)-2-|N'-(1-PYRIDIN-2-
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CRYSTAL STRUCTURE OF [Zn,(aphaO),Cl,].
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Copper(1l) and zinc(II) complexes with condensation derivative of 2-acetylpyridine and
hydrolyzed ethyl hydrazinoacetate were synthesized by one pot reaction. Crystal structure
of zinc(Il) complex was determined by single crystal X-ray diffraction analysis. The

compound crystallizes in triclinic space group Pl with the following lattice parameters:
a=7.9449(7), b=8.8623(8), ¢=9.4347(7)A, a=69.711(7), p=71.303(7),
y=64.926(9) °. In this binuclear complex (Figure 1), the ligand is coordinated via pyridine
and imine nitrogen atoms, while carboxylate oxygen atom acts as a bridge between two
metal centers. The fifth coordination site is occupied by a chloride ion, giving rise to a
distorted square pyramidal geometry around each zinc(Il) ion. The crystal packing is
dominated by intermolecular hydrogen bonds between the NH groups and non-coordinated
carbonyl oxygen atoms that give rise to infinite 1-D chains. The stacking interactions
between neighboring pyridine fragments expand 1-D chains into 2-D supramolecular layers
which are further interlinked into a 3-D framework by intermolecular C—H---Cl hydrogen
bonds. The molecular structure of copper(Il) complex was determined on the basis of
combined results of elemental analysis, infra-red and electron paramagnetic resonance
spectroscopy, molar conductivity, mass spectrometry, as well as measurements of the
magnetic moment. Thermal behavior of both complexes was studied by means of
thermogravimetric analysis coupled with mass spectrometer.

Figure 1. Molecular structure
of [Zn,(aphaO),Cl,]. The
ellipsoids are drawn on the
50 % probability level,
hydrogen atoms at arbitrary
size. Equivalent atoms are
generated by the
transformation
—x+1,-y,—=z+1
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SINTEZA, KARAKTERIZACIJA I TERMICKO PONASANJE
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KRISTALNA STRUKTURA [Zn;(apha0),Cl,].

T. Todorovié¢ *, O. Klisuri¢ ”, K. Andelkovié *, N. Filipovi¢ ¢

* Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, 11000 Beograd,
Srbija; bDepartman za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu,
Trg Dositeja Obradovica 4, 21000 Novi Sad, Srbija; © Poljoprivredni fakultet,
Univerzitet u Beogradu, Nemanjina 6, 11000 Beograd, Srbija

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

Kompleksi bakra(IT) i cinka(II) sa kondenzacionim proizvodom 2-acetilpiridina i
hidrolizovanog etil-hidrazinoacetata dobijeni su templatnom sintezom. Kristalna struktura
kompleksa cinka(Il) odredena je primenom rendgenske strukturne analize. Kompleks

kristaliSe u triklinicnom kristalnom sistemu, u prostornoj grupi Pl, sa slede¢im
parametrima  jediniéne  éelije: a=7,9449(7), b=28,8623(8), ¢=9,4347(7)A,
a=69,711(7), p=171,303(7), y=64,926(9)°. U binuklearnom kompleksu cinka(II)
(slika 1) ligand je koordinovan preko piridinskog i iminskog atoma azota, dok se
karboksilatni atom kiseonika nalazi u mostu koji povezuje dva metalna centra. Peto
koordinaciono mesto zauzimaju atomi hlora. Kompleks je distorgovane kvadratno-
-piramidalne geometrije. Kristalno pakovanje je bazirano na intermolekulskim vodoni¢nim
interakcijama izmedu NH grupa i nekoordinovanog karbonilnog atoma kiseonika, usled
Cega se formiraju supramolekulski 1D lanci. Steking interakcije izmedu piridinskih
fragmenata odgovorne su za formiranje slojeva koji se intermolekulskim C-H--ClI
interakcijama povezuju u 3D mrezu. Molekulska struktura kompleksa bakra(Il) odredena je
primenom elementalne analize, IC i EPR spektroskopije, konduktometrije, masene
spektrometrije, kao i merenjem magnetnog momenta. Termi¢ko ponaSanje oba kompleksa
proucavano je primenom TG-MS.

Slika 1. Molekulska struktura
[Zn,(apha0),Cl,]. Termalni
elipsoidi su prikazani sa 50 %
verovatnoce, dok su atomi
vodonika proizvoljne velicine.
Primenom transformacije i
(i=-x+1,-y,—z+ 1) dobijaju se
ekvivalentni atomi u strukturi.
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The compound, BaCuAs,0,, was prepared by hydrothermal method (Teflon-lined steel
autoclave, 9 days, autogeneous pressure, Tp.x =473 K, pH = 3). It crystallized as prismatic
blue-green crystals up to 0.08 mm in lengt. The crystal structure was determined using
single-crystal X-ray diffraction data (CCD detector, MoKo radiation, 298 K,
Omax = 26.36 °). The refinement on F? with 101 parameters and 1294 unique reflections
yielded R, =0.0260, wR, =0.0569 and R, =0.0242 for 1229 observed reflections with
I>20(I). Crystal data: space group P2,/n, a = 5.7343(11), b = 8.4722(17), c = 13.071(3) A,
£=91.12(3)°, V=634.92) A’, Z=4.

e The crystal structure belongs to the a-Ca,P,0 structure

o family ([1,2] and references therein). It is characterized by a
3D framework formed from corner-sharing CuOs square
pyramids and As,O; groups. In the AsO, tetrahedra the

longest As—O bonds are to the bridging O4 oxygen atom

b f and As1-04-As2 angle is 125.2(2) °. The average <As—O>
© bond lengths are 1.686(4) and 1.696(4) A for As10, and
As20,, respectively. The mean <Cu-O> distance is

Figure 1. Five AsO, 2.0579(4) A. The longest Cu—Opyica distance [2.381(4) A]
tetrahedra (light grey contributes to the bond valence sum by about 8 % and
As1Qy, dark grey As20,) clearly indicates square pyramidal (4+1) coordination of
from different As,O; Cu. Each of the square pyramids around the Cu is shared
groups around CuOs square with a different As,O; group (Fig. 1). Ba atoms are located
pyramid. in the tunnels, which are formed by the edges of two square

pyramids and three arsenate tetrahedra (Fig. 2). Ba atoms
are coordinated with nine oxygen atoms, with an average <Ba—O> bond length of 2.821 A.
The sum of bond valences of the Ba atom suggests a slight oversaturation if all nine ligands
are considered (Zvj; =2.21 v.u.), but similar to the value 2.23 calculated for BaCoAs,0;
[2].
Acknowledgement. The authors gratefully acknowledge financial support by the
Austrian Science Foundation (Grant V203-N19) and the Ministry of Education, Science
and Technological Development of the Republic of Serbia (Grant 11145007).

[1] T. Bordevié, Acta Cryst. E64 (2008) i57.
[2] T. Mihajlovié, U. Kolitsch, H. Effenberger, J. Alloys Compd. 379 (2004) 103-109.
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Jenumeme, BaCuAs,07, 1001jeHO je XuapoTepMalHOM METOAOM (Te(I0HOM 00JI0KeHN
YeNTMYHU ayTOKJIaBH, 9 MaHa, ayTOTEHH TPHUTUCAK, Tp. =473 K, pH = 3). Kpucranume y
BUIly NPU3MATHYHUX IUIABO3ENEHHUX KpHucTaia, BenuuuHe 1o 0,08 mm. [Ipuxymsenu cy
mudpakunonn momauum Ha MoHOoKpuctany (MoKa penarencko 3pauewmse, CCD paBHH
nerextop, 298 K, . =26,36 °). YraumaBawem 101 mapamerpa nobujenu cy cienchu
R-dpaxropu: R, = 0,0260, wR, = 0,0569 3a ykynHO 1294 pednexcuje u R; = 0,0242 3a 1229
pednexkcuja ca [>20(l). Kpucranorpadcku mnogauu: npocropHa rpyma  P2/n,
a—S ,7343(11), b=8,4722(17), c = 13,071(3) A, f=91,12(3) °, ¥ =634,92) A*, Z=4.

Kpucranna crpykrypa mnpunaga GaMuinju
ctpykrypa a-Ca,P,0; ([1,2] m Tamo HaBeneHa
muteparypa). CTpykTypa mpeacraBiba 3D-mpexy
caunbeHy o kBaapaTHux nupamuaa CuOs koje
cy porsseBuMa mnose3aHe ca As,O;-rpynama. ¥V
tetpaeapuma AsO, Hajayxka As—O pactojama Cy
ca MocroBHuM 04, a yrao Asl-0O4-As2 je
125,2(2) °. Tpoceuna <As—O> pactojama cy
1,686(4) 3a AslO; u 1,696(4) A 3a As20,.
IIpoceuna nyxkuna Be3e <Cu—O> wu3HOCU
2,0579(4) A. Hajaysxe pactojame Cu—O
[2,381(4) A] nompuHOCH cymu BaleHIM Be3a ca
npubmmkHO 8 % W jacHO yKasyje Ha KBaJpaTHO-
-mupamuganay (4+1) xoopauHammjy Cu. CBaku oI TIET KHCEOHHKA M3 KOOPAMHAIOHOT
nosiuesapa Oakpa BesaH je 3a pasziauuurte As,O;-rpyne (ci. 1). Aromu Ba cMemtenu cy y
TyHeJMMa Koje (opMHpajy UBUIIE ABE KBaaparHe nmupamuze u Tpu AsOy-Terpaenpa (ci. 2).
Atomu Ba xoopmuHECaHU Cy ca JEeBEeT KHCEOHHKa ca mpocedyHnM <Ba—O> pacrojameM
2,821 A. Cyma Basnenu Be3a 3a Ba y koopaunanuju neset ysehana je u usnocu 2,21 B.j.,
1ITO je OJucKo BpenHocTy 2,23 m3pauyHaroj y BaCoAs,O; [2].

3axeannuya. Ayrtopu ce 3axBasbyjy AyctpujckoM ¢QoHay 3a Hayky (Tpojexar
V203-N19) u MuHuCTapCcTBY IPOCBETE, HAYKE M TEXHOJIOMIKOT pa3Boja Pemybmmke Cpouje
(nmpojexar 11145007).

Cruka 2. Atomu Ba (upHn) y
TyHeJIUMa ayX oce a. Tepmannu
SJMIICOU/IM HALIPTAHH CY Ca
crerieHoM BepoBaTHohe o1 90 %.

[1] T. Bordevi¢, Acta Cryst. E64 (2008) i57.
[2] T. Mihajlovi¢, U. Kolitsch, H. Effenberger, J. Alloys Compd. 379 (2004) 103-109.
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During the probation work on synthesizing inorganic arsenites and arsenates using ionic
liquids as solvents, a novel compound (CgH;;N,),(CusBr;) has been synthesized under
ionothermal conditions using 1-ethyl-3-methylimidazolium bromide (=emimBr=
CsH1N,Br) as ionic solvent in mixture with Ba(OH),-8H,0, Cu(OH),2H,0, As,0s and
distilled water. Its crystal structure is orthorhombic (space group Pnma, a = 12.7362(25),
b =20.4807(41), ¢ = 10.0377(20) A, V'=2618.3(9) A3, Z=4) and consists of (CusBr;)*
anions arranged in zigzag chains, which are surrounded by emim" cations (Fig. 1).

The crystal structure
consists of structural
units where five
tetrahedrally coordinated
copper(I) atoms (one
Cul in special position
with half occupancy, two
Cu2 and two Cu3) share
edges (Fig. 2). Three of
five unique Br atoms also

Figure 1. The emim" cation Figure 2. Fivenuclear occupy special positions
with the atomic numbering (Cu5Br7)2_ structural unit built  with half occupancy. The
scheme. Thermal ellipsoids up of edge-shared CuBry units are further joined in
are drawn at the 50 % tetrahedra. the zigzag {(CusBr;)*},
probability level. chains, which are parallel

to the a axis.

The Cu—Br bond distances in distorted CuBr, tetrahedra are between 2.3667(10) and
3.0284(12) A, while Br—Cu—Br angles vary from 94.65(3) to 120.70(4) °. The negative
charge on (CusBr;)*" units is balanced by two (emim)" cations, which are connected via
weak C1-H1--Br2 and C2-H2---Br4 hydrogen bonds (Fig. 3).

Acknowledgement. The authors gratefully acknowledge financial supports by the
Austrian Science Foundation (FWF) (Grant V203-N19) and the Ministry of Education,
Science and Technological Development of the Republic of Serbia (Grant 11145007).



XXI KOH®EPEHIIMJA CPIICKOI' KPUCTAJIOI'PAOCKOI IPYIITBA 73

JOHOTEPMAJIHA CUHTE3A U KPUCTAJIHA CTPYKTYPA
(C6¢H11N2)2(CusBry)

T. Bophesuh *, /1. Mosern °, Jb. Kapanosuh ®

“ Universitdt Wien, Institut fiir Mineralogie und Kristallographie, Althansstr. 14, A-1090
Vienna, Austria; " Yuueepsumem y Beoepady, Texnonowko-memanypwxu gaxyimem,
Kapneaujesa 4, 11000 Beocpao, Cpbuja; © Yuusepzumem y Beoepady, Pyoapcko-eeonowxu
gaxyimem, Jlabopamopuja 3a kpucmanoepagujy, Bywuna 7, 11000 Beoepao, Cpouja
e-mail: tamara.djordjevic@univie.ac.at

Y by HCIUTHBAaKa JOHCKMX TEYHOCTH Kao Moryhux pactBapaya 3a noOujambe
apceHnTa W apceHara, nooujeHo je HoBo jeaumeme (CqHiiN,),(CusBr;) joHoTepmanHnom
cuHTE30M y l-etmin-3-MeTmn-mMuaazonujyM-opomuny (= emimBr = C¢H; N,Br) kao
pactBapauy y mpucyctsy Ba(OH),8H,O, Cu(OH),2H,0, As,Os u nectuioBaHe BoOje.
Kpucranna crpykrypa je pomOuuHa (mpocropHa rpyna Pnma, a=12,7362(25),
b=20,4807(41), ¢=10,0377(20) A, V'=2618,3(9) A3, Z=4) u cacroju ce ox aHjoHa
(CusBr)*” koju cy noBe3aHu y LHK-LaK JaHIe OKpyKeHe KaTjoruMa emim’ (ci. 1).

OCHOBHY CTPYKTYpHY jeIHHU-
Iy 4YHHA TeT TeTpaecaapCcKu
KoopauHupaHux aroma Oakpa(l)
(eman Cul y coenmjaaHOM
nojoxajy, n1ea Cu2 u asa Cu3).
Tpu ox mer atroma Br takohe ce
Halase y CHELUjaHUM MOJI0XKa-
juma (cit.  2). Terpaenpu y
CTPYKTYPHO]  jJEAMHHMIM  JIeJie
3ajeqanuke  uwBuie. CycemHe
CTPYKTypHE jEOUHHIE MOBE3aHE
Cy y LHUK-IIaK JjaHie (opMmyie
{(CusBr;)* "}, mapanense a-ocu.

Crmuka 3. CTpyKTypa mocMaTpaHa JyX c-0ce ca
LUK-11aK JIAaHI[Ma BE3aHUM BOJAOHHYHHM Be3aMa 3a
KaTjoHe emim .

Pacrojama Cu—Br y nepopmucanum CuBr, Terpaeapuma Hajlaze ce y MHTEpBAIY O
2,3667(10) no 3,0284(12) A, a yrmosu Br-Cu—Br kpehy ce on 94,65(3) no 120,70(4) °.
HeratuBro Haenexktpucame terpaeaapckux (CusBry)®  7naHama  ypaBHOTEXKEHO je
MO3MTHBHUM HAeJEKTPUCAKmEM JBa KaTjoHa (emim)’, Koju Cy 3a JaHIe BE3aHH ClabuMm
BogoHn4yHUM Bedama C1-H1---Br2 u C2-H2---Br4 (ci. 3).

3axeannuya. Aytopu ce 3axBasbyjy AyctpujckoMm (oHmy 3a Hayky (mpojekat V203-
-N19) u MununcrapcTBy npocBeTe, Hayke M TEXHOJOIIKOr pas3Boja PemyOmuke CpOwuje
(mmpojexar 11145007).
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SYNTHESIS AND CRYSTAL STRUCTURE OF POTASSIUM-
(MALAMIDO-N,N'-DIPROPIONATO)PALLADIUM((II) HYDRATE,
CoH12K>2N,O4Pd
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email: emrkalic@kg.ac.rs

In this paper we synthesized amide-containing chelate ligand, derivate of malonic acid
and appropriate Pd(II) complex. The corresponding Pd(I) complex was prepared by
equimolar reaction of K,[PdCl,] and neutralized ligand. Here, we report the X-ray of the
molecular structure.

Each asymmetric unit contains one formula unit, consisting of: a two anionic
Pd-complex, two cations-K and a one water oxygen atom. Both of palladium(II) ions are
four coordinated. Pd(I) ion coordinates two deprotonated amide nitrogen atoms and two
deprotonated carboxylic oxygen. The distances are within the range of 1.982(2) and
2.039(1) A. The cis angles at the palladium(II) ion range from 83.73(4) to 92.51(5)° and the
trans angles from 175.99(5). Naturally, the distance between palladium and amide-nitrogen
(1.982 A) is shorter than the distance between palladium and oxygen (2.039 A) as
expected. This indicates stronger interaction of Pd(II) with ionized amide nitrogens than
with oxygen [1]. Crystal data: monoclinic, space group P2y/m, a=4.222(3),
b=17.471(11), c=9.368(6) A, f=97.404(1) °, V=685.2(10) A*, Z=4, p=2.156 g cm ",
u=1.996 mm . The refinement on F* (440 parameters and 11082 independent reflections)
yielded final R = 0.0192 (I > 20(1)), wR = 0.021, S = 1.042.

/ \ e D
% \ /V@
Figure 1. ORTEP plot for molecule CoH{,K,N,0,Pd

[1] Z.D. Matovié, E. Mrkali¢, G. Bogdanovi¢, V. Koji¢, A. Meetsma, R. Jeli¢, J. Inorg.
Biochem. 121 (2013) 134-144.
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CHUHTE3A U KPUCTAJHA CTPYKTYPA KAJINJYM-
-(MAJIAMUJO-N,N"-TUIIPOITUOHATO)-MAJIA TATYM(ID)-
-XUJPATA, CoH;,K;N,0,Pd
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VY OBOM pajy CHHTETHCAIH CMO JIMTaHJ KapOOKCAMHUIHOT THIA, ACPUBAT MAJOHCKE
kucennHe u oxaropapajyhm mamagujym(Il)-kommexc. Opnrosapajyhun  mamaaujym(ID)-
-KOMIUIEKC CHHTETHCaH je Yy peakuuju exkBuMonapHux kosmuumHa Ko[PdCly] u
HeyTpaJicaHor jimrania. OBje caonraBaMo MOJIEKYJIapHy CTPYKTYPY.

CBaka acMMETpUYHA jeAWHUIIA CAAPKH IO jeTHY jeIWHUIYy (GopMyle, Koja ce cacToju
on: nBa aHjoHcka Pd-komruiekca, nBa katjona-K u jeaHor atoma kuceonuka u3 Boje. O6a
nanamujym(Il)-jona cy terpakoopaunoBana. Pd(Il)-joH xoopauHyje aBa JenpoTOHOBaHA
aMHJIHA aToMa a30Ta M JjBa JAENpPOTOHOBaHA KapOOKCWIIaTHA aToMa KHCeoHHKa. Pactojama
cy y panry 1,982(2) —2,039(1) A. Cis yrnosu nanagujym(Il)-jona cy y panry ox 83,73(4)
10 92,51(5) ° u trans yraou 175,99(5). OuekuBano, pacrojame u3Mely nanamdjyma u
azora (1,982 A) je xpahe ox pacrojama n3mely mamagujyma u kuceonuka (2,039 A). Oso
yKa3syje Ha jauy uHTepakuujy nsMely nanaaujyma u asora [1]. Kpucranorpadcekn nonarm:
KPUCTATHA  CHCTEM — MOHOKITMHHYHH, TIpOCTOpHa Tpyma P2./m, a=4,222(3),
b=17471(11), c=9,368(6) A, f=97,404(1) °, V= 685,2(10) A*, Z=4, p=2,156 g cm >,
u=1,996 mm . Yraumasame ca F° (440 mapamerapa u 11082 HesaBucHHX pedieKcuja)
naio je R =0,0192 (I > 20(J)), wR = 0,021, S = 1,042.

Cruka 1. MonekynapHa ctpykrypa CoH ,K,N,0O,Pd

[1] Z.D. Matovié, E. Mrkali¢, G. Bogdanovi¢, V. Koji¢, A. Meetsma, R. Jeli¢, J. Inorg.
Biochem. 121 (2013) 134-144.
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SYNTHESIS AND CRYSTAL STRUCTURE OF cis-equatorial-
SODIUM (ETHYLENEDIAMINE-N,N,N'-
TRIACETATO)CHLORIDORHODATE(II) MONOHYDRATE,
Na[RhCl(ed3a)]-H,O
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This complex was prepared by the procedure applied to make Rh(III) complexes with
hexadentate edta-type ligands [1]. Caz(ed3a),-12H,0 (1.99 g; 0.0025 mol) was dissolved in
15 ml of water and solution of 0.60 g (0.015 mol) NaOH in 5 ml of water was added.
Ca(OH), precipitate was separated by filtration and in filtrate was added the solution of
1.05 g (0.005 mol) RhCI;-xH,0 in 5 ml of water. The resulting mixture was stirred at
145 °C for 7 h. After cooling to room temperature, the yellow solution was filtered off and
the filtrate was passed through a column supplied with the QAE A-25 Sephadex in the CI”
form. After elution with 0.1 M NaCl, two yellow bands were detected in the column. The
first eluate was evaporated and desalted by passage through a Sephadex G-10 column. The
elute was evaporated to ca. 3 ml and cis-equatorial-Na[Rh(ed3a)CI]-H,O was crystallized
after adding ethanol and cooling the solution in a refrigerator. Crystal data: monoclinic,
space group P2,/c, crystal size 0.1895x0.0717 x 0.0192 mm, a=13.4003(6),
b=6.9326(3), c¢=1497728) A, [p=115328(6)°, V=1257.62(12)A°, Z=4,
p=2.168 gcm™, u=13.639 mm ', R=0.0511, wR = 0.0810.

Figure 1. Asymmetric unit of cis-equatorial-Na[RhCl(ed3a)]-H,O complex

[1] U. Rychlewska, M.I. Djuran, M.M. Vasojevi¢, D.D. Radanovi¢, V.M. Ristanovic,
D.J. Radanovié, Inorg. Chim. Acta, 328 (2002) 218-228.
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OBaj KOMIUIEKC je CHHTETHCAH 10 TIPOLEypH Koja je mpuMmemeHa 3a nooujame Rh(III)
kommuiekca ca EDTA tunom smranaga xekcagenratHor tuma [1]. YV 15 ml Bome
pactBopeno je 1,99 g (0,0025 mol) Cas(ed3a),-12H,0 u oBoM pacTBOpy je HomaT pacTBOp
NaOH nobwujen pacrBapamem 0,60 g (0,015 mol) y 5 ml Boxe. Tanor Ca(OH), ongojeH je
nehemwem u y ¢uatpar je momat pacTBop aodbujeH pactBapamem 1,05 g (0,005 mol)
RhCl;-xH,0 y 5 ml Boze. Jlobujena cMmerua je 3arpesana ua 145 °C 3a Bpeme ox 7 h. Iocie
xmahema 10 coOHE TemmepaType, KyTH pacTBOp je mporieheH u HaHeT Ha KOJIOHY Koja je
HanymeHa JoHCKUM Hu3MemnBaueM Sephadex QAE A-25 y CI obnuky. Hakon enyupatba
ca 0,1 M NaCl, nerekroBaHe Cy 1Be )KyTe Tpake. [IpBa Tpaka je ymapeHa u co je yKIOmeHa
nomohy SEPHADEX G-10 konone. TakaB pacTBop je ynapeH a0 3anpemuHe ox 3 ml u
KoMmIieke  cis-equatorial-Na[Rh(ed3a)Cl]'-H,O xkpucramucan gomaTkoM eTaHOda U
xnahemeM y dpwkuaepy. Kpucranorpadeku nogany: MOHOKIMHUYHHA CUCTEM, IPOCTOPHA
rpyna P2i/c, BenmuumHa kpuctama 0,1895 % 0,0717 x 0,0192 mm, a = 13,4003(6),
bh=6,9326(3), c=14,9772(8)A, p=115328(6)°, V=1257,62(12)A°, Z=4,
p=2,168gcm™, n=13,639 mm ', R=0,0511, wR = 0,0810.

Cnuka 1. AcumerpuuHa jeaununa cis-equatorial-Na[RhCl(ed3a)]-xH,O komruiekca

[1] U. Rychlewska, M.I. Djuran, M.M. Vasojevi¢, D.D. Radanovi¢, V.M. Ristanovic,
D.J. Radanovi¢, Inorg. Chim. Acta, 328 (2002) 218-228.
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Synthesis: 1.00 g (0.0078 mmol) of 2-acetyl butyrolactone, 1.34 g (0.0078 mmol) of the
methyl ester of cysteine hydrochloride and 0.79 g (0.0078 mmol) of triethylamine were
mixed. The system was subjected to an ultrasonic bath for a period of 4 h at a temperature
of 40 °C. After the reaction, the product was dissolved in 40 ml of chloroform and a liquid-
liquid extraction in a separating funnel was performed (three times 40 ml of chloroform
and 30 ml of water). The organic layer was separated from the aqueous layer and dried
over anhydrous sodium sulfate. Then the sodium sulfate was separated by filtration on a
Biichner funnel and the chloroform solution was evaporated to dryness. The obtained
product was dissolved in methanol and the purity was checked by TLC method (toluene:
ethyl acetate =1:1). White crystals suitable for X-ray analysis were obtained from the
mother solution after 24 hours.

Crystallographic data: orthorhombic crystal system, space group P2;2,2;, crystal size
0.30 x 0.24 x 0.20 mm, a = 8.9804(2), b= 10.9344(2), c = 12.2062(5) A, V'=1198.59(4) A’
Z=4, D =1359¢g cm’3, 1=10.269 mm . The refinement on F* (151 parameters and
2872  independent reflections) yielded final R;/wWR,(I>20;) =0.0362/0.0901,
R/WR, (all data) = 0.0396/0.0924.

02

01
C1

C4

Figure 1. ORTEP plot for molecule of methyl 2-methyl-2-(2-oxotetrahydrofuran-3-yl)-4-
thiazolidine-4-carboxylate
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SINTEZA I KRISTALNA STRUKTURA METIL 2-METIL-2-(2-
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Sinteza: Odmeri se 1,00 g (0,0078 mmol) 2-acetil butirolaktona, 1,34 g (0,0078 mmol)
hidrohlorida metil estra cisteina i 0,79 g (0,0078 mmol) trietilamina. Sistem se tretira u
ultrazvu¢nom kupatilu u periodu od 4 h na temperaturi od 40 °C. Po zavrSetku reakcije
proizvod se rastvara u 40 ml hloroforma i vrsi tecno-tecna ekstrakcija u levku za odvajanje
(3 puta 40 ml hloroforma i 30 ml vode). Organski sloj se odvaja od vodenog i susi preko
anhidrovanog natrijum-sulfata. Potom se natrijum-sulfat odvoji cedenjem na Bihnerovom
levku, a hloroformski rastvor upari do suva. Dobijeni proizvod se rastvara u metanolu, a
Cistoca se proverava TLC metodom (smesa toluen:etilacetat = 1:1). Beli kristali pogodni za
rendgensku strukturnu analizu dobijeni su posle 24 sata iz mati¢nog rastvora.

Kristalografski podaci: rombican, prostorna grupa P2,2,2,, veli¢ina kristala (mm)
0,30 x 0,24 x 0,20, a =8,9804(2), b=10,9344(2), c=12,2062(2) A, V=1198,59(4) A°,
Z=4, Dy =1,359¢g cm3, 1=10,269 mm . Utacnjavanje sa F? (151 parametar i 2872
nezavisne refleksije) dalo je Ri/WRy(I>20;) =0,0362/0,0901, R;/wR,(svi podaci)=
=0,0396/0,0924.
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Slika 1. Molekulska struktura metil 2-metil-2-(2-oksotetrahidrofuran-3-il)tiazolidin-
-4-karboksilata
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In this paper, the structure of the trans(Os) isomer of rhodium(IIl) complex with
ethylenediamine-N, N, N'-triacetate-N"-3-propionic acid (Hsed3ap) was studied (Figure 1).
The complex was obtained upon synthesis of the Hjed3ap ligand by the condensation
method. The asymmetric unit of the complex has the formula [Na(H,O);][Rh(ed3ap)] with
anionic part [Rh(ed3ap)] and hydrated sodium cation complex. Trans(Os)-[Rh(ed3ap)]
ion contain rhodium atom in a slightly distorted octahedral N204 environment. Sodium ion
is surrounded by O6 chromophore (three water molecules and three carboxylate oxygen
atoms) building an irregular octahedron. The complex ion contains two five-membered
glycinato rings in axial position, while remaining glycinato and six membered B-propionato
rings occupy equatorial position dictating trans(Os) isomer.

Crystal data: T=100(2) K, 1=0.71073 A, Space group orthorhombic, P2,2,2;, unit
cell parameters: a = 8.7006(3), b=11.2207(6), c=16.8707(9) A, V=1647.03(14) A®,
Z=4,p.=1.945 g cm™, final R indices [/ > 20(])]: R; = 0.0171, wR, = 0.0363.

o10

¢
O11 o
i

Figure 1. Asymmetric unit of trans(Os)-[Na(H,0);][Rh(ed3ap)] complex

[1] Vesna D. Mileti¢, PhD Dissertation, Faculty of Science, University of Kragujevac,
20009.
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VY oBoM pany uzy4daBana je crpykrypa trans(Os) uzomepa komiuiekca poaujyma(Ill) ca
eTuneHauaMuH-N, N, N -Tpuarerato-N -3-mponroHcKoM KucenuHoM (ciuka 1). Kommiekc
je noOHWjeH HaKOH CHHTE3e JHraHna KOHICH3alHOHOM MetoaoM [l]. Acumerpuuna
jenununna komruiekca uMa ¢dopmyny [Na(H,O);][Rh(ed3ap)] yHyTap koje pasnukyjemo
aHjoHckn komiuiekc [Rh(ed3ap)]” u xwuapatucanu katjoH HaTpujyma. trans(Os)-
-[Rh(ed3ap)] -jon cangpxu aToM poiaujymMa y HE3HAaTHO IMCTOPrOBAaHOM OKTaelapCKOM
N204 oxpyxemy. JoH HaTpujyMa okpyxeH je O6 xpomodopom (Tpu MoJIeKyIia BOJIE M TPH
KapOOKCHITHA aTOMa KMCEOHHUKA) M TPaayl HelpaBmiIaH okTaeaap. KOMIIEKCHH joH caapKu
JIBa TI€TOYJIaHA TJIMIMHATO MPCTEHa y aKCHjaTHOM I0JIOXKAjy, JOK MPEOCTaIH INIMIMHATO U
IIECTOWIaHN [B-TIPONMOHATO 3ay3MMajy E€KBAaTOPHjalHU MoJoxkaj muktupajyhu trans(Os)
u30Mep.

Kpucranorpadceku nogauu: 7= 100(2) K, 2= 0,71073 A, npocropHa rpyna poMouuHa,
P2,2,2,, mapamerpu hemmuje: a=38,7006(3), b=11,2207(6), c=16,8707(9)A,
V=1647,03(14) A°, Z=4, p. = 1,945 g cm >, konauuu R ungexcu [ > 20(1)]: R, = 0,0171,
wR, = 0,0363.

Cnuka 1. Acumerpuuna jeaununa komiuiekca rans(Os)-[Na(H,0);][Rh(ed3ap)]

[1] Vesna D. Mileti¢, Doktorska disertacija, Prirodno-matematicki fakultet, Univerzitet u
Kragujevcu, 2009.
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Hydrogen-bonding interactions play a prominent role in chemical and biochemical
processes. They represent fundamental stabilizing forces in biomolecules, like proteins
and nucleic acids [1]. Studies have shown that even weak hydrogen bonds like C—H/O
interactions are of great importance in biological systems [2]. The C—H/O interaction
energies can vary from very weak, —0.3 kcal/mol, to very strong, stronger than
—4.0 kcal/mol. In our previous work, we showed that the interaction energy of C—H/O
interactions of aromatic C—H donors depends on the aromatic ring substituent’s and on
the acceptor [3,4].

In this work, we present results on C—H/O interactions of water molecule with
nucleic bases molecules. The results are based on analysis of the data in the Cambridge
Structural Database (CSD) and on quantum chemical calculations.

The results of the ab initio calculations are in accord with the CSD data and show
that the bifurcated C—H/N-H interactions are stronger than linear interactions and
bifurcated C-H/C-H interactions for all nucleic bases. To understand calculated
energies of C-H/O interactions and unexpected results that linear interactions are
stronger than bifurcated C—H/C—H interactions, electrostatic potential maps for nucleic
base molecules were calculated. The calculated electrostatic potentials are in accord
with the calculated interaction energies and geometries observed in crystal structures.
These results can be very important for molecular recognition of DNA and RNA.

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

[2] G.R. Desiraju, Acc. Chem. Res. 29 (1996) 441-449.

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

[4] J.Lj. Dragelj, G.V. Janji¢, D.Z. Veljkovié, S.D. Zarié¢, CrystEngComm, 15 (2013)
10481-10489.
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BonoHu4HO Be3uBame Urpa BaKHY YJIOTY Y XeMHjCKMM M OMOXEMHUjCKUM IMpolLecuMa.
Bononnune Bese cy ¢ynnameHTanHe craOwiumyhe WHTEpakuuje y MHOTHM
O6moMosexynuMa, Kao ITO Cy MPOTEHHHU U HyKJIenHcke kucenune [1]. UcTpaxxuBama cy
nokasayia na u ciabe Bogonuune Bese nonyt C—H/O unTepakiyja uMmajy BEJIUKU 3HAYA]
y OuonomkuM cucremuma [2]. Enepruje C—H/O wmHTepakuuja Mory aa Bapupajy oA
Beoma ciabux, —0,3 kcal/mol, g0 Beoma jakux, mpeko —4,0 kcal/mol. Y nHammm
NPEeTXOJHUM pajoBHMa nokazanu cmo na erepruje C—H/O uHTEpakuuja apoMaTHYHUX
C—H nonopa 3aBuce 0/1 CyIICTUTyeHTa Ha apOMaTHYHOM TIIPCTEHY U 01 akuenTopa [3,4].

Y oBoMm pany mnpukaszanu cy pesyinratu 3a C—H/O unTepakiuje usmel)y moiekyia
BOJIC M MOJIEKyJla HyKJIEMHCKUX 0a3a. Pesynraru ce 3acHMBajy Ha aHAIM3M NOJaTaKa U3
KemOpuuke Oanke kpucramorpad)CKux IojaTaka W Ha KBAHTHO XCMHjCKHM
npopayyHHUMa.

Pesynrtatu ab initio mpopadyHa cy y carjlaCHOCTH ca mojanuma u3 KemOpuuke Oanke
moJjiaTaka u mokasyjy na cy oudypkosane C—H/N—H unTepakuuje jaue oj JIMHEAPHUX U
oudyproBanux C—H/C-H wunrepakuuja 3a cBe HykieuHcke 6aze. [la Ou ce pasymene
BpenHoctu eHepruja C—H/O uHTepaknuja M HEOYEKMBAHM DPE3YJITATHU MO KOjUMa Cy
JUHeapHe uHTepakuuje jaue on oudpypkopanux C—H/C—H unTepakiuja, uzpadyHare cy
Mare eJIeKTPOCTaTHYKOr IOTeHIMjajia 3a MOJIeKyJe HYKJIeHHCKUX Oa3za. M3pauyHarte
Mare Cy y CarjlaCHOCTH Ca M3padyyHaTHM CHEprujaMa MHTEPaKIUje M IeoMeTpujama y
KPUCTAIHUM cTpyKTypama. OBH pe3yJTaTH MOTYy OUTH BeoMa 3HauyajHU 32 MOJIEKYJICKO
npeno3HaBame monekyaa JJHK u PHK.

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

[2] G.R. Desiraju, Acc. Chem. Res. 29 (1996) 441-449.

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

[4] J.Lj. Dragelj, G.V. Janji¢, D.Z. Veljkovié, S.D. Zarié, CrystEngComm, 15 (2013)
10481-10489.
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A study of crystal structures from the Cambridge Structural Database (CSD) and DFT
calculations reveals that parallel pyridine-pyridine and benzene-pyridine interactions at
large horizontal displacements (offsets) can be important, similar to parallel benzene-
benzene interactions [1].

In the crystal structures from the CSD preferred parallel pyridine-pyridine interactions
were observed at a large horizontal displacement (4.0-6.0 A) and not at an offset of 1.5 A
with the lowest calculated energy. The calculated interaction energies for pyridine-pyridine
and benzene-pyridine dimers at a large offset (4.5 A) are about 2.2 and 2.1 kcal/mol,
respectively [2].

The data from protein structures from the Protein Data Bank also indicate the
importance of aromatic-aromatic interactions at large horizontal displacements (offsets). In
the proteins stacking interactions of phenylalanine residue show preference for large offsets
(3.5-5.0 A), while the calculations show substantially strong interactions, about
—2.0 kcal/mol. The calculated data are in agreement with the data on phenyl-phenyl
geometries in proteins. Calculations also show that for some benzene-benzene orientations
the difference in energy between minimum on the potential curve and large offsets is
relatively small (< 0.5 kcal/mol). Substantial attraction at large offset values is a
consequence of the balance between repulsion and dispersion [1]. That is, dispersion at
large offsets is reduced, however, repulsion is also reduced at large offsets, resulting in
attractive interactions.

These results can be very important in recognizing the significance of aromatic-
aromatic interactions at large horizontal displacements (offsets) in proteins.

[1] D.B. Ninkovi¢, G.V. Janjic, D.Z. Veljkovi¢, D.N. Sredojevi¢, S.D. Zari¢
ChemPhysChem, 12 (2011) 3511-3514.
[2] D.B. Ninkovi¢, J.M. Andri¢, S.D. Zari¢, ChemPhysChem, 13 (2012) 1-8.
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[IpoyuaBame KpUCTaTHHX CTpykTypa n3 KemOpuuke cTpykTypHE OaHKE MogaTaka
(CSD) u DFT npopauyHu mokadyjy MAa Cy MNapaleiHe NUPUAMH-TUPUANH U
OeH3eH-IMPUIMH MHTEpaKIMje Ha BEIUKMM IoMepamuMa (odceTMMa) BeoMa 3HadajHE,
IITO je CIIMYHO Cca mapaieTHuM OeH3eH-OeH3eH nHTepakiijama [1].

VY «kpucrannum crpykrypama u3 CSD-a, Haj3acTylubeHHje MapajeiHe MUPUIH-
-MIUPUAMH HHTEpakuuje cy mnpuMmeheHe Ha BEJIMKMM XOPHU3OHTAIHMM IIOMEpambUMa
(4,0-6,0 A) a He Ha odcery ox 1,5 A, koju je oAroBapao HajHHKOj M3PAUYHATO] EHEPIUjH.
W3padyHare BpeIHOCTH 3a €HEPIHjy MHTEPAKIMje NUPUIUH-TIMPUINH H OCH3EH-IHPUANH
numepa Ha Benukom odeery (4,5 A) cy oxo 2,2 u 2,1 keal/mol [2].

[Mogauum u3 cTpykTypa nporerHa aobujeHux nperparom [IporemHcke OaHke mojaaTaka
(PDB) Takohe Ha3Hauyjy Ba)XHOCT apoOMaTH4HO-apOMAaTHYHUX WHTEPAKIMja Ha BEIMKHM
XOpPH30HTAIHUM TioMepamuMa (odcernMa). Y TPOTEHMHMMA CTEKHHT WHTEPAKIIH)je
(eHMTanaHMHCKUX OCTaTaka MOKa3yjy Texmy ka BenukuMm odcetuma (3,5-5,0 A), mox
NpopauyHu IOKa3yjy 3HauajHy HHTepakuujy, oj oko —2,0 kcal/mol. Ilomaum koju cy
JIOOMjeHH MpopadyHUMa Cy Y CarjacHOCTH ca MoJaliMa O TreoMeTpujama (QeHmI-QeHumT
WHTEpaKmuja y nporenHnMa. [IpopadyHn Takohe mokasyjy da je 3a Heke OeH3eH-OeH3eH
OpHMjeHTalMje pa3jivka y eHepruju u3melly MHHMMyMa Ha MOTEHIMjaIHO] KPUBOj M Ha
BenMKUM odcernma penatuBHo Maina (< 0,5 kcal/mol). 3Havyajua mpuBIaYHA MHTEPAKIIHja
Ha BEJIMKAM OceTUMa je Mmoclieanlia paBHOTEeke m3Mely ondujama u qucrep3uje. Jlakie,
TUCTIep3dja Ha BeIMKUM O(dceTMa je CMameHa, Kao W pemyikHja, IITO pe3yiTyje
NPUBIAYHUM HHTEPAKIHjaMa.

OBu pesynraru Mory na Oyay BpJIO 3Ha4yajHU 3a IPENO3HABakE€ apOMaTHYHO-
-apOMaTHYHUX HWHTEpaKIHja Ha BEIMKUM XOPH30HTAJIHUM IoMmepamuma (opcetuma) y
NPOTEHHUMA.

[1] D.B. Ninkovi¢, G.V. Janjic, D.Z. Veljkovi¢, D.N. Sredojevié, S.D. Zari¢
ChemPhysChem, 12 (2011) 3511-3514.
[2] D.B. Ninkovi¢, J.M. Andri¢, S.D. Zari¢, ChemPhysChem, 13 (2012) 1-8.
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The studies showed that interactions of water molecules and aromatic species have a
important role in systems, such as biomolecules and materials. Therefore, these
interactions have been the subject of extensive experimental and theoretical
investigations.

The interactions of non-coordinated and coordinated water molecule with a
Cs-aromatic ring were studied by analyzing data in the Cambridge Structural Database
(CSD) and by quantum chemical calculations. The results of crystallographic analysis
show that water/aromatic contacts prefer parallel to OH/n interactions, regardless of
whether the water molecule is coordinated or not, indicating importance of parallel
interactions [1-3]. The results show a slightly larger number of interactions of
non-coordinated water with parallel-down orientation than interactions with
parallel-up orientation, while the fraction of parallel-down orientation of coordinated
water is substantially larger. The parallel interactions of non-coordinated and
coordinated water preferably occur at large offsets.

The results of calculations reveal influence of water coordination to a metal ion: the
interactions are stronger with aqua complexes, than with non-coordinated water, even if
the aqua complex is neutral. The interactions of positively charged complexes are
significantly stronger than the interactions of the neutral complex and increase with
increasing charge.

The parallel interactions at large offsets are significantly weaker than interactions
with water molecule above the rings. This suggests that supramolecular structures in
crystals have very important influence on the geometries of water/aromatic interactions,
since in parallel interactions both water and aromatic ring have better possibility to
form additional simultaneous interactions.

[1] G.V. Janji¢, D.Z. Veljkovi¢, S.D. Zari¢, Cryst. Growth Des. 11 (2011) 2680-2683.

[2] D.Z. Vojislavljevi¢-Vasilev, G.V. Janji¢, V.B. Medakovi¢, J.P. Blagojevi¢, S.D. Zarié,
ChemPhysChem, (2014) accepted.

[3] D.Z. Vojislavljevi¢, G.V. Janji¢, D.B. Ninkovi¢, A. Kapor, S.D. Zarié, CrystEngComm,
15 (2013) 2099-2105.
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HctpaxuBama Cy nokazana Jja HHTEpaKiyje MOJIEKyJlia BOJE Ca apoOMaTHYHHM
BpCTaMa HMMajy jako Ba)KHY YJIOTY Y CHCTEMHMa MOIYT OMOMOJIEKYJa W Marepujaia.
Crora cy oBe MHTepaKiuje Ouie mpeaMeT OpPOjHHX EKCIEPUMEHTAHUX M TEOPHUjCKUX
cTyauja.

Wurtepakiyje HEKOOPAWHOBAHOT U KOOPJMHOBAHOT MOJIEKYJIa BOJE Ca apOMAaTHYHUM
OPCTCHOBHMA IPOyYaBaHE Cy aHANIM30M mojaraka nobujenux u3 KemOpuuke OaHke
KpucTalorpadckux IoJaTaka W KBAaHTHO-XEMHjCKHM IpopadyyHuMa. Pesynratn
KpucTasorpad)cke aHauu3e IIOKa3ald Cy Aa MOJEKYJIH BOAE U apOMaTHYHH IIPCTEHOBU
nokasyjy Behy Texmy ka napanesnuM Hero ka OH/m mHTEepakuujama, HE3aBHCHO Ja JIH
je BOJa KOOpAMHOBaHa WJM He, mTO ynyhyje Ha 3Hayaj HapajelHUX WHTEepaknuja
[1-3]. Koxg uHTepakumja ca HEKOOpPAWHOBAHOM BOJIOM IIOCTOjU He3HaTHO Behm Opoj
KoHTakaTa ca parallel-down Hero ca parallel-up opujeHTanMjoM, IOK je YIeo
KOHTakata ca parallel-down opwujeHTamujom 3HaTHO Behu kojg wuHTepakiuja ca
KOOPIMHOBAaHOM BojaoM. [lapanienHe HHTepaKiHje KOOPJHHOBAHOT 1 HEKOOPAHHOBAHOT
MOJIEKyJIa BOJIE C€ TIPETEKHO jaBJbajy ca BEIUKUM O(CeT BPeIHOCTUMA.

Pesynratu npopadyHa nmokasyjy Jia MocTOjU YTHUIQ] KOOpAMHALIMjE MOJIEKyJa BOJE 3a
JOH MeTaJia: UHTEpaKIMje KOOPIUHOBAHE BOJE CY jaue, YyaK U Kaja je aKkBa KOMIUICKC
HeyTpanaH. VlHTepakiyje MO3UTHBHO HACNEKTPUCAHMX KOMILIEKCA Cy 3HATHO jadye Ol
WHTEpaKIrja HEYTPATHHNX KOMIUIEKCA, a jadWHa HMHTEpaKIfja pacTe ca IOopacToM
HaeJeKTpUCama KOMIUIeKCa.

[MapanenHne MHTEpaKIUje ca BEIMKUM O(CET BpEeIHOCTHMA Cy 3HA4YajHO cliabuje of
MHETpaKILMja ca MOJIEKYJIOM BoJe W3Haja npcTeHa. OBO ykasyje Ja CylmpamoeKyJicKa
CTPYKTypa y KpHCTalumMa WMa OWTaH YTHIIA] HAa TEOMETPHjy HWHTepakuuja usmehy
MOJIEKyJIa BOJE ¥ apOMAaTHYHOI IPCTEHA, jep KOJ MapajelHUuX WHTEPaKIHja U MOJIEKYI
BOJIE M apoMaTW4yHM npcTeH umajy Behy MoryhHocT 3a ¢dopMupame I0IaTHHX
MHTEpaKILyja.

[1] G.V. Janji¢, D.Z. Veljkovi¢, S.D. Zari¢, Cryst. Growth Des. 11 (2011) 2680-2683.

[2] D.Z. Vojislavljevi¢-Vasilev, G.V. Janji¢, V.B. Medakovi¢, J.P. Blagojevi¢, S.D. Zari¢,
ChemPhysChem, (2014) accepted.

[3] D.Z. Vojislavljevi¢, G.V. Janji¢, D.B. Ninkovié¢, A. Kapor, S.D. Zarié, CrystEngComm,
15 (2013) 2099-2105.
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Many properties of metal complexes depend on orientations of ligands. For example the
orientations of axial ligands of heme are considered to have a strong influence on the
function of heme cofactors in proteins [1]. The orientation of coordinated molecules or ions
depends on crystal field stabilization effects and on intramolecular interactions with other
ligands [2].

In this work, we elucidate the influence of charge of metal complex and different
halogen ligands on orientation of aqua ligands in tetrahedral complexes. The Cambridge
Structural Database (CSD) was searched for all tetrahedral complexes that have at least one
aqua ligand coordinated to a metal ion. Orientations of aqua ligands, in these complexes, in
respect to metal ion, are defined by M—O—Hc angle. The distribution of M—O—Hc angle
values shows peaks in intervals 120-130, 140-150 and 170-180 °. We also performed
calculations on tetrahedral complexes of zinc. The results of ab initio calculations showed
that orientation of aqua ligands depends on the charge of the complex. For neutral complex
[ZnCl,(H,0),], the M—O—Hc angle is 140 °, and for charged complexes, [ZnCI(H,0)s]" and
[Zn(H,0),]*", these angles are 150 and 180°, which is in agreement with the
results obtained from the CSD search. Also, different halogen ligand types do not affect
the orientation of aqua ligands in these complexes. For complexes [ZnF(H,0)]",
[ZnC1(H,0);]", [ZnBr(H,0);]" and [ZnI(H,0);]", values of M—O—Hc angles are 150 °, for
all complexes.

M-O-He

[1] A. Raki¢, V.B. Medakovi¢, S.D. Zarié, J.Inorg. Biochem. 100 (2006) 133-142; V.
Medakovi¢, S.D. Zari¢, Inorg. Chim. Acta, 349 (2003) 1-5.

[2] G.V. Janji¢, M.K. Mil¢i¢, S.D. Zari¢, Chemical Papers, 63 (2009) 298-305;
M. Mil¢i¢, S.D. Zarié, Eur. J.Inorg. Chem. 8 (2001) 2143-2150.
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Poznato je da mnoge osobine kompleksa metala zavise od orijentacije liganada. Na
primer, smatra se da orijentacije aksijalnih liganada kod hema imaju snazan uticaj na
njegovu funkciju u proteinima [1]. Orijentacija koordinovanih molekula ili jona zavisi od
efekata stabilizacije kristalnog polja i od unutarmolekulskih interakcija sa ostalim
ligandima [2].

Ovde smo prikazali uticaj naelektrisanja kompleksa metala i razli¢itih halogenih
liganada na orijentaciju akva liganada u tetraedarskim kompleksima. Pretrazili smo
Kembricku kristalografsku banku podataka za sve tetraecdarske komplekse koji imaju
najmanje jedan akva ligand koordinovan za jon metala. Orijentacije akva liganada u ovim
kompleksima u odnosu na jon metala definisane su M—O-Hc uglom. Raspodela vrednosti
M-0O-Hc ugla pokazuje tri maksimuma u intervalima 120-130, 140-150 i 170-180 °.
Uradeni su i ab initio proracuni na tetraedarskim kompleksima cinka. Rezultati proracuna
su pokazali da naelektrisanje kompleksa ima veliki uticaj na orijentaciju akva liganada. Za
neutralni kompleks [ZnCly(H,0),] ugao M—O-Hc iznosi 140°, a za naelektrisane
komplekse [ZnCI(H,0);]" i [Zn(H,0)4]*", ovi uglovi su 150 i 180 °, §to je u saglasnosti sa
maksimumima dobijenim pretragom. Pored toga, pokazalo se da na orijentaciju akva
liganda ne uti¢e priroda halogenog liganda. Za komplekse [ZnF(H,0)s]", [ZnCI(H,0);]",
[ZnBr(H,0)5]" i [ZnI(H,0)5]", vrednosti M—O-Hc uglova u sva &etiri slu¢aja iznose 150 °.

M-O-He

[1] A. Raki¢, V.B. Medakovi¢, S.D. Zari¢, J.Inorg. Biochem. 100 (2006) 133-142; V.
Medakovié, S.D. Zari¢, Inorg. Chim. Acta, 349 (2003) 1-5.

[2] G.V. Janji¢, M.K. Mil¢i¢, S.D. Zari¢, Chemical Papers, 63 (2009) 298-305;
M. Mil¢i¢, S.D. Zarié, Eur. J.Inorg. Chem. 8 (2001) 2143-2150.
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Supramolecular association is often mediated by hydrogen bonds. In the field of
supramolecular chemistry the thiosemicarbazide molecule (NH,—NH-C(=S)NH,) is
interesting due to the number of donor N-H groups when compared to the overall
molecular surface. Thiosemicarbazides contain also four possible acceptors of hydrogen
bonds, three nitrogens as conventional acceptors and a sulfur which was till recently
considered as week hydrogen bond acceptor.

In the present work we have continued the study of electronic properties of sulfur in the
derivative of thiosemicarbazides. We have compared the experimental electronic properties
[1] of 4-methyl-3-thiosemicarbazide (MeTSC) with theoretically calculated properties
obtained from structure factors calculated: from experimental geometries, isolated
monomers (A and B), model systems of MeTSC dimers and model systems of
MeTSC/MeOH and aceton/MeOH model systems. All theoretical calculations were
performed with CRYSTALOQ9 [2] program with B3LYP method and 6-31G** basis set.

The deformational map of electronic density, topology of total electron density and
electrostatic potential of the theoretical models with experimental geometries coincide with
the experimental results [1]. The experimental crystal packing of MeTSC consists of two
independent molecules, A and B, in the asymmetric unit with slightly different geometries.
As these two molecules participate in eight D—H...S hydrogen bonds (four per molecule in
the asymmetric unit) the impact of each of these interactions on the electron density around
the sulfur atom was investigated. We found the resulting cohesive energy of interacting
pairs to ranged from —0,16 kcal/mol to —5,66 kcal/mol.

Finally we were interested in the comparison of electron properties of a conventional
hydrogen bond acceptor (represented with oxygen) and electron properties of sulfur. For
this purpose cohesive energies of constructed theoretical systems MeTSC/MeOH and
aceton/MeOH were compared.

[1] B.M. Francuski, S.B. Novakovi¢, G.A. Bogdanovi¢, CrystEngComm, 13 (2011)
3580-3591.

[2] R. Dovesi, V.R. Saunders, R. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale, B.
Civalleri, K. Doll, N.M. Harrison, I.J. Bush, P. D’Arco, M. Llunell, CRYSTALO09;
University of Torino: Torino, 2009.
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PROUCAVANJE AKCEPTORSKIH SPOSOBNOSTI ATOMA
SUMPORA U MOLEKULU TIOSEMIKARBAZIDA PRIMENOM
DFT METODE

B. Francuski®, P. Francuski ", S. Novakovi¢® G. Bogdanovi¢*

 Institut za nuklearne nauke Vinca, Laboratorija za teorijsku fiziku i fiziku kondenzovane
materije, Univerzitet u Beogradu, p.p. 522, 11001 Beograd, Srbija; " Institut za
molekularnu genetiku i geneticko inZenjerstvo, Univerzitet u Beogradu,

Vojvode Stepe 444a, 11010 Beograd, Srbija

e-mail: bodraskovic@vinca.rs

U oblasti supramolekulske hemije asocijacija molekula je Cesto posredovana gradenjem
vodoni¢nih veza. Sa ovog aspekta, molekul tiosemikarbazida (NH,~NH-C(=S)NH,) je
interesantan jer ima ralativno veliki broj donornih N—H grupa, u odnosu na malu povr§inu
molekula, sa kojima moze da ucestvuje u gradenju vodoni¢nih veza. S druge strane,
tiosemikarbazidi sadrze i Cetiri mogucéa akceptora vodoni¢nih veza, tri atoma azota kao
konvencionalni akceptori i atom sumpora koji je do skora smatran slabim akceptorom.

U ovom radu, kao nastavak naSeg proucavanja elektronskih karakteristika atoma
sumpora u derivatima tiosemikarbazida, uporedili smo eksperimentalno dobijene rezultate
[1] sa rezultatima dobijenim na osnovu teorijski izra¢unatih strukturnih faktora: za molekul
4-metil-3-tiosemikarbazid (MeTSC) u eksperimentalnoj geometriji, za izolovane
monomere (A i B), model sisteme dimera MeTSC-a, model sisteme MeTSC/MeOH i
aceton/MeOH. Svi teorijski prorac¢uni su uradeni pomoc¢u programa CRYSTALO09 [2],
koriste¢i B3LYP metod i 6-31G** bazis set.

Deformacione mape elektronske gustine, topologija totalne gustine, kao i elektrostaticki
potencijal teorijskih modela molekula MeTSC-a su u skladu sa rezultatima dobijenim
eksperimentalnom analizom [1]. S obzirom da u kristalnom pakovanju MeTSC-a, nezavisni
molekuli A i B, grade medusobno osam D—H...S interakcija (oba molekula iz asimetricne
jedinice grade po 4 interakcije) hteli smo da proverimo kakav uticaj svaka od tih interakcija
ima ponaosob na elektronsku gustinu atoma sumpora. Topolo§kom analizom su za svih
osam dimera nadene kriti¢ne tacke D-H...S veza, a energetskim propacunima je utvrdeno
da se koheziona energija dimera kre¢e od —0,16 kcal/mol do —5,66 kcal/mol .

Za poredenje klasi¢nog akceptora vodonika u vodoni¢nim vezama i atoma sumpora u
tiosemikarbazidima, konstruisali smo teorijske model sisteme MeTSC/MeOH i
aceton/MeOH i uporedili njihove kohezione energije.

[1] B.M. Francuski, S.B. Novakovié¢, G.A. Bogdanovi¢, CrystEngComm, 13 (2011)
3580-3591.

[2] R. Dovesi, V.R. Saunders, R. Roetti, R. Orlando, C.M. Zicovich-Wilson, F. Pascale, B.
Civalleri, K. Doll, N.M. Harrison, I.J. Bush, P. D’Arco, M. Llunell, CRYSTALO09;
University of Torino: Torino, 2009.
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USE OF CRYSTALLOGRAPHIC DATA TO MODEL THE
MOLECULAR STRUCTURES AND FUNCTIONS OF 17p-HSD
OXIDOREDUCTASES

J. Plav§a, M. Nedeljkovic, E. Petri

Department of Biology, Faculty of Sciences, University of Novi Sad, Serbia
e-mail: Jovana.Plavsa@dbe.uns.ac.rs; Edward.Petri@dbe.uns.ac.rs

17B-Hydroxysteroid dehydrogenases (17B-HSDs) are oxidoreductase enzymes which
catalyze (NAD/NADPH-dependent) reduction/oxidation of steroids at C17, regulating the
concentration of the active form of biological hormones via inter-conversion of
ketone/alcohol forms. Because the levels of steroidal hormones, such as androgens and
estrogens, are important in breast cancer, prostate cancer, endometriosis and osteoporosis;
understanding the structural basis of 178-HSD function is essential for designing small
molecule regulators for the treatment of these diseases. Because these enzymes are
evolutionarily conserved, comparative structural analysis of this family of proteins could
improve our understanding of biological processes in a range of species. However, X-ray
crystal structures have been solved for only some 178-HSDs. Here we use high-resolution
X-ray crystallographic data, homology modeling and de novo structure prediction to
analyze the structural basis of human 173-HSD enzymes. We focus on the enzyme pairs
178-HSD1 /17B8-HSD2 which regulate active estrogen levels; and 178-HSD3/173-HSD?2,
which regulate active testosterone levels. We present de novo structural models of
17B-HSD2 and 17b-HSD3, which provide structural information on cofactor preference,
enzyme catalysis and substrate specificity. Molecular models are compared with the X-ray
crystal structure of 178-HSD1 and other oxidoreductases. Molecular docking is used to
study ligand binding and inhibitor specificity. Our results could be potentially useful for
the design of novel 17b-HSD inhibitors.

Ackowledgement. Supported by Ministry of Education, Science and Technological
Development Republic of Serbia (Project ON172021 and ON173014).



XXI KOH®EPEHIIMJA CPIICKOI' KPUCTAJIOI'PAOCKOI IPYIITBA 93

UPOTREBA KRISTALOGRAFSKIH PODATAKA ZA
MODELOVANJE MOLEKULARNIH STRUKTURA I FUNKCIJA
17p-HSD OKSIDOREDUKTAZE

J. Plav§a, M. Nedeljkovic, E. Petri

Departman za biologiju, Prirodno-matematicki Fakultet, Univerzitet u Novom Sadu, Srbija
e-mail: Jovana.Plavsa@dbe.uns.ac.rs; Edward.Petri@dbe.uns.ac.rs

17B-Hidroksisteroid dehidrogenaze (17B-HSDs) su oksidoreduktaze, enzimi koji
kataliSu (NAD/NADPH-zavisnu) redukciju/oksidaciju steroida na atomu C17, i na taj
nacin reguliSu koncentraciju aktivne forme bioloSkih hormona inter-konverzijom keto i
alkoholnih grupa. Obzirom da nivoi steroidnih hormona, kao $to su androgeni i estrogeni,
igraju bitnu ulogu u progresiji raka dojke i prostate, endometriozi i osteoporozi,
razumevanje strukturnih osnova funkcije 17B-HSD je od esencijalne vaznosti za dizajn
malih molekularnih regulatora, terapeutika za navedene bolesti. Zbog toga Sto su ovi
enzimi evoluciono o€uvani, komparativna strukturna analiza familije ovih proteina mogla
bi da upotpuni naSe razumevanje bioloskih procesa u razli¢itim vrstama. Medutim,
kristalne strukture reSene su za svega nekoliko 173-HSD enzima. U ovom radu koristimo
kristalografske podatke visoke rezolucije, homologo modelovanje i de novo predvidanje
strukture da bi analizirali strukturne osnove delovanja humanih 17B-HSD enzima.
Fokusirali smo se na parove 173-HSD1/173-HSD2 koji regulisu nivoe aktivnog estrogena i
17B-HSD3/17B8-HSD2, koji reguliSu nivoe aktivnog testosterona. Ovde prikazujemo de
novo strukturne modele 173-HSD2 i 17B-HSD3, koji obezbeduju strukturne informacije o
kofaktorima, katalizi i specifi¢nosti supstrata. Molekularni modeli uporedeni su sa
kristalnim strukturama 17p3-HSDI1 i drugih oksidoreduktaza. Molekularni doking koriséen
je za proucavanje vezivanja liganda i specifi¢nosti. Nasi rezultati mogli bi biti korisni u
dizajnu novih 17B-HSD inhibitora.

Zahvalnica. Realizaciju rada finansiralo je Ministarstvo prosvete, nauke i tehnoloskog
razvoja Republike Srbije (Projekti ON172021 i ON173014).
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Dr. Ilija Krstanovi¢, professor
(1927 - 2011)
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In November 2011, our professor Ilija Krstanovi¢ died. He spent full 42 years at the
University of Belgrade - Faculty of Mining and Geology and the institutions from which
this faculty was derived. In 1951, immediately after graduation, he began his teaching and
academic career and passed all ranks from teaching assistant to full professor. He laid the
foundations of X-ray crystallography at the Faculty of Natural Sciences and Mathematics at
University of Belgrade. He has taught at several members of University of Belgrade:
Faculty of Chemistry, Faculty of Physics, Faculty of Physical-chemistry and Faculty of
Mining and Geology. It is his credit that the first modern X-ray crystallographic laboratory
was established in Yugoslavia, equipped with the very first automatic single crystal
diffractometer and modern computers. He diligently worked on improving the
crystallography science through scientific research, education of young scientists and
equipment in our Laboratory for X-ray crystallography. He left behind a modern
laboratory, high rank teachers and researchers, and a number of associates who have
continued work on the development of crystallography. He will be remembered as a person
dedicated to his work, with a cheerful spirit, mild manner and tolerant attitude toward
students and colleagues.

Ilija Krstanovi¢ graduated at Group of Mineralogy and Petrography, Faculty of Natural
Sciences and Mathematics, University of Belgrade in 1951. He defended his doctoral thesis
titled ,,X-ray examination of the structure of the minerals from zircon and monazite group”
at the same University in 1961. He was on specialization in the United States at two
universities (Pennsylvania State University from 1959 to 1961 and University of Chicago
from 1965 to 1966). He has published more than 40 articles in international scientific
journals and over 50 papers and communications in national scientific journals. Numerous
results of professor Ilija Krstanovi¢, especially in the study of crystal structures and new
materials, particularly minerals of the serpentine group, attracted significant attention from
the international scientific community. He was the longtime head of the Department of
Crystallography, manager of research projects and sub-projects, the honorary president of
the Serbian Crystallographic Society. He retired in 1993. He has collaborated with a
number of colleagues in the country and abroad.

Members of the Department and the Laboratory of Crystallography
Faculty of Mining and Geology, University of Belgrade
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Dr Ilija Krstanovi¢, profesor
(1927 - 2011)

rg gl
4 ¥

Novembra 2011. godine preminuo je na$§ profesor Ilija Krstanovi¢. Pune 42 godine
proveo je na Beogradskom univerzitetu - na Rudarsko-geoloskom fakultetu i na
institucijama iz kojih je ovaj fakultet proistekao. Od 1951. godine, kada je odmah po
diplomiranju zapoceo svoju nastavnu i akademsku karijeru, prosao je sva zvanja, od
asistenta do redovnog profesora. Postavio je temelje rendgenske kristalografije na
Prirodno-matematickom fakultetu Univerziteta u Beogradu. Predavao je na: Hemijskom,
Fizickom, Fizicko-hemijskom i Rudarsko-geoloskom fakultetu Univerziteta u Beogradu.
Njegovom zaslugom formirana je prva moderna rendgenska laboratorija za kristalografiju u
Jugoslaviji koja je posedovala prvi automatski difraktometar za monokristal i moderne
raunare. Predano je radio na unapredenju kristalografije kroz nauc¢ni rad, razvoj mladih
kadrova i1 opremanje laboratorije za rendgensku kristalografiju. Iza sebe je ostavio
savremenu laboratoriju, nastavnike i istrazivace visokog ranga, kao i brojne saradnike koji
su nastavili rad na razvoju kristalografije. Osta¢e upaméen kao osoba posvecena svom
poslu, vedrog duha, blage naravi i tolerantnog stava prema studentima i kolegama.

Ilija Krstanovi¢ diplomirao je na MinaraloSko-petrografskoj grupi Prirodno-
-matematickog fakulteta u Beogradu 1951. godine. Odbranio je doktorsku tezu pod
naslovom ,,Rendgensko ispitivanje strukture minerala grupe cirkona i monacita” na istom
fakultetu 1961. godine. Bio je na specijalizaciji u Americi na dva univerziteta (1959-1961
Pennsilvania State University i 1965-1966 University of Chichago). Objavio je vise od 40
radova u inostranim naucnim casopisima i preko 50 radova i saopStenja u domacim
Casopisima. Mnogobrojni rezultati profesora Ilije Krstanovica, posebno u proucavanju
struktura kristala i novih materijala, a naroCito minerala iz grupe serpentina, ostali su
zapazeni u medunarodnoj nau¢noj javnosti. Bio je dugogodi$nji Sef Katedre za
kristalografiju, rukovodilac viSe nau¢nih projekata i potprojekata, pocasni predsednik
Srpskog kristalografskog drustva. Penzionisan je 1993. godine. Saradivao je sa brojnim
kolegama u zemlji i inostranstvu.

Clanovi Katedre i Laboratorije za kristalografiju
Rudarsko-geoloskog fakulteta Univerziteta u Beogradu
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Dr. Radovan Dimitrijevi¢, professor
(1947 - 2010)

On July 7™, 2010 our colleague, teacher and friend Radovan Z. Dimitrijevi¢ suddenly
passed away. During a long and fruitful career he has left an indelible mark on the
Department of Crystallography, Faculty of Mining and Geology, University of Belgrade.
He was committed to students and dedicated to his work and the profession. He worked
enthusiastically and diligently on the development of Laboratory for Crystallography and
education of young scientists. He has cooperated with a number of colleagues at home and
abroad. He will be remembered as an honest and hard-working man.

Radovan Dimitrijevié was born on May 31%, 1947 in Belgrade, where he finished
elementary school, high school and graduated. In the class of 1966 he enrolled at the
Faculty of Mining and Geology, University of Belgrade. He graduated in 1971 at the
Department of Mineralogy and Crystallography of the same Faculty, where in 1973 he was
appointed as teaching assistant to the subject Crystallography. He defended the master
thesis titled ,,Structure of the sorption complexes on the aluminosilicate network of the
synthetic zeolite A” in 1978 at the same University. During 1979 he spent a month at the
ETH, Zurich, Switzerland. He defended the PhD thesis titled ,,Crystal structure of nitrate
inclusion complexes in zeolite A and ion exchange mechanism in cationic positions” in
1985 at the Faculty of Mining and Geology, University of Belgrade, thus was awarded the
title of doctor of geological science in the field of crystallography. In the same year he was
elected as assistant professor for the subject Crystallography at the Institute for Mineralogy,
Crystallography, Petrology and Geochemistry, Faculty of Mining and Geology, University
of Belgrade. For associate professor of Crystallography he was elected in 1995. He also
participated in the formation of a number of scientists from various fields of science that
are directly or indirectly related to crystallography. He has published more than 75
scientific papers in peer reviewed international journals and 50 papers and communications
in domestic journals. He participated in the drafting of a dozen research projects for
Ministry of Science and Technology of the Republic of Serbia, as well as 14 studies. He
was a member of the Serbian Geological Society, Serbian Crystallographic Society and
Serbian Physico-chemical Society.

Members of the Department and the Laboratory of Crystallography
Faculty of Mining and Geology, University of Belgrade
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Dr Radovan Dimitrijevié, profesor
(1947 - 2010)

Dana 7. jula 2010. godine iznenada je preminuo nas$ kolega, profesor i prijatelj Radovan
Z. Dimitrijevi¢. Tokom duge i plodonosne karijere ostavio je neizbrisiv trag na Katedri za
kristalografiju Rudarsko-geoloskog fakulteta Univerziteta u Beogradu. Predan i posvecen
svom poslu i pozivu pozrtvovano je radio na razvoju Laboratorije za kristalorafiju i
obrazovanju mladih kadrova. Saradivao je sa brojnim kolegama u zemlji i inostranstvu.
Ostace upaméen kao Castan i vredan ¢ovek.

Radovan Dimitrijevi¢ roden je 31. maja 1947. godine u Beogradu, gde je zavrsio
osnovnu $kolu, gimnaziju i maturirao. Skolske 1966/67. godine upisao je Rudarsko-
-geoloski fakultet Univerziteta u Beogradu. Diplomirao je 1971. godine na Rudarsko-
-geoloskom fakultetu na Smeru za mineralogiju i kristalografiju, gde je 1973. godine
izabran za asistenta za predmet Kristalografija. Magistarsku tezu pod naslovom ,,Strukture
sorpcionih kompleksa na alumosilikatnoj mrezi sintetickog zeolita A” odbranio je 1978.
godine na istom fakultetu. Tokom 1979. godine proveo je mesec dana na studijskom
boravku na ETH u Cirihu, Svajcarska. Doktorsku tezu pod naslovom ,,Kristalne strukture
nitratnih inkluzionih kompleksa A zeolita i mehanizam izmene jona u katjonskim
pozicijama” odbranio je 1985. godine na Rudarsko-geoloskom fakultetu Univerziteta u
Beogradu, ¢ime je stekao naziv doktora geoloskih nauka u naucnoj oblasti kristalografije.
Iste godine izabran je za docenta za predmet pod istim nazivom na Institutu za
Mineralogiju, kristalografiju, petrologiju i geohemiju Rudarsko-geoloskog fakulteta. Za
vanrednog profesora za predmet Kristalografija izabran je 1995. godine. Ucestvovao je u
formiranju veceg broja naucnika iz razliCith naucnih oblasti koje su u direktnoj ili
indirektnoj vezi sa kristalografijom. Objavio je vise od 75 nauénih radova i 50 radova i
saopStenja u domacéim Casopisima i zbornicima. UCestvovao je u izradi desetak nauc¢nih
projekata Ministarstva nauke i tehnologije Republike Srbije i 14 studija. Bio je c¢lan
Srpskog geoloskog drustva, Srpskog kristalografskog drustva i Srpskog fizi¢ko-hemijskog
drustva.

Clanovi Katedre i Laboratorije za kristalografiju
Rudarsko-geoloskog fakulteta Univerziteta u Beogradu
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