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RELATIONSHIP BETWEEN STRUCTURAL AND OTHER
PHYSICAL PROPERTIES IN MAGNETIC BIXBYITES

B. Antic, M. Mitric, D. Rodic

Institute of Nuciear Sciences “Vinca”, P. O. Box 522, 11001 Belgrade, Yugoslavia;
bantic@rt270.vin.bg. ac.yu

Binary and mixed magnetic oxides are important from scientific point of view and for
applications. Some of their important characteristics are large Faraday rotation, big
magnetoresistance, magnetic phase transitions, clusterization of magnetic ions. Interaction
between electronic and magnetic subsystem is the basic mechanism at which their
application is based [1]. In this paper we report the results of investigation of structural
properties as well as the connection of structural and other physical properties of magnetic
semiconductors, diluted magnetic semiconductors and magnetic insulators which are mixed
rare earth oxides and crystallize in bixbyite structure type.

1. THE CRYSTAL STRUCTURE OF MIXED BIXBYITES

The mixed oxides Y,,RE,O5 and Lu,,Gd,O3 (RE = rare earth) are obtained by sintering or
by coprecipitation. X-ray diffraction confirms that samples are single phase and crystallize
in bixbyite structure (C-type) [2-10].

In the C-structure type in the space group Ia3 cations occupy two noneqvivalent special
positions 8b (with local symmetry C,) and 24d (local symmetry Cs;). The oxygen ions are in
general 48e positions. The crystal structure is of layered type: the layers built from
polyhedra around 24d positions follow the layers built from polyhedra around 8b and 24d
positions [4].

2. DISTRIBUTION OF MAGNETIC IONS IN MIXED BIXBYITES

In order to characterize the magnetic ion distribution over cationic positions 8b and 24d
(crystallographic distribution) in mixed bixbyites Y, ,RE,O; and Lu,.,Gd,O5 the coefficient
of distribution is introduced:

N N
K=NYebNRE2sd ()
Ny 224 NREsb

where N denotes occupancy. The distribution is random if K=1 and preferent if K
significantly deviates from 1. The magnetic ion can fill only one position and then the K
value becomes zero or infinity.

In the frame of single cationic-positions distribution of magnetic ions can be homogenous or
magnetic ions can form clusters. If the concentration of magnetic ions, in mixed oxides, is
smaller than percolation limit the isolated clusters of magnetic ions can be formed.



The crystallographic distribution in mixed bixbyites Y, RE,O; and Lu,,Gd,O; has been
investigated from x-ray and neutron diffraction and magnetic measurements. The X-ray and
neutron diffraction data have been used in the refinements of crystal structure by Rietveld’s
method. The occupancies of positions have been coupled and varied by one parameter. The
rare earth ion occupancies of 8b positions in Y, ,RE,O; are shown at Fig.1. Full line
represents values for ideal random distribution. Values for Y, ,RE,O; (RE=Eu, Dy, Ho, Er)
show that there are no significant deviation from random distribution. In Y,.,Gd,0; Gd**
ions, for concentration x<0.41 exclusively fill 24d positions and, for bigger concentrations,
preferentially 24d positions [4].
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Fig. 1. The magnetic ion occupancies of 8b sites in Y, RE,O;. The line
represents theoretical values for random distribution.

Crystallographic distribution has also been determined following change of mole
susceptibility of RE** jon with change of concentration, at some temperature, in the samples
Y,..REO;. The local symmetries of 8b and 24d positions are C, and Cj;, respectively, the
crystal field influence at magnetic ions is different and hence the susceptibilities of magnetic
ions in two crystallographic positions are different. If an increase of susceptibilities are seen
for lower concentrations distribution is preferent. Type of distribution, obtained from
crystallographic measurements, is confirmed from magnetic measurements. The
measurements of magnetic susceptibility have been used for determination of
crystallographic distribution in samples with low concentrations where X-ray diffraction is
not enough sensitive.

In mixed oxide Lu, ,Gd,Os crystallographic distribution could not be investigated from X-
ray diffraction due to similar scattering factors of Lu** and Gd** ions. It has been concluded,



on the basis of magnetic measurements, that Gd** ions occupy both positions, 8b and 24d.
The results of low temperature susceptibility point that in the samples with x<0.40 the
preferent distribution of magnetic ions takes place [3].

Clusterization of magnetic ions in the samples Lu, ,Gd,O; has been investigated applying
isolated cluster model in the approximation of the nearest neighbors. The random cluster
distribution has been found for the sample x=0.06 and the modified distribution for the
sample x=0.10 [3].

The clusterization of magnetic ions has been also shown, in some samples of Y, ,RE,Os, by
comparing the values of Curie-Weiss temperatures 6(x). Nonlinear dependencies 6(x) point
to the preferent crystallographic distribution or/and to the clusterization of magnetic ions.
Parameter of clusterization 7 as a measure of clusterization can be defined:

'
b L (2)

=g

where 6.y, is experimental value and 6. denotes calculated value for random distribution on
the basis of GRE,0;). A maximum at 1(x) for mixed bixibyites is expected at lower
concentration because at very low and high concentration clusterization does not takes place
and n=0 [2].

As possible factors which influence at crystallographic distribution in mixed rare earth
oxides with bixibyite structure we consider: difference of ionic radii, technology of sample
preparation and firing temperature.

According to the difference between ionic radii in mixed oxides, distribution is preferent if
8r>0.032A and random if or<0.012A, with exception of Y,,Sm,0; [2]. Y>..Sm,O; samples
have been investigated only by x-ray diffraction and existence of preferent distribution in
the low concentrated samples is not excluded.

The crystallographic distribution in Y2xEu,0s is random, what is shown from diffraction
measurements and mole susceptibility measurement. The results have been compared with
Grill and Schieber results (preferent distribution) [11] and Kern and Kostelecky results
(random distribution) [12]. In our paper as well as in the Kern and Kostelecky paper the
samples are prepared by coprecipitation of hydroxides. Coprecipitation method allows more
successful replacement of cations than ceramic method. In ceramic method, probably, at
first (and easier) realizes replacement in the position of lower symmetry (24d); in that way
the method of sample preparation affects crystallographic distribution in bixibyites [7].
Influence of firing temperature has been followed in samples Y, ,Eu,Os. It has been shown
that different temperature history does not lead to the difference in crystallographic
distribution [7].

3. GEOMETRY OF CRYSTAL STRUCTURE, CRYSTAL FIELD INFLUENCE ON RE**
IONS AND SUPEREXCHANGE INTERACTIONS

Intending to find change of crystal field with change of magnetic ion concentration and
crystal field influence at rare earth ions the first coordination around magnetic ions has been
investigated. The knowledge of second coordination is important in the analysis of
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superexchange interactions. It has been found that bonds important for superexchange are
cation (8b)-anion-cation (24d) and cation (24d)-anion-cation (24d) [2-10].

4. CONCLUSION

Crystallographic distribution is a structural characteristic but magnetic, electrical and other
physical properties depend of it. Taking this, the values of magnetic quantities have been
used to obtain data on crystallographic distribution. Further more, crystallographic
distribution more affects magnetic than crystallographic properties. In such cases where X-
ray diffraction were insensitive to crystallographic distribution, values of magnetic
parameters enable us to make appropriate conclusions. Also, the knowledge of geometry of
crystal lattice is significant for analysis of exchange interactions.

Knowing factors which determine cationic distribution and connection between cationic
distribution, geometry of crystal lattice and physical properties, it is possible to anticipate
some properties of samples, what is important for their application.

[1] J. Kossut, W. Dobrowolski, in: Handbook of Magnetic Materials, ed. K. H. J. Buschow,
Vol. 7 (Nort-Holland, Amsterdam, 1993).

[2] B. Antic, Doktorska disertacija, Fizi¢ki fakultet, Beograd, 1997.

[3] B. Antic, M. Mitric, D. Rodic, Y. Zhong, Y. Artemov, S. Bogdanovich, J. R. Friedman,
Phys. Rev B. 58 (6) (1998).

[4] M. Mitric, P. Onnerud, D. Rodic, R. Tellgren, M. Lj. Napijalo, J. Phys. Chem. Sol., 54
(1993), 967-972.

[51 D. Rodic, B. Antic, M. Mitric, J. Magn. Magn. Mat., 140-144 (1995), 1181-1182.

[6] B. Antic, M. Mitric, D. Rodic, J. Magn. Magn. Mat., 145 (1995), 349-356.

[7] B. Antic, M. Mitric, D.Rodic, J. Phys.: Condens. Matter 9 (1997), 365-374.

[8] M. Mitric, B. Antic, M. Balanda, D. Rodic, M. L. Napijalo, J. Phys.: Condens. Matter
9(1997),4103-4111.

[9] B. Antic, P. Onnerud, D. Rodic, R.Tellgren, Powder Diffraction 8(4) (1993), 216-220.
[10] M. Mitric, A. Kremenovic, R. Dimitrijevic, D. Rodic, Sol. St. Ion., 101-103 (1997),
495-501.

[11] A. Grill, M. Schieber, Phys. Rev., B1 (1970), 2241.

[12] S. Kern, R. Kostelecky, J. Appl. Phys., 42 (1971), 1773-1775.



BE3A CTPYKTYPHUX U APYI'UX ®PU3UNYKHX OCOBHHA Y
MATHETHUM BUKCBUTHUMA

b. Anutuh, M. Murpuh n JI. Poanh

Hncimuimyi 3a nykneapre nayke “Bunua”, i. @. 522, 11001 beozpao;
bantic@ rt270.vin. bg.ac.yu

IIpoCTH ¥ MEIIOBATH MarHETHH OKCHJIU CY OJl H3y3eTHOI HAYYHOT M aIUIMKaTHBHOI 3HaJaja.
Benuka Faraday-eBa poramuja, BeJIMKa MarHETO-OTIOPHOCT, MarHeTHH (pa3uu npenasu,
KJIacTepH3aliija MarHETHUX JOHa, Cy CaMO HEKe O] 3HauajHMX KapaKTEpPUCTHUKA MEIMIOBHTHX
MardeTHUX OKcuja. VIHTepakiuja eJeKTPOHCKOI M MArHeTHOI IIOJICHCTEMa j¢ OCHOBHH
MeXaHM3aM Ha KoMme je 0OasupaHa HuXoBa IpuMeHa [1]. YV oBoM pally cy IpHKa3aHH
pe3yJITaTH UCTPOKUBAIba CTPYKTYPHHX OCOOMHA Kao M NOBE3aHOCT CTPYKTYPHHUX M JPYIHX
¢usMukuX ~ ocoOMHA ~ MarHeTHHX  IIOJYIPOBOJHMKA,  pa3ONaKeHHX  MarHeTHHX
HONYIPOBOJIHAKA X MarHeTHUX M30JaTOpa, KOJH Cy II0 cacTaBy MELIOBHTH OKCHIHM PETKHX
3eMajba M KPUCTAJIMINY Y CTPYKTYpH OukcOuTa.

1. KPUCTAJIHA CTPYKTVYPA MEILIOBUTHX BUKCBUTA

MermoButa okcuau Yo xRExO; u Lu,.xGdxO; (RE=peTka 3eMiba) J0OUjeHH CYy y MOCTYIKY
CHHTEpOBaIba MM TAIOKHAM MeTOJOM. JIndpakiMjoM peHIreHCKHX 3paKa IO0Ka3aHo je J1a
cy y30piu jeaHo(asHu U [a KpUCTAINNIY y CTpyKTypH oukcbura (C-tum) [2-10].

V mpocropHoj rpynu Ia3 xy6udHor cuctema u C-THITy CTPYKTYpE, KaTjoOHH 3ay3HMajy JBa
HeeKBHMBAJIEHTHA CIelMjaiHa Tojoxaja 8b (okanna cumerpuja Ciy) u 24d (oxanna
cumerpuja C,). Jonn kuceonuka cy y omuruM 48e nonoxajuma. Kpucraina crpykrypa je
CII0jeBUTA; HAM3MEHIIHO CE CMeIbyjy CilojeBu n3rpahenn oj1 monmeapa oko 24d momoxaja
ca oHMM M3rpahenum on noinenapa oko 8b n 24d monoxaja [4].

2. PACTIOJIEJIA MATHETHHX JOHA YV MEIIIOBUTHUM BUKCBUTHMA

Jla 6u ce okapakTepHcala pacrojielia MarHeTHHX jOHa IO KaTjOHCKMM HojoXajuma 8b u
24d (xpucranorpadcka pacrojiena) y MemoBUTHM OukcouTuMa Y, xRExO3 n Luy.xGdxOs
yBeJIeH je KoeHIMjeHT paciojene Jeduuncan ca:

K= Nvgb NrE2ad . (1)

Ny 244 NrEsb

rae cy ca N o3HadeHe BpeMHOCTH HaceJheHOCTH Ionokaja. Pacrosiena je ciryyajHa ako je
K=1, a npedepenraa yxoinko K 3Hadajuo oznctyma oj 1. MarHeTHH jOHH MOTYy 3ay3eTH
caMo jeJlaH MoJI0%aj i TajJa K nMa BpeHOCT HyJa HIIH TeXH OECKOHAYHOCTH.
MarneTHu joHH y OKBHPY IOje/IMHUX KaTjOHCKHX IIOJIOKaja MOIY Jila Ce€ XOMOICHO
pacriopejie WIM TPYIHILy y KiacTepe. YKOIMKO je KOHIEHTpalluja MarHeTHOr joHa (X) y
MEIIOBUTOM OKCHJIy Maja J0Na3H JIo (OpMUparsa H30JI0BaHUX KIacTepa MarHETHHX jOHa.
Kpucranorpadcka pacrnozena y MmemosutuM Oukconruma Y, xRExOs; u Lu, xGdxOs je
HCTpakMBaHa U3 JU(ppakKiije PeHIreHCKHX 3paka M HEyTPOHAa M M3 MAarHCTHHX Mepema.
Ionanu n3 audpakiuje peHIreHCKHX 3paka ¥ HeyTpoHa Cy KOpHMIINEHH Y IOCTYIKY
CTpYKTypHOT yTaumbaBama Rietveld-oBum MerozoM. Hacesbenoctu nonoxaja (N) cy 6uie



KYIUIOBaHE M BapHpaHe je/[HAM napameTpoM. HacesbeHOCTH 3a joHe peTKHX 3eMasba y 8b
nonoxajuma y Y, xRExOs cy npukasane Ha e 1, [2]. Jlunnjom Cy O3Ha4eHe BPETHOCTH
3a MIealHy ciydajHy pactopeny. Bpemnocru 3a Eu-, Dy-, Ho- u Er- MemoBuTH OKCH/T
yKas3yjy Jia HeMa 3Ha4ajHOT OJCTyIarba Ol CTydajHe pacrojeie. Y Y, xGdx0; Gd** joun 3a
KoHnentpamuje x<0,41 nonymapajy uckbyunso 24d monoxaje, a 3a ehe KOHIIEHTpaIuje
npedepenTHO monymwasajy 24d monoxaje [4].
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Cimka 1. Hacesmenocr 8b mosokaja marmeTnuM joHmma y Y. xRExO;.
JlnHuja mpeicTaB/ba TeOpHjcKe BPEIHOCTH 32 CiydajHy pacnoje.ny.

HApyrs HaumH onpebusama Kpucraiorpadeke pacnofere 6uo je mpaherbe IIpOMEHe
cycuenTuGmIHocTH o Mony joma RE* ca IIPOMEHOM KOHIEHTpanuje X (Ha ojpeheHoj
TemuepatypH) y ysopuuma Y, xRExO; {2-10]. Jlokaise cumerpuje monoxaja 8b u 24d cy
Csi u C,, peclIeKTHBHO, I je yTHI[j KPUCTAIHOT 10Jba Ha MarneTHe RE>* JOHE pa3JInyMur,
TakKo J1a Cy M CyCHENTHOWIHOCTH KaTjOHCKHMX MON0XKaja pa3iHduTe. AKO Ce yoyaBa IOpacT
BPEJIHOCTH CYCUENTHOMIHOCTA 32 HIDKE KOHIEHTpallMje X paclojiena je mpedepeHTHa.
TunoBu pacnoniena 106MjeHN 13 KpUCTANOrpad)cKUX Meperba Ha OBaj HA4UH Cy IOTBpheHn
M3 MarHeTHUX Mepema. MepemeM IOMeHyTe MarHeTHe KapaKTepHCTHKE NPOCTHX U
MEIIOBUTHX MarHeTHHX OKCHJa ojpehHBana je KpucTamorpadeka paciojena y y3opauma
HUCKHMX KOHIEHTpanMja rae nudpakimja peHAreHCKMX 3paka HHje OMIa JOBOJBHO
OCETJhHUBA.

Y memosuroM okcuny Lu,xGdxO; kpucranorpadcka pacrogena HHje Morja. OuTH
HCTpaXMBaHa U3 MO/laTaka Mu(paKimje peHareHCKUX 3paka 360r GIMCKUX BPEIHOCTH MOhH
pacejama jona Lu** u Gd**. Ha OCHOBY MarHeTHHX Meperba 3aK/bydeHo je pa jomn Gd**
3ay3uMajy oba nosoxaja, 8b u 24d. Pesynraru 3a HUCKOTEMIIEPATYPCKY CYCIENTUOMIHOCT
yKasyjy ia'y yzopruma ca x<0,40 nonasu 710 npedepeHTHE pacio/ieliec MArHETHHX jona [3].



Kiracrepusanuja MarHeTHHX joHa je MCTpaxkuBaHa y ysopumuMma Lu, xGdxO; mpumenom
MOJIeJIa M30JI0BaHMX KiacTepa y alpoOKCHMaIuju Hajoumkux cycena. Habhena je ciyuajna
KJIacTepcKa pacmojiena 3a yzopak x=0,06 u moxuduxopana 3a yzopax x=0,10 [3].
Knacrepusanuja MarHeTHHX joHa je, Takohe, €KCIEpDHMEHTAIHO IIOKa3aHa y HEKHM
ysopuuma Y, xRExO; Ha ocHOBy Bpensoctum Curie-Weiss-oBUX TeMmieparypa, 6(x).
Henuneapaoctu y 6(x) ykasyjy Ha npedepeHTHY KpHcTanorpad)cKy pacrofely HIH/U Ha
KIacTepu3annjy MarHeTHux jona [2]. Kao Mepa KiacTepusalije MOXe Ce YBECTH
napameTap KiacTepusaiuje 7] JeduHucan ca:
_G_M , (2)

6 cal
rze je 6,,, eKCIepuMeHTalHa BPEeIHOCT a 6, W3padyHaTa BPEAHOCT Ha OCHOBY 6(RE,05)
[2]. ¥V 3aBHCHOCTH 7)(X) 32 MeIIOBHTe GHKCOUTE OYEKyje Ce MAKCHMYM HAa HEKHM HIDKHM
KOHIIEHTpalldjaMa, jep Ha BpJIO HHUCKAM M BHCOKMM KOHIICHTpallMjamMa He JOJa3d J0
kiactepusanyje u =0 [2].
Kao moryhu ¢akropu Koju yTHYy Ha KpucTajorpadcky pacHoielny y MEIIOBHTHM
OKCHJIUMa pETKHX 3eMalba Ca CTPYKTypoM OMKCOHMTa pa3Marpajy ce: pa3iiMKa KaTjoHCKHX
paaujyca, METOJI IPUIIpeMe y30paka, TeMIepaType JKaperma.
V3umajyhn y o03up pasiMKy pajujyca MarHeTHOT M JHjaMarHeTHOI KaTjoHa (Or) y
MEIOBUTUM OuKkcOMTHMa HaheHO je na je pacnopena mnpedepeHTHa y y3opluMma ca
8r>0,032A, a cinyuajma y ysopumma ca 0r<0,012A, ca msyserkom Y,.xSmyOs. Vzopuu
Y,.xSmyxO; MCIMTHBaHM Cy CaMO MeTOJOM JMppakiuje pPeHAreHCKHX 3paka Ila ce He
HCKJbYUYje HOCTOjame MpedepeHTHe pacmojelie Y y30pluMa HHCKHMX KOHIEHTpamHja (X)
e Judpakiuja Huje JOBOJFHO OCETIBUBA.
Kpucranorpadcka pacmogena y Y, xEuxOs; je ciydajHa, IUTO je MOKa3aHO U3
IMGPAKIMOHUX Mepemha M Ha OCHOBY BpEIHOCTH CYCHENTHOMIHOCTH IO MOJY jOHA.
Pesynratu cy ynopehusanu ca ommm u3 paga Grill-a n Schieber-a (mpedepentna
pacmonena) [11] u pesynraruma paia Kern-a u Kostelecky-or (ciyuajua pacnonena) [12].
IToMeHyTe pasiuke ce IPHINCY]y YTUIAjy METOJe LpHIpPEME y30paka. Y30pLH y pany
Grill-a u Schieber-a cy no6ujenn kepaMuykoMm TexHonorujom [11]. YV mamem pany u paiuy
- Kern-a m Kosteleck-or [12] y3opuu cy OpHOpeMaHH 3ajelHMIKEM TaJOXEIbEeM
onrosapajyhux xunpokcuna. Tamoxuu MeTo)1 06e30ehyje ycrennujy KaTjoHcKy 3aMeHy OJ
KEpaMUUKOr. Y TOCIE/heM, BEpOBAaTHO, Hajupe ce (M JIaKIle) OCTBapyje 3aMeHa y
ToJIoXKajy HmKe cuMerTpuje (24d), ma Tako MeToJ IIpUIIpeMe YTHde Ha KpucTalorpadcky
pacmoneny y Oukcouruma [7].
VrTunaj TemIilepaType jKapema Ha KaTjoHCKY pacliofielly je IocMmarpan Ha y30opIuma
Y, xEuxOs. IToka3zyje ce aa pa3IuyuTu TeMIepaTypCKU TPETMaHM IpPHU NPHUIIPEMH y30paKa
He JOBOJIE JI0 pasjuke y Kpucranorpadckoj pacmojenu [7].

n:

3. TEOMETPUJA KPUCTAJIHE CTPVKTVYPE, YTULIAT KPUCTAJHOI IIOJbA HA
RE* JOHE U CYITEPU3MEHCKE UHTEPAKIIAJE

HcrpaxuBaHa je pBa KOOpAMHAIMOHA chepa OKO MAarHETHHX jOHA Y CTPYKTypH OukcOuTa
ca HaMepoM Jia Ce YTBpAM NpOMEHa KPUCTAIHOT T0Jka ca MPOMEHOM KOHIEHTpaIHje
MarHETHOT jOHAa W YTHIA] KPUCTAJIHOT IoJba Ha jOHE PETKHX 3eMasba. Ilo3HaBame apyre
xoopmuHanMone cdepe je o]l MHTepeca y aHaM3M CYNepU3MEeHCKHX nuTepaknuja. Haheno



je ha cy 3a cynmepu3MeHy 3Hadajue KatTjo (8b)-amjon-katjon (24d) u xatjon (24d)-anjon-
KaTjoH (24d) Bese [2-10].

4. 3AKJbYUAK

Kpucranorpadceka pacnosena je cTpykTypHa KapakTepUCTUKA ali O] Ibe 3aBHCE MarHeTHe,
eNIeKTpUYHE U Jpyre pusuuke ocobune matepujaia. Mmajyhu oBo y Buiy, kopuimhene cy
BpEJIHOCTH MarHeTHHX Ilapamerapa Ja OM ce JONUIO JIO HoJaTaka O KpUcTalorpadckoj
pacnofenn. [1lta Buie, kpucragorpagcka pacosieia MarHeTHIX KaTjoHa 3HaYajHHje yTUde
Ha MarHeTHE HEro Ha CTPYKTypHe KapakrepucTuke. Tamo rje judpakiuja peHareHcKux
3paka Huje OMIa J0BOJGHO OCET/bHBA Ha KpHCTalOrpadcky paciofiely, BPeXHOCTH
MarHeTHHX Iapamerapa omoryhmie cy mssoheme onrosapajyhmx sawbydaxa. Takohe,
[03HABAE TEOMETPHje KpPHCTaIHE peIIeTKe 3HAYajHO je 3a aHalu3y MarHeTHHX
HHTepaKIyja.

* 3uajyhu daxrope Koju JeTepMHHHUIIY KaTjOHCKY pacIojielly M Ha KOju HauMH Heke (hU3MUKe
OCOOMHE 3aBHCE O] e Kao M O T€OMETPHje KDUCTAIHE PElIeTKe, MOy Ce yHaIped
IpE/IBUIETH HEKE OCOOMHE y30paka, IITO je 3HayajHO 32 IbUXOBY IPHUMEHY.
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SYNTHESIS AND CRYSTAL STRUCTURE OF THE
(R3PzH),[Hg(SCN)4], (R3sPzH = MONOCATION OF THE 3(5)-
AMINO-4-ACETYL-5(3)-METHYLPYRAZOLE)

Z. K. Jaéimovié ?, G. A. Bogdanovié "¢, A. Spasojevi¢-de Biré ¢,
E.Z. Iveges %, V.M. Leovac ¢

“ Faculty of Metallurgy and Technology, University of Montenegro, 81000 Podgorica,
Yugoslavia; "Vinca Institute of Nuclear Sciences, 11001 Belgrade, Yugoslavia; ‘PCM,
Ecole Centrale Paris, 92295 Chétenay-Malabry Cedex, France; “Institute of Chemistry,
Faculty of Sciences, University of Novi Sad, 21000 Novi Sad, Yugoslavia; ..
goranb@rt270.vin.bg.ac.yu

The complex was obtained by the reaction of the aqueous acid solution of the mercury(Il)
rodanide and amonium rodanide with alchocolic solution of the 3(5)-amino-4-acetyl-5(3)-
methylpyrazole.

Crystallographic data: C;¢H;0,N;oS;Hg, monoclinic, space group Cc, a=10.055(3) A,
b=10.379(3) A, ¢=24.442(2) A, $=92.50(3)°, V=2548 A’ N,=3785, UW(MoKoar)=6.402
mm', Z=4, Dc=1.852 g/cm’, F(000)=1374.  _

Intesities had been corrected for absorption using numerical absorption correction method.
The crystal structure was solved by Patterson and difference Fourier methods and refined
using 2166 reflections leading to R=4.02% and R,,=5.72% for 298 parameters.

Asymmetric unit consist of Hg(SCN),* anion, with Hg coordinated by four tiocianato
ligands in a distorted tetrahedral arangement, and two crystallographicaly indenpendent
R;PzH* cations.

C2b

O2b

Céb
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SINTEZA 1 KRISTALNA STRUKTURA KOMPLEKSA
(R3PzH),[Hg(SCN),], (RsPzZH=MONOKATJON 3(5)-AMINO-4-
ACETIL-5(3)-METILPIRAZOLA)

Z.K. Jaéimovi¢®, G. A. Bogdanovi¢ ", A. Spasojevié-de Biré ¢,
E. Z. Iveges %, V. M. Leovac ¢

“ Metalursko-tehnoloski fakultet, 81000 Podgorica, Jugoslavija; " Institut za nuklearne
nauke “Vinca”, 11001 Beograd, Jugoslavija;  PCM, Ecole Centrale Paris, 92295
Chatenay-Malabry Cedex, France; * Institut za hemiju, Prirodno matematicki fakultet,
Univerzitet u Novom Sadu, 21000 Novi Sad, Jugoslavija; goranb@rt270.vin.bg.ac.yu

Naslovljeni kompleks je dobiven reakcijom prethodno zakiseljenog vodenog rastvora
ziva(Il)-rodanida i amonijum-rodanida sa alkoholnim rastvorom 3(5)-amino-4-acetil-5(3)-
metilpirazola.

Kristalografski podaci: C,sH;60,NoS;Hg, monoklini¢ni, prostorna grupa Cc, a=10,055(3)
A, b=10,379(3) A, c=24,442(2) A, B= 92,50(3)°, V=2548 A>, N,=3785, u(MoKa)=6,402
mm’', Z=4, Dc=1,852 g/cm®, F(000)=1374.

IzvrSena je numeritka korekcija za apsorpciju. Kristalna struktura je odredena primenom
Patersonove metode i diferentne Furijeove sinteze, i utatnjena uz koriéenje 2166 refleksija
do R=4,02% i R,=5,72% za 298 parametara.

Asimetri¢na jedinica sadrzi anjon Hg(SCN),*, u kome je ziva koordinovana sa 4
tiocijanatna liganda koji obrazuju deformisani tetraedar, i dva kristalografski nezavisna
R;PzH" katjona.
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SYNTHESIS AND CRYSTAL STRUCTURE OF [CuCl,L]
COMPLEX (L= 3,5-DIMETHILPYRAZOLE -1- CARBOXYAMIDIN)

S. Novakovi¢ %, Z. D. Tomi¢ *, G. A. Bogdanovi¢ *, Z. K. Jaéimovié b
V.M. Leovac ¢

“ Institute of Nuclear Sciences "Vinca", 11001 Belgrade, Yugoslavia; " Faculty of
Metallurgy and Technology, University of Montenegro, 81000 Podgorica, Yugoslavia;
¢ Institute of Chemistry, Faculty of Sciences, University of Novi Sad, 21000 Novi Sad,
Yugoslavia;e-mail: zorant@rt270.vin.bg.ac.yu

By the reaction of warm ethanolic solutions of CuCl, and 3,5-dimethylpyrazo-I-
carboxyamidinnitrate (L-HNOs3 ) (molar ratio 1:2) the complex [CuCl,L] was obtained.
Crystallographic data: monoclinic, space group P2/c, a=7.316(2) A, b=16.002(2) A,
c=9.202(7) A ,B =113.15(2)°, V= 990.54(8) A®, Z=4, Dc=1.49 g/em® , p(MoKoy)= 2.42
mm’!

Intesities were collected on a CAD-4 diffractometer using an ®-26 scaning technique. The
crystal structure was solved by Patterson and difference Fourier methods. Full-matrix least-
squares refinement with 1147 (I>36(I)) unique reflections yielded R=5.63% and R,,=6.57%.
The Cu(II) ion is coordinated by the two nitrogen from organic ligand and two chlorine in a
distorted tetrahedral arrangement. The crystal structure is stabilized by the hydrogen bonds
betwen nitrogen and chlorine ligands, and normal Van der Waals contacts.
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SINTEZA I KRISTALNA STRUKTURA KOMPLEKSA CuCl, SA 3,5-
DIMETILPIRAZOL -1- KARBOKSAMIDINOM

S. Novakovi¢ *, Z. D. Tomié *, G. A. Bogdanovi¢ *, Z. K. Jaéimovié °,
V.M. Leovac ¢

“ Institut za nuklearne nauke “Vinca”, 11001 Beograd, Jugoslavija; b Metalursko-
tehnoloski fakultet, 81000 Podgorica, Jugoslavija; © Institut za hemiju, Prirodno
matematicki fakultet, Univerzitet u Novom Sadu, 21000 Novi Sad, Jugoslavija,
e-mail: zorant@rt270.vin.bg.ac.yu

Reakcijom toplih etanolnih rastvora CuCl, i 3,5-dimetilpirazol-1-karboksamidinnitrata
(L-HNO;) u molskom odnosu 1:2 dobijen je kompleks sastava [CuCl,L].

Kristalografski podaci: monoklini&ni, prostorna grupa P2,/c, a=7,316(2) A, b=16,002(2) A,
c= 91,202(7) A, B =113,15(2)°, V= 990,54(8) A%, Z=4, Dc = 1,49 g/em’, w(MoKoy) = 2,42
mm’ .

Inteziteti su izmereni na CAD-4 difraktometru kori¥¢enjem ®-26 tehnike skaniranja.
Kristalna struktura je odredena primenom Patersonove metode i diferentne Furijeove
sinteze, i utadnjena primenom metode pune matrice uz koriS¢enje 1147 (I>30(I))
neekvivalentnih refleksija do R=5,63% i Rw=6,57%.

Centralni jon metala je koordinovan sa dva atoma azota organskog liganda i dva hlora koji
obrazuju deformisani tetraedar. Kristalna struktura je stabilizovana vodoni¢nim vezama
izmedu atoma azota i liganada hlora i normalnim Van der Valsovim silama.
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SYNTHESIS AND CRYSTAL STRUCTURE OF THE
UNSYMMETRIC (u-OXALATO)-[N,N’,N”’,N’”’-TETRAKIS
(2-PYRIDYLMETHYL)]-1,4,8,11-TETRAAZACYCLOTETRA-
DECANEDICOBALT(II) PERCHLORATE TRIHYDRATE

K. Babi¢-Samardzija * S. P. Sovilj *, G. Vuékovi¢ *, N. Matsumoto "

N Faculty of Chemistry, University of Belgrade, P.O. Box 158, 11001 Belgrade, Yugoslavia;
Department of Chemistry, Faculty of Science, Kyushu University 33, Hakozaki, Higashi-
ku, Fukuoka 812, Japan, e-mail: kbabic @chem.bg.ac.yu

A new dinuclear cobalt(I) complex, [Co,(ox)tpmc](ClO4),-3H,0, (tpmec = NNN' N’ N”’-
tetrakis(2-pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane, ox> = oxalate ion), has been
synthesized and its crystal structure solved by X-ray crystallography at room temperature. It
crystallizes in the monoclinic system, space group P2;, with a=9.7858(8) A , b=21 .455(2)
A, ¢=21.241(2) A, B=100.069(8)°, V=4391.0(8) A*, Z=4, R= 0.083, Rw—0.086. The
structure was solved by direct methods and using full-matrix least-squares refinement based
on the observed reflections (I>2.300(1)). The crystal consists of two dinuclear molecules, A
and B, four perchlorate anions, and crystal solvent molecules as a crystallographically
unique unit. The two binuclear molecules, A and B, resemble each other in molecular shape
and dimensions. The cationic molecule is an oxalato bridged dinuclear cobalt(II) complex,
in which the dianionic oxalato group bridges two cobalt(Il) ions unsymmetrically. The
oxalato group functions as a tridentate ligand to form a fivemembered and a fourmembered
chelate rings, respectively, producing a unique bridging mode between Co(1) and Co(2).
Two cobalt ions, Co(l) and Co(2), are bonded by two oxygens O(1) and O(3)
independently, and by the common oxygen atom of the oxalato group, O(2), where the
distances of Co(1)-O(2) = 2.17(2) and Co(2)-O(2) = 2.29(2) A are unequivalent. The last
oxygen of the oxalato ion, O(4), remained uncoordinated.

Both cobalt(IT) atoms, Co(1) and Co(2), are assumed to have a distored haxacoordinated
octahedral coordination geometry with N4O, donor atoms, while the Co(2)-O(2) is

elongated. The oxalato plane is tilted by 10.2° to the mean plane defined by Col, O1, 02,
N4, N5 and that is also tilted by 10.2° to the best plane of Co2, O3, N3, N6. The atoms do

not deviate significantly from the planes. The Co-N (2.06-2.25 A) and Co-O (2.06-2.37 A )
bond distances are substantially longer than those reported for the analogous cobalt(III)
complex [1], supplying another evidence of the oxidation state of Co(II) for this complex.
The data indicate that all fivemembered chelate rings adopt an envelope conformation.

[1]. S. P. Sovilj, G. Vugkovi¢, K. Babi¢, N. Matsumoto, M. Avr;ﬁdv-lvié,
V. M. Jovanovi¢, J.Coord.Chem., 31 (1994), pp. 167-179.
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SINTEZA I KRISTALNA STRUKTURA ASIMETRICNOG
(L-OKSALATO)-[N,N’,N”’,N*”’-TETRAKIS(2-PIRIDILMETIL)] -
1,4,8,11- TETRAAZACIKLOTETRADEKANDIKOBALT(I) -
-PERHLORAT-TRIHIDRATA

K. Babi¢-Samardzija °, S. P. Sovilj *, G. Vué¢kovié *, N. Matsumoto ”

“ Hemijski Fakultet, Univerzitet u Beogradu, P.O. Box 158, 11001 Beograd, Jugoslavija;
k Department of Chemistry, Faculty of Science, Kyushu University 33, Hakozaki,
Higashi-ku, Fukuoka 812, Japan; e-mail: kbabic @chem.bg.ac.yu

Dobijen je novi dinuklearni kobalt(II) kompleks, [Co,(ox)tpmc](ClO,), 3H,0, (tpmc =
N,N’,N’’,N’”’-tetrakis(2-piridilmetil)-1,4,8,1 I-tetraazaciklotetradekan, ox?> = oksalato jon),
1 odredjena je njegova kristalna struktura. Dobijeni kristali pripadaju monoklini¢nom
sistemu, prostorna grupa P2,, sa a=9,7858(8) A, b=21,455(2) A, c¢=21,241(2) A,
B=100,069(8)°, V=4391,0(8) A?, Z=4, R=0,083, R,=0,086. Struktura je redena direktnom
metodom i utanjena metodom najmanjih kvadrata (1>2,300(I)). Dva dinuklearna katjona,
A i B, Cetiri perhloratna anjona i molekuli kristalne vode ¢&ine kristalografski nezavisnu
jedinicu. Katjonski molekul je dinuklearni kobalt(II) kompleks sa oksalato mostom, u kome
dianjon oksalata premosc¢uje nesimetri¢no oba kobaltova jona. Oksalato grupa figurise kao
tridentatni ligand formirajui peto¢lani i etvoro&lani helatni prsten, ¢ineéi tako jedinstveni
nacin mostne koordinacije izmedju Co(1) i Co(2). Dva kobaltova jona, Co(1) i Co(2),
koordinovana su za dva terminalna kiseonikova atoma O(1) i O(3), kao 1 za O(2) iz
okasalato grupe, pa su rastojanja Co(1)-O(2) = 2,17(2) i Co(2)-O(2) = 229(2) A
neekvivalentna. Poslednji kiseonikov atom iz oksalato jona, O(4), ostaje nekoordinovan.
Oba kobaltova atoma, Co(1) i Co(2), su heksakoordinovana sa geometrijom deformisanog
oktaedra i sa N4O, donornim atomima i izduzenom vezom Co(2)-O(2). Oksalato ravan je
nagnuta za 10,2 ° u odnosu na srednju ravan koja je definisana atomima Col, O1, 02, N4,
N5 i za isto toliko nagnuta u odnosu na ravan odredjenu atomima Co2, O3, N3, N6. Atomi
ne odstupaju znacajno od srednjih ravni. Rastojanja Co-N (2,06-2,25 A) i Co-O (2,06-
2,37 A) su duza nego kod ve¢ opisanog kobalt(IlI) kompleksa [1], potvrdjujuéi i
oksidaciono stanje Co(II) u ovom kompleksu. Podaci ukazuju da su svi peto&lani helatni
prstenovi u konformaciji “koverte”.

[1]. S. P. Sovilj, G. Vucgkovi¢, K. Babi¢, N. Matsumoto, M. Avramov-Ivi¢,
V. M. Jovanovié, J.Coord.Chem., 31 (1994), str. 167-179.
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CRYSTAL AND MOLECULAR STRUCTURE OF
bis(S-PROPYLISOTHIOSEMICARBAZONE)-
ACETYLACETONATONICKEL(II) THIOCYANATE

M. Rakodevié %, V. Cefljevi¢ *, V. M. Leovac *, V. Divjakovié¢ %, Lj. Goli¢®

“ Faculty of Sciences, University of Novi Sad, Yugoslavia, "Faculty of Chemistry and
Chemical Technology, University of Ljubljana, Slovenija,
e-mail: divus @unsim.im.ns.ac.yu

Crystals for the X-ray study were obtained by the reaction of warm MeOH solutions of
Ni(OAc),, S-propylisothiosemicarbazidehydrogeniodide and acetylacetone in the presence
of an excess of NH,;NCS. The prismatic crystals are brown.

Structural formula: [Ni(HL)]NCS, bruto formula: (NiC,4H,5N;S3), M,=446.3, monoclinic
P2,/n, a=11.9074(7), b=13.9371(8), c=12.320(1) A, B=99.404(5)°, V=2017.1(4) A>, Z=4,
p=1.47 glem’, p,=1.47 glem’, w(MoKo)=12.8 em”, F(000)=936. R=3.5% for 2503
reflections with I>2.56(I). Measurements of elementary cell dimensions and diffraction
intensity were carried out on a CAD4 diffractometer (Enraf-Nonius).

The crystal structure was solved by heavy-atom method and refined by least squares
procedure with anisotropic temperature factors for non-hydrogen atoms. Positions of
hydrogen atoms were calculated on the basis of crystallochemistry criteria.

The crystal structure consists of the complex cation [Ni(HL)]* and NCS™ anion. In addition
to the expected ionic interaction and van der Waals contacts, two hydrogen bonds are
present, linking the NCS nitrogen with the N(2) and N(2°) nitrogens from the two
symmetrically equivalent neighbouring cations.

The conformation of the complex cation
[Ni(HL)]* is approximately planar in the
AW main part of the ligand, involving one six-
(G By . .
3 b 4 membered and two five-membered rings,
o ‘ ' whereas the terminal fragments of both
(= :E‘\;(,N\b 7 propyl groups rise up perpendicularly
(G TN S N o from the coordination plane. The central
oG (BT | iTom the co
(% - @(\/ﬁg) /J N lon 1S in  square-planar tetraaza
."’FGQD— V\\/@——’QL'\A‘ ek surroundings.
_/ = [ S \’\_/ 5 § .
\_/ The NCS anions are very close to a linear
shape and are almost perpendicular to the
coordination plane.

The interatomic distances and angles indicate a certain degree of delocalization of the
electron density in both thiosemicarbazide fragments, suggesting that the chelate ligand is
present in its imino form. Namely, the chelation process is accompanied by migration of one
hydrogen atom from each of the terminal NH, groups towards the non-donor nitrogen atoms
of the hydrazinic moiety N(2) and N(2’) [1]. This assumption is supported by the fact that
the latter atoms are actually involved in the hydrogen bonds formed.

[1] V. Divjakovié, B. Ribar, V. M. Leovac, Zeitschrift fiir Kristallographie 154 (1981),
p. 83-94.
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KRISTALNA I MOLEKULSKA STRUKTURA
bis(S-PROPILIZOTIOSEMIKARBAZON)-
ACETILACETONATONIKALI)-TIOCIJANATA

M. Rakodevi¢ *, V. Celjevié¢ *, V. M. Leovac *, V. Divjakovié %, Lj. Goli¢ "

“ Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Jugoslavia, ” Fakulteta za
kemijo in kemijsko tehnologijo, Univerza Ljubljana, Slovenija,
e-mail: divus@unsim.im.ns.ac.yu

Kristali pogodni za rendgenostrukturno ispitivanje nastaju reakcijom toplih MeOH rastvora
Ni(OAc),, S-propilisotiosemikarbazidhidrogen-jodida i acetilacetona u prisustvu viska
NH4NCS. Dobijeni monokristali su prizmati¢nog oblika i mrke boje.

Strukturna  formula: [Ni(HL)]NCS, bruto formula: (NiC;H,sN5S;), M,=446.3,
monoklini¢an P2,/n, a=11,9074(7), b=13,9371(8), ¢=12,320(1) A, PB=99,404(5)°,
V=2017,1(4) A?, Z=4, p.=1,47 glem’, p,=1,47 glem’, p(MoK)=12,8 cm™, F(000)=936.
R=3,5% za 2503 refleksa sa I>2,50(I). Merenje dimenzija elementarne ¢elije i intenziteta
difrakcije izvrSeno je na difraktometru CAD4 (Enraf-Nonius).

Kristalna struktura je reSena metodom te$kog atoma i utadnjend” metodom najmanjih
kvadrata sa anizotropnim temperaturnim faktorima za nevodoni¢ne atome. Polozaji atoma
vodonika izraCunati su pomocu kristalohemijskih kriterijuma.

Struktura kristala sastoji se iz kompleksnih katjona [Ni(HL)]* i NCS  anjona. Osim
ocekivanih jonskih interakcija i van der Waals-ovih kontakata, u strukturi su pronadene i
dve vodonicne veze uspostavljene izmedu atoma azota iz NCS grupe i azota N(2) i N(2’) iz
simetrijski ekvivalentnih susednih katjona.

Konformacija kompleksnog katjona [Ni(HL)]" je priblizno planarna u ve¢em delu liganda,
gde se pojavljuju jedan Sesto¢lani i dva
petoclana metalocikla, dok se terminalni
fragmenti obe propil grupe vertikalno
uzdizu  iznad  koordinacione  ravni.
Centralni jon se nalazi u  kvadratno-
planarnom tetraaza okruzenju.

NCS™ anjoni su veoma blizu linearne
forme i skoro su okomito postavljeni u
odnosu na koordinacionu ravan.
Meduatomska rastojanja i uglovi ukazuju
\_/ na odredeni stepen - delokalizacije
elektronske gustine u oba tiosemikarba-
zidna fragmenta $to vodi do zakljucka da
se helatni ligand nalazi u imino formi. Naime, prilikom helatacije dolazi do migracije po
jednog atoma vodonika sa svake od terminalnih NH, grupa prema nedonornim atomima
azota hidrazinskog ostatka N(2) i N(2”) [1]. Takvoj konstataciji u prilog govori i ¢injenica
da se upravo ovi atomi azota ukljuéuju u formiranje vodoni¢nih veza.

[1] V. Divjakovi¢, B. Ribar, V. M. Leovac, Zeitschrift fiir Kristallographie 154 (1981),
str. 83-94.
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STRUCTURE AND ABSOLUTE CONFIGURATION OF THE
trans(05) (-)546-ISOMER OF LITHIUM (ETHYLENEDIAMINE-
N,N,N’-TRIACETATO-N’-3-PROPIONATO) COBALTE(III)
MONOHYDRATE, (-)546-trans(05)-Li[Co(ed3ap)]- H20. STRAIN
ANALYSIS OF [Co(EDTA-TYPE)]" CHELATES IN RELATION TO
THEIR OCTAHEDRAL DISTORTION

D. J. Radanovié¢ ?, V. D. Mileti¢ * T. Ama °, H. Kawaguchi "

aDepartment of Chenuistry, Faculty of Science, University of Kragujevac, Kragujevac
34000, Yugoslavia; ~Department of Chemistry, Faculty of Science, Kochi University,
Akebono-cho, Kochi 780, Japan, e-mail: vesna@uis0.uis.kg.ac.yu

The complex trans(O5)-Li[Co(ed3ap)]-HpO have recently been prepared and resolved [1].
Its absolute configuration was predicted from the CD sign pattern of the lowest energy
band.

In this work we report the molecular structure of the A-(=)546-trans(O5)-
-Li[Co(ed3ap)]-HpO for which the absolute configuration (A) was found to be the same as
that proposed on the basic of CD data. The complex crystallizes in the space group P21
(#4) of the monoclinic crystal system with a = 6.523(4), b = 15.025(7), ¢ = 7.464(3) A,

B =105.40(4) and Z = 2.-The conformations of the chelate rings are found to be envelope
for the glycinates and-skew-boat (half-chair) for the [B-alaninate ring. Structural parameters
and strain analysis of [Co(edta-type)]” chelates are discussed in relation to the structure of
the ligand and octahedral distortion of complexes.

[1] D. J. Radanovié, M. 1. Djuran, T. S. Kosti¢, C. Maricondi, and B. E. Douglas,
Inorg.Chim.Acta, 207 (1993), 111.
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STRUKTURA I APSOLUTNA KONFIGURACIJA trans(05)-(-)546-
IZOMERA LITIJUM (ETILEN-DIAMIN-N,N,N’-TRIACETATO-N’-
3-PROPIONATO) KOBALTATIII) MONOHIDRATA, (-)546-
trans(05)-Li[Co(ed3ap)]-H20. ANALIZA NAPONA [Co(EDTA-TIP)]
KOMPLEKSA U ODNOSU NA NJIHOVU OKTAEDARSKU
DISTORZIJU

D. J. Radanovi¢ ?, V. D. Mileti¢ *, T. Ama °, H. Kawaguchi "

“Instutut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu, Kragujevac
34000, Jugoslavija; "Department of Chemistry, Faculty of Science, Kochi University,
Akebono-cho, Kochi 780, Japan; e-mail: vesna@uis0.uis.kg.ac.yu

Kompleks trans(Os)-Li[Co(ed3ap)]-HpO je ve¢ ranije nagraden i razlozen na opticke
izomere [1]. Apsolutna konfiguracija enantiomera je pretpostavijena na bazi znaka CD trake
najnize energije.

U ovom radu  saopStavamo  molekulsku  strukturu  A-(-)546-trans(O5)-
-Li[Co(ed3ap)]-H20 kompleksa za koji je pretpostavljena ista apsolutna configuracija (A)
na bazi CD spektra. Kompleks pripada prostornoj grupi P21 (#4) monoklini¢nog sistema sa
a=6,523(4), b = 15,025(7), ¢ = 7,464(3) A, B=105,40(4) i Z= 2. Nadeno je da peto&lani
glicinato helatni prstenovi poseduju konformaciju koverte a Sesto€lani B-alaninato prsten
polustolicastu (konformaciju iskrivljene lade). Strukturni parametri i analiza napona
helatnih prstenova [Co(edta-tip)]” kompleksa prikazani su u odnosu na strukturu liganda i
oktaedarsku distorziju kompleksa.

[1] D. J. Radanovi¢, M. I. Djuran, T. S. Kosti¢, C. Maricondi, and B. E. Douglas,
Inorg.Chim.Acta, 207 (1993), 111.
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THE STRUCTURE AND ABSULUTE CONFIGURATION OF
K12(H503)12{(-)p-trans (06)'[C0(1a3'SS'PddadP)]}'2H20

L. Bernal *, J. Cetrullo *, J. Myrczek °, B. S. Ricci, Jr. °, D. J. Radanovi¢ °
S. R. Trifunovié °

“Department of Chemistry, University of Houston, Houston, TX 77204-5641 ; ”Department
of Chemistry, University of South Main, Portland, Main; “Department of Chemistry,
Faculty of Science, University of Kragujevac, 34000 Kragujevac, Yugoslavia,

e-mail: srecko @uis0.uis.kg.ac.yu

The complex Ktrans(Og)-[Co(1,3-pddadp)]-3H,0 (1,3-pddadp = 1,3-propane-diamine-
N,N-diacetate-N,N"-di-3-propionate ion) was isolated and resolved to the optical isomers
earlier [1] and the crystal structure, as racemic form, was also determined [2]. The absolute
configuration of the optical antipodes was predicted on the basis of the CD sign pattern of
the lowest energy band [1]. )

In order to verify the predicted absolute configuration of the enantiomers of trans(Og)-
[Co(1,3-pddadp)] complex ion X-ray analysis was made. It is interesting to note that,
initially, the complex was prepared as the pure potassium salt but that upon purification
(Dowex 50W-X4 anion exchange, chloride form) the salt was isolated as the double
potassium-hydronium derivative which the crystal structure we report here.

Optically pure K,,Z(H_;Oz)],z{(-)D-trans(O(,)-[Co(l,3-SS-pddadp)]}-2H20 crystallizes in the

orthorhombic system, space group P2,2,2, in a cell whose characteristics, at 18°C, are a =
16.614(2) A, b = 12.250(2) A and ¢ = 9.068(2) A; V = 184549 A% d = 1.561 g/em®,
M, =433.865;Z=4.

In order to refine the structure of the complex and to confirm the existence of the
hydronium ion the X-ray analysis of the complex was made at -100°C. At -100°C the cell
constants are a = 16.555(2) A, b= 12.161(2) A and ¢ = 9.027(3) A; V = 1817.28 A3, d =
1,694 g/cm®, M, = 433.865, Z = 4.

Analysis of the collected X-ray data confirmed the predicted absolute configuration (A) on
the basis of its CD spectrum [1].

[1] D.J. Radanovi¢, S.R. Trifunovi¢, M. S. Cvijovi¢, C.Maricondi and B. E.
Douglas, Inorg. Chim. Acta, 196 (1992) 161.

" [2]1 M. Parvez, C. Maricondi, D. J. Radanovi¢, S.R. Trifunovié¢, V. D. Mileti¢, and
B. E. Douglas, Inorg. Chim. Acta, 248 (1996), 89.
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STRUKTURA I APSOLUTNA KONFIGURACIJA
K12(Hs502)12{(-)p-trans(O¢)-[Co(1,3-SS-pddadp)]}-2H,O KOMPLEKSA

I. Bernal *, J. Cetrullo *, J. Myrczek *, B. S. Ricci, Jr. ", D. J. Radanovi¢ ¢,
S. R. Trifunovié °
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Ranije je izolovan i razloZzen u opticke izomere kompleks Kirans(Og)-
[Co(1,3-pddadp)]-3H,0 (1,3-pddadp = anjon 1,3-propanediamine-N,N'-disiré¢etne-N,N"-di-
3-propionske kiseline) [1] a odredena je i njegova kristalna struktura, ali u racemskom
obliku [2]. Apsolutna konfiguracija opti¢kih izomera pretpostavljena je na bazi znaka CD
trake najniZe energije [1].

Da bi potvrdili predvidjenu apsolutnu konfiguraciju enantiomera kompleksnog jona
trans(Oq)-[Co(1,3-pddadp)]” uradena je rendgenska strukturna analiza monokristala jednog
enantiomera. Treba napomenuti da, iako je kompleks izolovan kao kalijumova so, prilikom
pre¢iS¢avanja (Dowex 50W-X4 anjonski izmanjvag, hloridni oblik) izolovan je kompleks
kao dvoguba kalijim-hidronijum so, ¢iju kristalnu strukturu ovde saopstavamo.

Opticki  Cist  K;p(Hs02)12{(-)p-trans(Og)-[Co(1,3-SS-pddadp)]}:2H,O  kristaliSe u
ortorombic¢kom sistemu, prostorna grupa P2,2,2, u ¢eliji ¢ije su karakteristike, na 18°C,
a=16,614(2) A, b = 12,250(2) Ai c = 9,068(2) A; V = 184549 A3, d = 1,561 g/em’,
M, = 433,865, Z=4.

Da bi resili strukturu kompleksa i potvrdili postojanje hidronijum jona prikupljeni su podaci
na istom monokristalu na -100°C. Na -100°C konstante ¢elije su a = 16,555(2) A,
b=12,161(2) Aic=9,027(3) A; V=1817,28 A’ d = 1,694 g/cm®, M, = 433.865; Z = 4.
Analiza prikupljenih podataka potvrdila je, takode, i apsolutnu konfuguraciju (A)
navedenog kompleksa pretpostavljenu na bazi njegovog CD spektra [1].

[1] D. J. Radanovié¢, S.R. Trifunovi¢, M. S. Cvijovié¢, C.Maricondi and B. E.
Douglas, Inorg. Chim Acta, 196 (1992), 161.

[2] M. Parvez, C. Maricondi, D. J. Radanovi¢, S.R. Trifunovi¢, V. D. Mileti¢ and B. E.
Douglas, Inorg. Chim. Acta, 248 (1996), 89.
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Cu(II), Ni(IT) AND Fe(Il1) COMPLEXES WITH 2°,2°°°-(2,6-

PYRIDINDIYLDIETHYLIDENE) DIOXAMOHYDRAZIDE

(Hydapsox) IN A MONOANIONIC FORM. THE CRYSTAL
STRUCTURE OF [Cu(Hdapsox)H,0]ClO4 '

A. Bacchi *, G. Pelizzi *, L Ivanovié ”, V. M. Leovac ¢, K. Andjelkovié
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P.O. Box 158, 11001 Belgrade, Yugoslavia; © Institute of Chemistry, Faculty of Sciences,
Trg D. Obradovica 3, 21000 Novi Sad, Yugoslavia; e-mail: kka@helix.chem.bg.ac.yu

Starting from Cu(II) and Ni(IT) perchlorate and Fe(III) chloride in the presence of 2,6-
diacetylpyridine and semioxamazide, the [Cu(Hdapsox)H,0]ClO, D,
[Ni(Hdaps_ox)(MeOH)z] (II) and [Fe(Hdapsox)Cl,]-1/2H,O (III) complexes with a single-
deprotonated ligand Hdapsox™ of the acyl hydrazone class (with Hydapsox = 2°,27"’-(2,6-
pyridindiyldiethylidene)dioxamohydrazide) have been obtained by a template synthesis.
The previously assumed [1] square-pyramidal structure of the Cu(II) complex with an
asymmetrical coordination of Hdapsox  has been confirmed by a single-crystal X-ray
analysis.

Crystal data for [Cu(Hdapsox)H,O]ClO4 (I): triclinic, space group PI, a=13.869(4),
b=10.182(3), ¢=7.315(2)A, 0=97.45(2), f=78.47(2), y=110.75(3)°, V=944.5(5) A3, 7=2,
R=0.041, Rw=0.058 and S=0.780. The phase problem was solved by direct methods and the
structure was refined by full-matrix least-squares with SHELXL97. The square-pyramidal
structure of [Cu(Hdapsox)H,O]ClO, is the only other known X-ray structure, besides
[Cr(Hdapsc)(H,0),](NO3), [2], with a monoanionic pyridylbis(acylhydrazone). The
~asymmetric unit contains one [Cu(Hdapsox)H,O]" cation and one perchlorate anion.
Hdapsox™ is asymmetrically coordinated as a tetradentate through the pyridine nitrogen,
deprotonated hydrazine nitrogen and the oxygen of the terminal carbonyl group, while the
other neutral chain in the coordination includes only the imino nitrogen with the rest of the
chain remaining pendant. The fifth coordination position is occupied by the water molecule.
On the basis of the IR-spectra, molar condutivity and the magnetic momentum, it has been
concluded that (IT) is a octahedral complex (1 = 2.91 B.M.) with the same coordination of
Hdapsox ™ as in (I), while the (ITI) is a pentagonal-bipyramidal complex (u = 5.88 B.M.)
with symetrically-bonded Hdapsox ~.

[1] K. Andjelkovi¢, 1. Ivanovié, S. R. Niketi¢, B. Prelesnik and V. M. Leovac, Polyhedron,
16 (1997), 4221-4229.
[2] A. Bino, R. Frim and M. VanGenderren, Inorg. Chimica Acta, 127 (1987), 95-100.
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KOMPLEKSI Cu(II), Ni(IT) I Fe(III) SA 2',2'"'-(2,6-
PIRIDINDIILDIETILIDEN)DIOKSAMOHIDRAZIDOM (H,dapsox)
U MONOANJONSKOJ FORMI. KRISTALNA STRUKTURA
[Cu(Hdapsox)H,0]ClO4

A.Bacchi ?, G.Pelizzi *, L. Ivanovié¢”, V. M. Leovac ¢, K. Andelkovi¢ "

“ Dipartimento di Chimica Generale ed Inorganica, Chimica Analitica, Chimica Fisica,
University of Parma, Viale delle Scienze, I-43100 Parma, Italy; b Hemijski fakultet,
P.O.Box 158, 11001 Beograd, Jugoslavija; © Hemijski institut PMF-a, Trg D. Obradoviéa
3, 21000 Novi Sad, Jugoslavija; e- mail: kka@ helix.chem.bg.ac.yu

Polazeéi od Cu(Il)- i Ni(II)-perhlorata i Fe(IlI)-hlorida u prisustvu 2,6-diacetilpiridina i
semioksamazida templatnom sintezom dobijeni su [Cu(Hdapsox)H,O]ClO, (I),
[Ni(Hdapsox)(MeOH),]CIO, (II) i1 [Fe(Hdapsox)Cl,]-1/2H,O (III) kompleksi sa
jednostrukodeprotonovanim ligandom Hdapsox™ iz klase acilhidrazona (gde je H,dapsox=
2',2"-(2,6-piridindiildietiliden)dioksamohidrazid). Ranije pretpostavljena [1] kvadratno-
piramidalna struktura Cu(IT) kompleksa sa asimetri¢nom koordinacijom Hdapsox', u ovom
radu je potvrdena rendgenskom strukturnom analizom.

Kristalni podaci za (I): triklini¢an sistem, prostorna grupa P/, a=13,869(4), b=10,182(3),
c=7,315(2) A, a=97,45(2), R=78,47(2), Y=110,75(3)°, V=944,6(5) A’, Z=2, R=0,041,
Rw=0,058 i S=0,780. Fazni problem je reden direktnom metodom i struktura je utaénjena
metodom najmanjih kvadrata programom SHELXL97.

Kvadratno-piramidalna struktura (I) kompleksa, je jedina do sada poznata struktura, pored
strukture [Cr(Hdapsc)(H,0),](NO;), [2], sa piridilbis(acilhidrazonom) kao monoanjonom.
Asimetri¢na jedinica se sastoji od [Cu(Hdapsox)H,O] * katjona i jednog perhloratnog
anjona. Hdapsox™ je asimetri¢no koordinovan kao tetradentat preko piridinskog azota,
deprotonovanog hidrazinskog azota i kiseonika terminalne karbonilne grupe, dok je drugi
neutralni lanac u koordinaciji uklju¢en samo preko imino azota a ostatak lanca ostaje da
visi. Peto koordinaciono mesto zauzima molekul vode.

Na osnovu IR spektara, molarne provodljivosti i magnetnog momenta, pretpostavljeno je da
je (II) oktaedarski kompleks (1 = 2,91 B.M.) sa identi¢nim nac¢inom koordinacije Hdapsox™
jona kao u slucaju (I), dok je (III) pentagonalno-bipiramidalni kompleks
(L =5,88 B.M.) sa simetri¢no vezanim Hdapsox'.

[1] K. Andelkovi¢, 1. Ivanovi¢, S. R. Niketié, B. Prelesnik, V. M. Leovac, Polyhedron , 16
(1997), 4221-4229.
[2] A. Bino, R. Frim , M. VanGenderren, Inorg. Chimica Acta, 127 (1987), 95-100.
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THE TEMPERATURE DEPANDANCE OF STRUCTURAL
PARAMETERS AND MAGNETIC MOMENTS OF
Co3.x5b,04 SPINEL

D. Rodic *, B. Antic *, R. Tellgren ",

“ Institute of nuclear sciences "Vinca", Laboratory of theoretical physics and condensed
matter physics, P.O. Box 522, 11001 Belgrade, Yugoslavia;"zingstrom Laboratory,
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The parameters of crystal and magnetic structure of samples Co;.,Sb,O4 (x=0.25 and 0.50)
have been determined at different temperatures (from 10 - 295 K) using neutron diffraction
data. The data were taken in 20 range 4.00° - 139.92° steplenght 0.08°, with
monochromatic neutron beam of the wavelenght A=1.472(1) A. The crystal and magnetic
structure have been refined in the space group Fd3m, in spinel structure type, usmg
Rietveld’s profile method and computer program Fullprof.

In the sample x=0.50 the lattice parameter is constant in the temperature region 10-60 K.
The temperature dependance a(T) was approximated by a linear function in the region 60 -
90 K. The linear coefficient of thermal expansion jumps at T,=60 K, indicating magnetic
phase transition ferrimagnetic — paramagnetic. The oxygen parameter is independant of
temperature (within the standard deviation) and takes value u=0.2605. The values of mean
temperature factor inrease from 0.42 A% to 0.61 A* for temperatures from 10 K to 295 K.
From the cation - anion bond lengths, at room temperature, the cationic distribution is
determined to be: Co™ A(Co™*| 46C0**050Sboso)s. Where A and B denote tetrahedral and
octahedral positions, respectively. The magnetic moments values of Co** ion in tetrahedral
and octahedral sites decrease with increase of temperature.

In the sample x=0.25 deviation from the spinel structure has been observed. The lattice
parameter versus temperature for this sample was fitted to a polinomial of degree two. A
comparison of susceptibility, measured at room temperature, for two samples indicates that
Co™ ions fill tetrahedral positions in pseudospinel structure of the sample x=0.25.
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TEMIEPATYPCKA 3ABUCHOCT CTPYKTYPHHUX
IIAPAMETAPA 1 MATHETHHUX MOMEHATA Co;,Sb,0,
CIIUHEJA

1. Poauh *, B. Antuh °, R. Tellgren®

“ Hncimuiyid 3¢ Hykieapue nayke "Bunua", Jlabopaitiopuja 3a ileopujcky gusuxy u
usuxy kondenzosane matmepuje, 11001 Beozpao, a.4. 522, Jyeocnaguja, % Angstrom
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IlapameTpu KpHCTalHe ¥ MarHeTHe CTpykrype ysopaka Co;,Sb,04 (x=0,25 u 0,50) cy
onpehenn Ha pasmuunmtEM Temueparypama (o 10 mo 295 K) xopucrehu monarke
HeyTpoHCKe Aupakimje. Y3opim cy cHuMann y oncery 4,00° o 139,92° y 26 ca xopakoM
0,08° kopucTehM MOHOXPOMATCKA HEYyTPOHCKH CHON TanacHe myxuua A=1,472(1) A
KpucTanHa M MarHeTHa CTpYKTypa Cy yTaumaBaHe y HpocTopHoj rpymu Fd3m, y
CTPYKTypHOM THIy cimHena, kopucrehn Rietveld-oB MeTox M KOMILyTepCKH IIporpam
Fullprof.

ITapamerap pemetke y3opka x=0,50 je KOHCTaHTaH y TemnepaTypckom unTepBaiy 10-60 K.
On 60 mo 90 K 3asucnoct a(T) je ampoxcuMmupana JuHeapHOM GyHKIHjoM. JIuHeapHu
KoeHIHMjeHT TepManHe ekcraHsuje Tpmu ckok Ha T.=60 K, mro ykasyje Ha MarHeTHH
dasHn mpenas QepUMarHeTHK—IapaMarHeTHK. BpejHOCT IapameTpa KHCEOHHKA je
KOHCTaHTHA (y OKBMpY CTaHIap/He JeBHjalldje) Ha PasIMIUTHM TeMIlepaTypaMa U U3HOCH
u=0,2605. BpeJHOCTH cpelber TeMilepaTypckor paxropa pacty on 0,42 A* 1o 0,61 A 3a
temneparype oa 10 no 295 K. Kopucrehm jyxuHe KaTjoH-aHjoH Be3a Ha COOHO]
TeMIlepaTypH OJipeheHa je KaTjoHCKa paclojea: C02+A(C02+C03+Sbo_50)3. Bpennoctu
MarHeTHHX MoMeHarta joHa Co’’ y TeTpaelapCkuM M OKTaeJapCKHM IOJNOXKajuMa ONajiajy
ca IIopacToM TeMIeparype.

ITapamerap pemeTke 3a y3opak x=0,25 3aBHCTaH je OJf TeMIlepaType IO HPaBUiy Koje ce
MO>Ke alpOKCHMHpATH MOJIMHOMOM JIpyror peza. [lopeheme BpeiHOCTH cycuenTHONIHOCTHA
MepeHe Ha cOOHO] TeMIepaTypd 3a JBa y3opKa yKasyjy Ja jOHH Co** momnymasajy
TeTpaeapcke IONOXKaje Y KBA3UCIMHENHO] CTPYKTYpH y y3opky x=0,25. Ilpumehena je
JIICTOP3Hja CIIMHEIHE CTPYKTYypeE.
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CRYSTAL AND MAGNETIC STRUCTURE OF Ni(;.,)Zn,O SOLID
SOLUTIONS
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Polycrystalline samples of Ni.ZnO (x=0; 0.10; 0.20; 0.30) were obtained by ceramic
technology. Starting oxides ZnO and NiO were homogenized in appropriate molar ratios
and then sintered at 1170 K for 20 h. X-ray powder patterns were done at room temperature
for all the samples at the diffractometer PHILIPS 1010 with CuKa,; , radiation in 26 interval
10°-120°. All samples were found to be single phase of the NaCl structure type, space group
Fm3m. Neutron diffraction experiment was done in the 20 interval 5°-140°, with the
wavelength of 1.200 A, at seven different temperatures between 10 K and 295 K.

Our first attempt was to resolve crystal and magnetic structure in the space group Fm3m.
Although crystal structure can be well refined in this space group, it turns out that all
attempts to resolve magnetic structure in the same space group were unsuccessful when
using magnetic wave vector from the literature [1].

Starting from the well known rombohedral distortion of NiO [2] and from the fact that the
space group R-3m is a subset of the space group Fm3m, we succeed in resolving and
refining both crystal and magnetic structure in the rombohedral space group with the
hexagonal axes. In this space group cations occupy octahedral 3a and 3b sites with the same
local symmetry -3m. Anions occupy 6c¢ sites with local symmetry 3m. Magnetic moments in
3a and 3b sites are equal and mutually antiparallel. From the crystal structure viewpoint,
due to a rombohedral deformation magnetic moments are located in nonequivalent
crystallographic positions what characterized ferrimagnetics. From the viewpoint of
magnetism, antiparalle] orientation of the equal magnetic moments points to an
antiferromagnetic order.

Refinement of the magnetic structure showed decrease of the magnetlzatlon with  the
temperature increase. This behavior is more prominent with lowering magnetic ions
concentration, as expected.

[1] A. Oles, F. Kajzar, M. Kucab, W. Sikora, "Magnetic Structures Determined by Neutron
Diffraction”, Panstwowe Wydawnictwo Naukowe, Warszawa (1976), p. 585.

[2] H. P. Rooksby, Acta Crystallographica 1 (1948) 226; N. C. Tombs and H. P. Rooksby,
Nature 165 (1950), p. 442.
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KPUCTAJIHA U MATHETHA CTPYKTYPA YUBPCTHUX PACTBOPA
Ni(l.x)Zl'le
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V3opmu  Nig.ZnO (x=0; 0,10; 0,20; 0,30) nobujeHH Cy CHHTEpOBamEM I0JA3HHUX
npaxoBa ZnO u NiO wu3MemaHmx y ojrosapajyheM CTEXHOMETPHjCKOM OJHOCY Ha
temiteparypu ox 1170 K y tpajamy ox 20 gacoBa. Ha cBUM y3opiuma cy u3BplieHa
peHJIreHCKa Mepemba, Ha Judpakromerpy Philips 1010 ca CuKo, ; 3pauemem, Ha co6HO]
TeMIIEpaTypy, y paciony yriosa 26=10°-120°. YTepheHno je fa cy cBu y30piu jeanodaszau
¥ Jla KPHCTAIHUILY Yy CTPYKTypHOM THILy KaMeHe COJIM, y IIPOCTOpHOj rpymu Fm3m.
Heyrponcka nudpakuuona Mepema ypaheHa cy ca TamacHoM jayxkuroM 1,200 Ay 20
uHTepBay 5°-140°, na o 7 Temmepatypa usmehy 10 u 295 K.

IToxymano je ja ce KpHCTaJHa M MarHETHa CTPYKTypa pelle y MpOCTOpHOj rpymu Fm3m.
Jlok ce KpucTaiHa CTPYKTypa BeoMa J100p0 MOXe yTauHUTH Y OBOj IIPOCTOPHO] TPYIIH, CBH
HOKYIIajH pelllaBaba MarHeTHE CTPYKTYpe y OBOj IIPOCTOPHOj TIpPYIHM, Ca TalacHAM
BEKTOPOM MarHeTHe CTpyKType II03HaTHM M3 Juteparype [1] octanu cy Gesycnemmm.
IMonazehn on mosmate pomboenapcke aucropsuje NiO [2] u uMmbeHHIE Ja je IPOCTOpHA
rpyna R-3m noarpyna npoctopne rpyne Fm3m, kpucTaiHa i MarHeTHa CTpYKTypa pereHe
Cy ¥ yTaumeHe y poMOOeIapcKoj MPOCTOPHO) TPYIH ca XeKCarOHAHHM ocama. Y OBOj
IPOCTOPHO] TPYIH KaTjOHH 3ay3MMajy OKTaelapcKe 1ojoxaje 3a u 3b, ca HCTOM JIOKAJIHOM
CHMETPHjOM -3m, a aHjOHM HOJIOKaje 6C, JOKaIHe CHMETpHje 3m. MarHeTHH MOMEHTH y
nonoxajuMa 3a u 3b MehycoOHO cy je/IHAKH W aHTHIApANENHO OpHjeHTHCAHH. Ycies
pomboenapcke aedopMalyje, ca CTAaHOBHINTa KPUCTAJIHE CTPYKTYpe MarHETHH jOHH Ce
Halla3e Yy HECKBMBAJIICHTHUM KPHUCTAJIOrPa()CKUM IOJIOKAJUMa, IITO je KapaKTepHCTHYHO 33
¢depumarneTuke. Ca CTaHOBMIITa MarHeTH3Ma, 300 CYNPOTHO OPHjEHTHCAHHX a OPOjHO
jeIHaKMX MarHEeTHHX MOMEHATa, MOXe CE 3aKJbYYHTH Jia Ce paji O aHTH(epOMarHeTHOM
ypehemy.

VraumaBambe MarHeTHE CTPYKTYpe I[I0Ka3ajo je Ja MarHeTH3aldja omana ca nobehamem
TeMIIepaType IITO je M3paKeHHje 3a y30pKe ca HIDKOM KOHIICHTPAIMjOM MarHeTHHUX jOHa,
Kao IITO je U OUEKUBAHO.

[1] A. Oles, F. Kajzar, M. Kucab, W. Sikora, "Magnetic Structures Determined by Neutron
Diffraction", Panstwowe Wydawnictwo Naukowe, Warszawa (1976), p. 585.

[2] H. P. Rooksby, Acta Crystallographica 1 (1948) 226; N. C. Tombs and H. P. Rooksby,
Nature 165 (1950), p. 442.
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CRYSTALLIZATION TESTING IN A CYLINDRICAL FURNACE

O. Filipovi¢, B. Cabrié, T. Despotovié
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For crystallization testing in a laboratory cylindrical furnace, a model of an air cooler with
several movable Tamman's test tubes, is presented (Fig. 1). This model is a modification of
crystallization cooler in a laboratory chamber furnace, presented in [1]. It enables
simultaneous  testing several different formation and crystallization rate intervals for
obtaining crystals.

Fig. 1. Apparatus for crystallization testing: (/) Laboratory cylindrical furnace, (2)
Continuously variable transformer, (3) Air cooler ("crystallization bench"), (4) Tamman's
test tubes and (5) Movable rings.

The crystallization testing procedure is described as well as the possible variations. The
formula is derived for the crystallization rates as a function of the cooler's parameters,
substance and temperature. The possibilities are considered for simultaneous regulation of
several different temperature gradients. It was pointed out to the possibility for the cooler's
shape variation, and simultaneous tests of a family of Tamman's test tubes [2]. The cooler
model with a family of curved Tamman's test tubes can be installed in the tubular furnace in
the vertical position, what enables simultaneous test of the matrix of different formation,
temperature gradients and crystallization rate intervals.

[1] B. Cabric’, M. Kovacevi¢, T. Pavlovi¢, J. Appl. Cryst., 30 (1997), pp. 512.
[2] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin,
(1988), p. 591.
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TECTUPAIBE KPUCTAJIM3ALIAJE Y HUINHAPUYHOJ IIERU
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e-mail: bcabric @knez.uis.kg.ac.yu

3a TecTUpame KpUCTaIM3aUuje y 1abopaTopHjckoj LMIMHAPUYHO] Mehiu, npukasaH je Moze
Ba3/yLIHOT XJathaka ca hamMmunujom nomuyuux Tamanosux enpyseta (cir. 1). OBaj Mozen
je MoaubuKauMja KpUCTaIM3aLHOHOT XJIa/tbaka y KoMOpHoj nehu, npukasasor y [1]. On
omoryhaBa, CHMyNTaHy Mpo0y HEKOJIMKO pa3IM4uTHX 3auefia W WHTepBasa Op3uHA
KpUCTaNM3alMja, 3a [go0Hjame KpuCTalla CYNCTaHUM Ca HEM3HATUM  Op3MHAMa
KpUCTalu3aluje. ‘

Ca. 1. Anaparypa 3a TecTupame KpucTanusaumje: (1) Jlabopamopujcka yunundpuyuna
neh, (2) Konmunyanno npomenmusu mparncgpopmamop, (3) Bazoywinu xnadmwax
("kpucmanuzayuona knyna"), (4) Tamanose enpyseme u (5) [Tomuunu npcmenosu.

Onucan je nocTynak TecTHpama KpUCTalu3auuje kao u moryhe Bapujauuje. M3senena je
(bopmyJa 3a Op3uHY KpHUCTaIM3allje y 3aBUCHOCTH OJf apameTapa XJiajibaka, CylcTaHLe U
TeMreparype, wro omoryhasa Jna ce camienajy MoryhHocTH perynaumje Op3uHe
KpucTanusaudje. Pa3sMaTpaHe cy MoryiHOCTH CHMynTaHe peryjanyje  HEKOJHUKO
PasIMYMTHX TEMIIEPATYpPCKHX rpajaujeHara. YkasaHo je Ha MoryliHocT BapHjauuja o0iuka
XJlalmaKa, 1 cuMynrtane npobe ¢amunuje TamaHoBux enpyseta [2]. Moxen xjiaamaka ca
(bamunujoM caBujeHMX TaMaHOBMX eNpyBeTa MOXKE Ce MHCTaIMpaTH y UEBHOj nehu y
BEPTHKAJIHOM MOJI0Kajy, TO oMoryhaBa cuMynTtaHy npoOy MaTpule pa3inyuTux 3adeha,
TEMINEPATYTCKMX IpajvjeHaTa U HHTepBaia Op3uHa KpUCTaIN3aly]a.

[1] B. Yabpuh, M. KoBauesuh, T. ITanosuh, J. Appl. Cryst., 30 (1997), ctp. 512.
[2] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin
(1988), ctp. 591.
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For obtaining crystals substances with unknown crystallization parameters, in a laboratory
crucible furnace, the model of an air cooler is presented (Fig. 1). This is development and
improvement of the crystallization cooler presented in [1]. On the cooler are mounted
several curved Tamman's test tubes, what enables simultaneous regulation of several
different temperature gradients, formation, directions and intervals of the crystallization
rates.

CCICIS

s

Fig. 1. Apparatus for obtaining erystals: (1) Laboratory crucible furnace, (2)
Continuously variable transformer, (3) Air cooler model ("cold finger"), (4) Movable ring,
(5) test tube holder guide, (6) Movable test tube holder and (7) Tamamn's test tube.

Based on equality of the liberated latent heat of solidification and the heat removed by the
cooler, the formula for the linear rate of crystallization in each test tube is derived. The
possibilities for regulation temperature gradients, directions and crystallization rates
intervals in a family of Tamman's test tubes [2], are considered. It is pointed out for
modifications of the cooler model and its application for other types of furnaces. Also, the
possibility for moving each test tube independently, for the purpose of simultaneous test of
the matrix of different crystallization rates intervals, are considered.

[1] B. Cabri¢, T. Pavlovi¢, B. Zizié, J. Appl. Cryst. 29 (1996), p. 745. )
[2] K.-Th. Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin,
(1988), p. 591.
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3a pobujame kpucrana y nabopaTopujckoj TUr rehu, CYNCTaHLUM ca HEMNO3HATHM
napamMeTpuMa KpHCTalu3aLuje, NpUKa3aH je MoIes Ba3fylHOr xjaamaka (ci. 1). Osaj
Mozen je pa3Boj M MoOomlla/be KPUCTAIM3ALMOHOr XJadmaka mnpHkasaHor y [1]. Ha
XJalhak Cce [0CTABM HEKOJMKO MOMHYHUX, CaBUjeHUX TaMaHOBMX enpyBeTa, LITO
omoryhaBa perynauujy CUMYJITaHO HEKOJMKO PasIMUUTHX TEeMIEpaTypCKUX rpa;mjeHaTa
3aueha, npaBaua u MHTEpBasia Gp3uHa KpUCTATM3ALM]a.

)
®

®

T
4

2
&

Ca. 1. Anapartypa 3a nodujamwe kpucrana: (/) Jlabopamopujcka muen neh, (2)
Konmunyanno npomenmusu mpancopmamop, (3) Mooen sazoyuinoz xnaowaxa ("xnaoan
npem”), (4) Homuunu npcmen, (5) Bohuya opoacaua enpyseme, (6) [lomuunu opacay
enpyseme u (7) Tamanosa enpysema.

Ha ocHoBy jenkakocTu ocno0ofjeHe nateHTHe TorioTe ouBpiufiaBatba U O/IBEIEHE TOTIIOTE
Kpo3 XJaamak, u3BeneHa je ¢opmyna 3a JIMHeapHy Op3uHY KpUCTajlu3aldje y CBaKoj
enpyBetd. Pasmatpane cy wmoryhiHOCTM  perynaudje  CHUMYNTaHO  Pa3IHUUTHX
TeMrepaTypCcKUX rpajujeHara, npaBala U UHTepBaja Op3uHa KpUcTaauzauuja y haMunuju
TamanoBux enpyseta [2]. YkazaHo je Ha MoryhHocTH MoaudUKaLije MOzieNna XJlaamhaka 1
HhEroBe NnpuMeHe Ha apyre turnoBe nehu. Pasmartpane cy MoryhHocTH nomepama cBake
enpyBeTe HE3aBHUCHO, y LMJbY CUMYJITaHe Mpolde MaTpulle pasiuuuTHX MHTepBajia Op3uHa
KpUCTaIM3alyja.

[1] B. Yabpuh, T. [Tanosuh, b. XKuxuh, J. Appl. Cryst. 29 (1996), cTp. 745.
[2] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin
(1988), cTp. 591.
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A number of isoquinolines have been synthesised using the well known Pictet-Game
reaction. According to the investigation on aryl migration observed during such reaction [1],
the 3-phenyl-6,7- dimethoxyisoquinoline was synthesized by aromatization of 3-phenyl -
3,4-dihydro-6,7-dimethoxyisoquiniline by the Bischler-Napicralski ring-closure. The
melting point was the same as in [1], but the melting point of chlorhydrate salts differs
considerably. That was the reason that we performed the X-ray study.

Monocrystals of 3-phenyl-6,7-dimethoxyisoquinoline (I) with the melting point 124-126°C
and 3-phenyl-6,7-dimethoxyisoquinoline hydrochloride (II) m.p. 223-226°C were recorded
with the diffractometer CAD4 with MoK radiation. The same values of unit cell parameters
were obtained: a=9.998(2) A, b=5.701(3) A, ¢=12.543(2) A and B =110.61(1)°, V=669.2(4)
A% D, =1.317 Mgm™, u=0.81 cm™, Z=2 in the space group P2,. After solving the structure
by the direct method using the programs SHELXS86 and AREN, it was concluded that this
is the same compound 3-phenyl-6,7-dimethoxyisoquinoline. The parameters were refined in
the same way using SHELXL93 except that for crystal (I) F* values were used, while for
crystal (IT) F values were used. The final R factors are R=0.0417 for 1508 reflections D
and R=0.0356 for 1207 reflections (II) and 242 parameters.

Molecules of the same geometry were obtained. Crystal II showed slightly longer C-H
bonds (~ 0.1 A). The whole molecule is planar and packs in the crystal unit cell in pairs one
above the other, forming the layers in the direction of ac diagonal. Hydrogen bonds of the
type C-H...O, C-H..N i C-H...C are dominant within the molecule, while intermolecular
contacts are longer than it is common for the molecular crystals.

Just as in 1-methyl-3-phenyl-6,7-dimethoxyisoquinolina [2] no aryl migration of the phenyl
ring to position 4 was noticed.

(1] A. A. Bindra, M. S. Wadia, N. L. Dutta, Tetrahedron Letters, 22 (1968), p. 26777-2679.
[2] A. Kapor, I. Jakubec, L. Simon, G. S. Talpas, G. Bernath, R. D. Willett, IV Conference
of the Serbian Ctystallographic Society, Book of Abstarcts, (1996), p. 26-27.
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Mnogi izohinolini su sintetisani kori¢enjem dobro poznate Pictet-Game reakcije. U okviru
rada na istraZivanju-arilne migracije uocene u toku ovih reakcija [1] sintetisan je 3-fenil-6,7-
dimetoksiizohinolin iz 3-fenil-3,4-dihidro-6,7-dimetoksiizohinolina kori¥éenjem postupka
formiranja prstena po Bischler-Napieralskom. Tatka topljenja dobijenog jedinjenja se
slagala sa tatkom topljenja sli¢nih jedinjenja dobijenih u radu [1], dok se tatka topljenja
hidrohloridne soli znagajno razlikovala. To je bio jedan od razloga $to smo-resili da
ispitamo kristalnu strukturu ovih derivata izohinolina difrakcijom rendgenskih zraka na
monokristalu.

Monokristali 3-fenil-6,7-dimetoksiizohinolina (I) tatke topljenja 124-126° C i 3-fenil-6,7-
dimetoksiizohinolin hidrohlorida (II) t.t. 223-226° C snimani su difraktometrom CAD4 sa
MoKa: zratenjem. Dobijeni su isti parametri elementarne éelije kristala a=9,998(2) A,
b=5,701(3) A, c=12543(2) A i B=110,1(1)°, V=669,2(4) A’  D=1317 Mgm’,
u=0,8lcm”, Z=2 u prostornoj grupi P2,. ReSavanjem strukture direktnom metodom
koriS¢enjem programa SHELXS86 i AREN utvrdeno je da se radi o istom jedinjenju 3-
fenil-6,7-dimetcksiizohinolinu. Parametri su utacénjeni na isti na¢in sa SHELXL93 s tim da
su kod kristala (I) korii¢ene F*> a kod kristala (Il) F vrednosti. Kona¢ni R faktori su
R=0,0417 za 1508 refleksija (I) i R=0,0356 za 1207 refleksija (II) i 242 parametra.

Dobijeni su molekuli iste geometrije. Kod kristala II uoene su nesto duze C-H veze
(~ 0.1 A). Molekul kao celina je planaran i pakuje se u elementarnoj celiji kristala u
parovima jedan iznad drugod formirajuci slojeve u pravcu ac dijagonale. Unutar molekula
preovladuju vodoni¢ne veze C-H...O, C-H..N i C-H..C tipa dok su medumolekulski
kontakti duzi od uobi€ajenih za molekulske kristale.

Kao i kod I-metil-3-fenil-6,7-dimetoksiizohinolina [2] nije uolena ocekivana arilna
migracija fenilnog prstena na polozaj 4.

[1] A. A. Bindra, M. S. Wadia, N. L. Dutta, Tetrahedron Letters, 22 (1968), str. 2677-2679.
(2] A. Kapor, 1. Jakubec, L. Simon, G. S. Talpas, G. Bernath, R.D.Willett, IV Conference
of the Serbian Ctystallographic Society, Book of Abstracts, (1996), str. 26-27.
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The title compound has been obtained by transesterification _of methyl-salicylate and
triethanolamine in the basic catalysed conditions at 150°C during 2.5 hours. On the basis of
the preliminar investigations it seems that 2,2'2"-tris(salicyloyloxy)triethylamine could be

used in the Fe**- ion formation.
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The compound has been subjected to X-ray structural analysis. Crystal data: Cp;H,;;NOo,
monoclinic, C2/c, MoK, a = 37.513(8), b = 10.310(2), ¢ = 12.813(3) A, B =90.90(3)°,
final R = 0.012. All potential donors and acceptors are involved in three intramolecular
hydrogen bonds giving no posibility for intermolecular hydrogen bonds in the crystal:

D-H..A D-H(A) H...A(A) D..AR) DHA (°)
O3A-H3A...02 0.819(1) 1.901(1) 2.618(1) 145.6(1)
O3B-H3B...02B 0.826(3) 1.880(1) 2.605(3) 145.92)
03C-H3C...02B 0.821(2) 1.884(2) 2.604(3) 145.9(1)

Molecular mechanics calculations were performed to determine minimum energy
conformation. Electron sprectra of the compound in solid state and frozen solution was also
performed and analysed.
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Reakcijom transesterifikacije metil-salicilata i trietanolamina pri bazno-katalizovanim
uslovima u prisustvu odgovarajuéeg natrijum-alkoksida na 150° C u toku 2,5 &asa dobijeno
je Jjedinjenje  2,2',2"-tris(saliciloiloksi)trictilamina.  Jedinjenje  pokazuje  osobinu

kompleksiranja sa Fe**- jonom.
O O
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Jedinjenje je podvrgnuto rendgenostrukturnoj analizi. Kristalografski podaci: CyHyNOo,
monoklini¢an C2/c, MoKa, a = 37,513(8), b = 10,310(2), c = 12,813(3) A, B = 90,90(3)°,
konaCna vrednost R = 0,012. Svi potencijalni donorski i akceptorski atomi uéestvuju u
intramolekularnim vodoni¢nim vezama, tako da se medu molekulima ostvaruju samo van
der Waalsovi kontakti. Vodoni¢ne veze nadene u kristalu:

D-H..A D-H(A) H..A(A) D..AR) DHA (°)
O3A-H3A...02A 0,819(1) 1,901(1) 2,618(1) 145,6(1)
O3B-H3B...02B 0,826(3) 1,880(1) 2,605(3) 145,92)
03C-H3C...02C 0,821(2) 1,884(2) 2,604(3) 145,9(1)

Na podatke dobijene rendgenostrukturnom analizom primenjeni su molekularno-mehanicki
proratuni u cilju dobijanja konformacije jedinjenja pri energetskom minimumu. Takode su
snimljeni i analizirani elektronski spektri jedinjenja u ¢vrstom stanju i zamrznutom rastvoru.
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The title compound has been obtained by transesterification of methyl-salicylate and 2,2’-
dihydroxy-N-phenyl-diethylamine in the basic catalysed conditions at 150° C during 2.5

hours. -

The compound has been subjected to X-ray structural analysis. Crystal data: C,4H,;NO,
monoclinic, P2,/c, MoKy, a = 7.802(1), b = 30.940(3), ¢ = 8.895(1) A, B = 106.08(1)°, final
R = 0.052. All potential donors and acceptors are involved in two intramolecular hydrogen

bonds in the crystal:

D-H...A H...AA) D..AQA) DHA (°)
020-H20...014 (intramolec.) 1.86 2.577(4) 146.2
030-H30...024 (intramolec.) 1.90 2.615(4) 145.2

Molecular mechanics calculations were performed to determine minimum

conformation.

energy
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Reakcijom transesterifikacije metil-salicilata i 2,2’-dihidroksi-N-fenil-dietilamina pri bazno-
katalizovanim uslovima na 150° C u toku 2,5 &asa dobijeno je jedinjenje 2,2'-
tris(saliciloiloksi)-N-fenil-dietilamina.

Jedinjenje je podvrgnuto rendgenostrukturnoj analizi. Kristalografski podaci: CyH,3NO,
monoklinski sistem, P2;/c, MoK,, a = 7,802(1), b = 30,940(3), ¢ = 8,895(1) A, B =
106,08(1)°, kona¢na vrednost R = 0,052. Vodoniéne veze nadene u kristalu:

D-H...A H..AA) D..AQA) DHA (°)
020-H20...014 (intramolek.) 1,86 2,577(4) 146,2
030-H30...024 (intramolek.) 1,90 2,615(4) 145,2

Na podatke dobijene rendgenostrukturnom analizom primenjeni su molekularno-mehanicki
proracuni u cilju dobijanja konformacije jedinjenja pri energetskom minimumu.
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Compounds containing hydrogen phthalate ions (Hpht) are relatively rare and these ions
usually are not coordinated making instead layers between [M(H,0)q]™ units, where M is
transition metal. Nevertheless, there is at least one Ni(II) and one Cu(II) complex [1,2] with
monodentate or chelate behaviour of Hpht ions. Here described compound is the first
known example with COO group from Hpht ion acting as bridging ligand. Thus, the main
feature of the structure are centrosymmetrical dimeric units with formula
[Co,(Hpht),(phen),;], where phen=1,10-phenanthroline. Co(II) ions are in slightly distorted
octahedral environment and they are surrounded with four N atoms from two phen ligands
and two O atoms from two Hpht ions. Co—O bonds are longer than Co—-N bonds. In the unit
cell, there are also two Hpht counter ions and two water molecules.

Both coordinated and uncoordinated Hpht ions, as well as water molecules, take part in the
system of hydrogen bonding. A short intramolecular hydrogen bond [2.391(5) A] between
COO and COOH group was found in uncoordinated Hpht ions. Such bond is also
characteristic for this type of compounds. Although the hydrogen is not symmetrically
positioned between O atoms, due to similar C-O distances in -C-O""HO-C- moiety it is
not possible to distinguish COO and COOH groups. One reason could be high thermal
parameters of O atoms, since uncoordinated Hpht ion has only one hydrogen bond toward
H,O molecule.

Crystal data: formula [Coy(Hpht),(phen),](Hpht),-2H,O, M = 1535.19, triclinic system, space
group P11, a=11611(2), b=12.140(7), c=13584(4)A, a=110.134), B=97.62(2),
y=94.56(4) °, V=1765.7(12) A®, Z=1, F(000) =790, px =144 gcm™,
u(Mo Ko) = 0.55 mm™, 7685 independent reflections, R=4.91% for 4799 observed
reflections with />26(l), R,;=11.93 % (refinement on Fz) for all reflections and 503
refined parameters, (A/0)nax = 0.001, (Ap)max = 0.310 ¢ A2 (AP)min=-0.281 ¢ A?

[1] G. Adiwidjaja, H. Kiippers, Acta Cryst., B32 (1976), p. 1571-1574.
[2] M. Biagini Cingi, C. Guastini, A. Musatti, M. Nardelli, Acta Cryst., B25 (1969),
p. 1833-1840.
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U relativno malobrojnim jedinjenjima koja sadrze hidrogenftalat-jone (Hpht) ovi joni
najceS¢e nisu koordinirani, nego grade slojeve izmedu [M(H,0)s]™ jedinki, gde je M
prelazni element. Ipak, poznati su po jedan kompleks Ni(II) i Cu(Il) u kojima je Hpht
koordiniran kao monodentatni, odnosno helatni ligand [1,2]. Jedinjenje opisano u ovom
radu predstavlja prvi primer kompleksa sa mostovnom ulogom jonizovane COO-grupe iz
Hpht-jona. Na ratun ovakvog ponaSanja stvaraju se centrosimetriéni dimeri formule
[Coy(Hpht)y(phen)y], gde je phen=1,10-fenantrolin. Joni Co(Il) imaju relativno pravilnu
oktaedarsku geometriju i okruZeni su sa 4 atoma N iz dva phen liganda i 2 atoma O iz dva
Hpht-jona. Veze Co-N su duze od veza Co-O. U jedini¢noj ¢eliji se nalaze jo¥ dva Hpht-
Jjona kao joni suprotnog naelektrisanja i dva molekula vode.

U sistemu vodoni¢nih veza koji uti¢e na pakovanje u reSetki uéestvuju koordinirani i
nekoordinirani Hpht-joni i molekuli vode. U nekoordiniranom Hpht-jonu nadena je kratka
[2.391(5) Al, intramolekulska vodoni¢na veza izmedu COO- i COOH-grupe, sto je takode
karakteristika ovakvih jedinjenja. Mada vodonik nije simetri¢no rasporeden, kao u nekim
drugim jedinjenjima, duzine C-O veza su sli¢ne, tako da se ne mogu jasno razlikovati
COO- i COOH-grupa. Jedan od uzroka mogu biti i velike termalne vibracije atoma O, jer je
nekoordinirani Hpht-jon vezan samo jednom vodoni¢nom vezom i to sa molekulom H,O.
Kristalografski podaci: formula [Co,(Hpht),(phen),](Hpht),-2H,0, M, = 1535,19, triklini¢ni
sistem, prostorna grupa P11, a=11,611(2), b=12,140(7), c=13,584(4)A, o =110,13(4),
B=97,6212), y=94,56(4)°, V=17657(12) A’, Z=1, F(000)=790, p,=144 gcm?,
1(Mo Kar) = 0,55 mm™, 7685 nezavisnih refleksija, R = 4,91 % za 4799 opaZenih reflesija
sa I>20(I), R,>=11,93 % (utalnjavanje je vr§eno pomocu F>) za sve refleksije i 503
utaénjavana parametra, (4/0)max = 0,001, (Ap)max = 0,310 € A”, (Ap)min = —0,281 ¢ A,

[1] G. Adiwidjaja, H. Kiippers, Acta Cryst., B32 (1976), str. 1571-1574.
[2] M. Biagini Cingi, C. Guastini, A. Musatti, M. Nardelli, Acta Cryst., B25 (1969),
str. 1833-1840.
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Two Co(II) complexes containing anions of pyromellitic acid (Hypyr, C;oHgOs):
[Co(H,0)s](Hypyr) and [Co(H20)5][Co(pyr)(H,0)4]-7.36H,0 were published earlier [1,2].
Pink tiny rods of the title compound were obtained during attempts to grow a mixed ligand
complex with 2,2°-bipyridine and pyr

Crystal data: Naz[CO(Hzo)ﬁ](CmI‘L;Og)‘) 4H,0, M, = 789.34, monoclinic, space group C2/m
a=7.32004), b=20.150(5), c =10.448(3) A, B=103.33(4)° V= 1499(1) A?,
F(000) = 810, p, = 1.748 g cm™, p(Mo Kar) = 0.71 mm™, R = 0.045, R, = 0.121 (F> used in
LS refinement) for 1807 independent reflections, 1549 observed with F,>240(F,), 145
parameters, (AP)max = 0.91, (AP)min = =0.30, (A/C)max = 0.10 € A7,

The structure consists of [Co(H20)6]2+ and Na* cations, C10H4ng‘ anions and water of
crystallization. The octahedral hexaaquacobalt(IT) cations are situated with Co(Il) at the
inversion center (000); one pair of O atoms related to each other by inversion center are on
the twofold axis and two other paires are on the mirror plane. The octahedron around Co(ID)
is not much distorted: two angles are 85.13(11), two are 94.87(11) and the rest are 90°; Co-
O distances are 2.055(2) (2x), 2.112(3) (2x) and 2.117(2) (2x) A. The shortest distance is
to the O atoms on the twofold axis. Two of O atoms from Co environment are also close to
Na" cation. The sodium cations lie on the mirror plane too. They are six-coordinated to
oxygens of water molecules with two shorter (2.271(2) A, 2x) and four (2.461(4), 2.506(3),
2.562(4) and 2.578(3) A) longer Na-O contacts. The dihydrogen pyromellitate anions are
positioned with the two non-substituted ring C-atoms on the twofold axis. Therefore, only
one half of anion belongs to the asymmetric unit. In addition, all pairs of atoms (2 pairs of O
and 3 pairs of C atoms) in asymmetric unit have practically the same x and z coordinate and
are differing only in y. Thus, the whole anion is almost completely planar. Cations and
anions are linked together by hydrogen bonds.

(11D. L. Ward, D. C. Luehrs, Acta Cryst., C39 (1983), p. 1370-1372.
[2] D. Poleti, Lj. Karanovi¢, Acta Cryst., C45 (1989), p. 1716-1718.
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U literaturi su opisane strukture dva Co(II) komleksa koji sadrZe anjone piromelitne kiseline
(Hapyr, CioHsOg): [Co(H,0)sl(Hapyr) i [Co(H,0)sl[Co(pyr)(H0):]-7.36H,0 [1,2]. U
pokusaju da se sintetiSe meSoviti kompleks liganda sa 2,2’-bipiridinom 1 pyr4‘ dobijeni su
ruzicasti, Stapicasti do iglicasti kristali kompleksa, €iji su kristalografski podaci dati u
nastavku.

Kristalografski podaci: Nay[Co(H;0)6](C10H405),-4H,0, M, =789,34, monoklini¢an,
prostorna grupa C2/m, a=7,320(4), b=20,150(5), c=10,448(3) A, B=103,334)°
V=1499(1)A®, Z=2, F(000)=810, p,=1748gcm™>, Mo Ka)=0,71 mm™,
R =0,045, R,, = 0,121 (za utaénjavanje su koris¢eni F?) za 1807 nezavisnih refleksija, 1549
sa F,240(F,), 145 parametara, (Ap)max = 0,90, (4P)min = 0,24, (A/0)max = 0,09 € .

Struktura se sastoji od [Co(H,0)]** i Na* katjona, C;0H,Os" anjona i kristalne vode.
Oktaedarski heksaakvakobalt(II) katjoni su smeSteni sa Co(II) u centru inverzije u (000);
jedan par O atoma, medusobno povezanih centrom inverzije, nalazi se na osi drugog reda, a
druga dva para leze u ravni simetrije. Oktaedar oko Co(II) nije mnogo deformisan: dva ugla
su 85,13(11) i dva 94,87(11)°, a ostali su 90°; rastojanja Co-O su 2,055(2) (2x), 2,112(3)
(2x) i 2,117(2) (2x) A. Najkrace rastojanje je ono sa O atomima na osi drugog reda. Dva O
atoma iz Co-okruzenja nalaze se i u blizini Na'-jona. Natrijum-joni takode leze u ravni
simetrije. Oko svakog Na* nalazi se 6 kiseonika iz molekula vode sa dva kra¢a (2,269(2) A,
2x) i &etiri (2,460(3), 2,503(3), 2,561(4) i 2,575(3) A) duza Na-O kontakta. Anjoni
dihidrogenpiromelitata postavljeni su tako da osa drugog reda prolazi kroz dva
nesupstituisana C-atoma iz aromati¢nog prstena. Zbog toga samo jedna polovina anjona
pripada asimetri¢noj jedinici. Pored toga svi parovi atoma (2 para O i 3 para C atoma) iz
asimetri¢ne jedinice imaju gotovo identi¢ne x i z koordinate, pa se razlikuju samo po y.
Zbog toga je ceo anjon skoro potpuno planaran. Katjoni i anjoni povezani su vodoni¢nim
vezama.

[1] D: L. Ward, D. C. Luehrs, Acta Cryst., C39 (1983), p. 1370-1372.
[2] D. Poleti, Lj. Karanovi¢, Acta Cryst., C45 (1989), p. 1716-1718.
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The solid solutions (Al Fe, )(H,0)(NO3);-3H,0 were crystallized from the aqueous
solutions of varying molar ratios of the initial components Al and Fe nitrate nonahidrate [LJ
Since initial components are isostructural and form the solid solutions of the ion
substitution type, the basic aim of the structural study is the the determination of the
occupation of the special positions a(0,0,0) and d(0.5,0,0.5) of the space group P2;/c (in
which the compound crystallizes) by the ions Fe and Al The ion distribution can indicate
to the relation between the structure and magnetic properties of the materials studied.

The sample for x=0.5 was recorder at the automatic powder diffractometer PHILIPS, using
CuKo radiation in the range 26 from 5° to 120° with the step 0.02° iand exposition 2 s.
Experimentally obtained diffraction profiles were refined by the program FULLPROF [2].
The initial data were taken from previously refined structure of the monocrystal
(AlgsFeq.5)(H20)6(NO;3)3:3H,0 [3]. The powder pattern indicates to the presence of the
amorphous component. Background was successfully modelled by the fifth order
polinomial. The best refinment results were obtained for the angle range 26 from 10° to 70°.
This approximation can be introduced since the measured peaks at larger angles do not
differ substantially from the background. Several refinment attempts were performed with
different regimes. During the final phase of the refinment, the occupation factors were
introduced, which were coupled to satisfy the stechiometric ration. We compared the
obtained values K,(Fe)=0.1678(6), Kq(Fe)=0.3321(6) with the values for the monocrystal
K, (Fe)=0.074(2) , Ky4(Fe)=0.246(2) [3]. The differences in the occupation can be attributed
to the powder method which registers the averaged concentrations of the powder sample
contrary to the monocrystal which due to the inhomogeneity of the solid solution can show
substantial deviations from the given concentrations. Powder analysis method has confirmed
the preferential positioning of Fe - ion into the special position d.

[1] A. Mihailovi¢, S. Raki¢, A. Kapor, Review of Research, Faculty of Sciences, Physics
Series,Novi Sad, 26 (1996) , p. 62-69

[2] Rodriguez-Carvajal, J., “FULLPROF: A Program for Reitveld Refinement and Pattern
Matching Analysis”, Abstract of the Satelite Meeting on Powder Diffraction of the XV
Congress of the IUCr, Toulouse, France (1990), p. 127

[3] M. Vueini¢, A. Kapor, N. Furmanova, VI Conference of the Serbian Crystalographic
Society, Book of Apstracts, (1997), p. 34-35



45

UTACNJAVANJE KRISTALNE STRUKTURE
(AlsFeo,5)(H20)6(NO3)3-3H,0
I1Z DIFRAKCIONIH PODATAKA PRAHA

M. Vuiini¢ ?, S. Raki¢ *, A. Kapor °, D. Rodi¢ "

¢ Institut za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg
D. Obradoviéa 4, 21000 Novi Sad, ® Institut za nuklearne nauke “Vinca”, p.p. 522,
11001 Beograd, e-mail: mimica@unsim. ns.ac.yu :

Predmet istrazivanja su &vrsti rastvori tipa (Al Fe, )(H,0)s(NO3);-3H,0. Cvrsti rastvori su
iskristalisani iz vodenih rastvora razli¢itth molarnih odnosa polaznih komponenti Al i Fe
nitrata nonahidrata [1]. Ove polazne komponente su izostrukturne i formiraju cvrste
rastvore tipa jonske zamene. Osnovni cilj ispitivanja strukture je odredjivanje okupacije
specijalnih polozaja, a(0,0,0) i d(0,5, O, 0,5) prostorne grupe P2,/c u kojoj jedinjenje
kristaliSe, jonima Fe i Al. Distribucija jona moze ukazati na vezu izmedu strukture i
magnetnih osobina ispitivanih materijala.

Podaci za uzorak sa x=0,5 je snimljen na automatskom difraktometru za prah PHILIPS,
koriste¢i CuKa zracenje u intervalu 26 od 5° do 120° sa korakom 0,02° i ekspozicijom 2 s.
Eksperimentalno dobijeni difrakcioni profili uta¢njeni su programom FULLPROF [2].
Polazni podaci su preuzeti iz ranije utanjene strukture monokristala (AlgsFeqs)
(H,0)6(NO3)3-3H,0 [3]. Difraktogram praha ukazuje na prisustvo amorfne komponente.
Fon je uspe$no modeliran polinomom petog reda. Najbolji razultati utaénjavanja dobijeni su
za ugaoni interval 20 od 10° do 70°. Ovu aproksimaciju mozemo uvesti s obzirom da se
mereni maksimumi na ve¢im uglovima ne izdvajaju znacajno iz fona. IzvrSeno je vise
poku3aja uta¢njavanja sa razli¢itim rezimima. U zavr$noj fazi utanjavanja ukljuceni su i
okupacioni faktori, koji su spregnuti da zadovolje stehiometrijski odnos. Dobijene su
vrednosti  K,(Fe)=0,1678(6), Ky(Fe)=0,3321(6) naspram vrednosti za monokristal
K.(Fe)=0,074(2), K4(Fe)=0,246(2) [3]. Razlike u okupaciji mogu se pripisati metodi praha
koja registruje usrednjene koncentracije praskastog uzorka za razliku od rezultata za
monokristal, koji zbog nehomogenosti ¢vrstog rastvora mogu pokazati znacajnije
odstupanje od zadate koncentracije. Metoda analize praha potvrdila je preferentno
smestanje jona Fe u specijalni polozaj d.

[1] A. Mihailovié, S. Rakié¢, A. Kapor, Review of Research, Faculty of Sciences, Physics
Series, Novi Sad, 26 (1996), str 62-69.

[2] Rodriguez-Carvajal, J., “FULLPROF: A Program for Reitveld Refinement and Pattern
Matching Analysis”, Abstract of the Satelite Meeting on Powder Diffraction of the XV
Congress of the IUCr, Toulouse, France (1990), str. 127.

[3] M. Vugini¢, A. Kapor, N. Furmanova, VI Conference of the Serbian Crystalographic
Society, Book of Apstracts (1997), str. 34-35.
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The samples Tm,Y,,0; (x= 0.1; 0.2; 0.4; 0.6; 1; 1.4; 1.8; 2) were obtained by deposition
method. The oxides Tm,O; and Y,0; were mixed in appropriate stoichiometric ratio and
dissolved in hot concentrate nitric acid. The solution was treated with ammonium hydroxide
and the deposition was washed and fired at 1500 K for 12 hours.

Diffraction patterns were taken in 20 region 18°-115°, with 0.02° step and exposition of 5 s
per step. The structures were refined by the full profile Rietveld's method, by using software
package FULLPROF. The ionic scattering factors were used in the refinements. Oxides,
mentioned above, crystallise in the bixbyite structure type in the space group Ia3 where Tm
and Y ions occupy octahedral 8b and 24d and oxygen occupies general 48e position.

No preferential distribution among Tm and Y ions was found. The unit cell parameters
satisfy Vegard's rule: a= A+ Bx, where A=10.6038(8) and B=-0.001 12(1). A corresponds to
the cell parameter of Y,0; (x=0), and B is proportional to the difference of ionic radii.
Cation distribution determination is important for explanation of results obtained from the
magnetic measurements.
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Uzorci Tm, Y503 (x= 0,1; 0,2; 0,4; 0,6; 1; 1,4; 1,8; 2) dobijeni su taloZnom metodom.
Polazni oksidi Tm,03 i Y,0; su u odgovarajuéem odnosu pomesani i rastvoreni u vrucoj
azotnoj kiselini, a zatim tretirani amonijum-hidroksidom. Ovako dobijen talog je ispran i
Zaren na 1500 K u toku 12 sati.

Snimanje je radeno na difraktometru za polikristale PHILIPS sa CuK, zrafenjem i Ni
filterom u rasponu 18°-115° 26 sa korakom 0.02° i vremenom ekspozicije 5 s po koraku.
Analiza difraktograma radena je Ritveldovom profilnom metodom pomoéu programskog
paketa FULLPROF koristeci jonske faktore rasejanja. Pomenuti meSoviti oksidi kristali§u u
strukturnom tipu biksbita, prostorna grupa la3, pri ¢emu joni TmiY zauzimaju oktaedarske
8b i 24d polozaje, dok se kiseonik nalazi u 48e opstem polozaju.

Nadeno je da je katjonska raspodela Y i Tm jona, koji ulaze u iste kristalografske poloZzaje,
slu¢ajna. Konstanta reSetke se u zavisnosti od koncentracije Tm jona menja saglasno
Vegardovom pravilu: a= A+ Bx, gde je A=10,6038(8) i B=-0,00112(1). A odgovara
kostanti reSetke €istog Y,0; (x=0), dok je B koeficijent proporcionalan razlici jonskih
radijusa Y i Tm jona. Odredivanje katjonske raspodele znacajno je za objas$njenje rezultata
magnetnih merenja.
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During our previous study of conditions for preparation of y-Bi,O; in binary systems [1] the
coexistence of two y-Bi,O3; phases has been found in some samples. Therefore, it was
decided to extend investigation to the ternary systems. Because of very different ionic radii
(from 0.26 to 0.65 A), Si, Ti, Zn and Pb were chosen as elements that stabilize structure of
Y-phase. All examined systems have the general formula 12Bi,05-M! O, MZO M', M? = Si,
Ti, Zn, Pb; M' = M?). After homogemzatlon in agate mortar, the samples are heated at 690-
800°C in the 1.5-6 h interval. The transformation was followed by X-ray powder
diffraction method.

Very different behavior of samples was found during thermal treatment. For some systems
(e.g. 12Bi;03-S10,-Zn0 and 12Bi,05-Si0,-PbO) the reaction is finished in one step - two -
phases occured at the first applied temperature. The opposite extreme is the system
12Bi1,05:S10,-TiO,, where even three y-phases appeared during thermal treatment, one of
which is a “pure” y-Bi,Os3. The expected monophase system was not obtained until 800 °C.
The final thermal treatment and unit cell parameters of synthesized y-Bi,O; phases are
shown in the following table.

Synthetic conditions: ¥-Bi,0; unit cell
System temperature (°C)/ parameter
time (h) A)

12Bi,0;-Si0,-TiO, 800/3 10.1500(3)
12Bi,05-Si0,-Zn0O 690/1,5 10.112(3); 10.199(2)
12Bi,0;-Si0,-PbO 690/1,5 10.113(3); 10.256(3)
12Bi,05:Ti0,-ZnO 75073 10.1967(7)
12Bi,0;-TiO,-PbO 750/6 10.2124(6); 10.2682(1)
12Bi,05-Zn0O-PbO 690/3 10.2384(5)

It was found that ions of similar ionic radius produce only one y-phase with unit cell
parameter near to the mean value of the corresponding binary phases. In systems with ions
of very different radii two y-phases were obtained. In such cases unit cell parameters agree
with those in binary systems.

[1] D. Poleti, Lj. Karanovi¢, J. Petrovi¢, VI Conference of the Serbian Crystallographic
Society, Abstracts, Belgrade, 1997, p. 69.
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Tokom ispitivanja uslova za sintezu y-Bi,O; u binarnim sistemima [1] u nekim uzorcima je
primecena istovremena pojava dve y-Bi,05 faze. To je dalo ideju da se ispitivanje prosiri i
na ternerne sisteme. Zbog toga Sto grade jone veoma razli¢itog radijusa (od 0,26 do 0,65
A), kao elementi koji stabilizuju strukturu y-faze izabrani su Si, Ti, Zn i Pb. Sva ispitivanja
su vrSena na sistemu opSte formule 12Bi,O5- M O, M 504 (M1 M2—81 Ti, Zn, Pb;
M' = M?). Posle homogenizacije u ahatnom avanu uzorci su zagrevani na 690--800 °C u
vremenu od 1,5 do 6 h, a razvoj kristalnih faza prac¢en je rendgenskom difrakcijom sa
polikristalnih uzoraka.

Uoceno je vrlo razliCito ponaSanje uzoraka tokom Zzarenja. Kod nekih sistema (npr.
12Bi,05-S10,-Zn0O i 12Bi,05-Si0,-PbO) reakcija se odigrava u jednom koraku i ve¢ na
pocetnoj temperaturi dobija se dvofazni sistem. Drugu krajnost predstavlja sistem
12Bi1,04-S10,:TiO,, gde se tokom Zarenja pojavljuju ¢ak tri y-faze, od kojih jedna odgovara
,»Cistom” y-BiyO3. Tek na 800 °C dobijen je ocekivani monofazni uzorak. Krajnji uslovi
sinteze i parametri jedini¢ne ¢elije y-Bi,O; prikazani su u sledecoj tabeli.

Uslovi sinteze: 5 7w
Parametri Celije

Sistem temr\),:j;l:?h() C)/ +Bi,0s (A)
12Bi,05-Si0,-TiO, 800/3 10,1500(3)
12Bi,05-Si0,-Zn0 690/1,5 10,112(3); 10,199(2)
12Bi,05-Si0,-PbO 690/1,5 10,113(3); 10,256(3)
12Bi,05-Ti0,-Zn0O 750/3 10,1967(7)
12Bi,0;-TiO,-PbO 750/6 10,2124(6); 10,2682(1)
12Bi,05-Zn0O-PbO 690/3 10,2384(5)

Zakljuceno je da joni sliéne velic¢ine grade jedinstvenu y-fazu, Ciji je parametar celije
priblizno aritmeticka sredina parametara ¢elije odgovaraju¢ih binarnih faza. Kod sistema
koji sadrZe jone znatno razli€itih radijusa dobijene su dve y-faze. U takvim sluc¢ajevima
parametri reSetke pojedinaénih faza bliski su parametrima reSetke u ranije sintetizovanim
binarnim sistemima.

[1]D. Poleti, Lj. Karanovi¢, J. Petrovi¢, VI konferencija srpskog kristalografskog drustva,
Izvodi radova, Beograd, 1997, str. 69.
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Zinc oxide, bismuth oxide and complex zinc-antimony based spinels (Sp) are main phase
constituents of zinc oxide varistor ceramics. There is a great number of methods for varistor
preparation and one of them recently developed is “the method of directed synthesis of the
constituent phases”. This method is based on reaction sintering of a mixture of the
separately prepared constituent phases. So far, ¥-Bi;O3; and spinel phases have been
prepared by the conventional ceramic procedure.

In this work, the possibility of mechanochemical synthesis of y-Bi,O; and complex zinc-
antimony Sp from corresponding oxides is presented. Six powder mixtures were prepared
(Table 1). The chemical compositions of them were identical to the compositions of
previously prepared mixtures for classical treatment. The mixtures were intensively milled 5
hours in planetary ball mill under the following conditions: air atmosphere, steel vials (500
cm’), steel balls (d=13.4 mm), ball to powder weight ratio =33:1, basic disk rotation speed
317 min”, disc with vials rotation speed 396 min”'. Phase composition of the products
(Table 1) was determined by X-ray powder diffraction analysis using CuKa radiation.

Table 1. X-ray powder diffraction analysis of mechanochemically treated samples.

Nominal composition of initial Phase composition of milled samples and
mixtures lattice parameters of the main phase (A)
6Bi,05-PbO v-Bi,05 [10.246(1)]
6Bi,05-Zn0O v-Bi,05 [10.210(1)]
6Bi1,05-Si0, v-Bi,05 [10.148(1)]
Zn;, 33Sbg 6704 Sp [8.579(2)] + ZnO
an'oocro_5osb0.5()04 Sp (?) + Zn0 + Cr203
Zn; 99N 09C00,03Cr0 25Mng 09Sbg 5504 Sp [8.551(4)] + Cr,0; + Fe

The pure y-Bi,O3 phase was obtained in all cases and their lattice parameters (except for
6Bi,0;5-Si0,) are close to the corresponding values for phases prepared by conventional
procedure. Treatment of Sp samples does not results in the pure phase. Depending on
composition, some ZnO or Cr,0; remains unreacted. Spinel samples are of lower
crystallinity than conventionally prepared samples and than y-Bi,O; obtained by both,
classical and mechanochemical treatment.
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Cink-oksid, bizmut-oksid i kompleksni cink-antimonski spineli (Sp) predstavljaju osnovne
fazne konstituente cink-oksidne varistorske keramike. Postoji veliki broj metoda za sintezu
ZnO varistora, a jedna od najnovijih je ,,metoda dirigovane sinteze konstitutivnih faza”.
Ova metoda se zasniva na zasebnoj sintezi svake od tri osnovne faze, a sam varistor se
dobija sinterovanjem sme$e ovih faza. Do sada su bizmut-oksidna i spmelska faza
pripremane klasi¢nim kerami¢kim postupkom.

U ovom radu ispitivana je mogu¢nost mehanohemijske sinteze ¥-Bi,0; i kompleksnih cink-
antimonskih spinela polaze¢i od smese odgovarajuéih oksida. Pripremljeno je Sest polaznih
sme3a oksida (tabela 1), Ciji je sastav odgovarao sastavu ranije kori¥¢enih smesa za sintezu
klasi¢nim postupkom. Smese prahova su intenzivno mlevene 5 h u planetarnom mlinu pod
sledec¢im uslovima: atmosfera vazduha, ¢eli¢ne posude (500 cm?), &eli¢ne ku011ce (d=13,4
mm), odnos mase praha i mase kuglica =1:33, rotacija osnovnog diska 317 min™' , rotacija
diska sa posudama 396 min’'. Fazni sastav proizvoda (tabela 1) odreden je metodom
rendgenske difrakcije sa pollkrlstalmh uzoraka.

Tabela 1. Rezultati rendgenske difraktometrijske analize mehanohemijski tretiranih
' uzoraka.

Fazni sastav mlevenih uzoraka i parametar

Nominalni sastav polazne smeSe pe
celije osnovne faze (A)

6Bi,0;-PbO v-Bi,05 [10,246(1)]
6Bi,0;-Zn0O v-Bi,0; [10,210(1)]
6Bi,05-Si0, ¥-Bi,05 [10,148(1)]
Zn2‘33Sb0,67O4 Sp [8,579(2)] +7Zn0O
Zl’lz‘ooCI'oy5OSb0.5()O4 Sp (‘7) + 7Zn0 + CI‘203
ZI]]»99Ni0y09C00103CI’0,ZSMno‘()ngojsO;; Sp [8,55 1 (4)] + Cl‘gOg + Fe

Pod datim uslovima mlevenja dobijaju se &iste y-Bi,O; faze sa parametrima resetke koji su,
osim kod 6Bi,05-Si0,, bliski odgovarajuéim vrednostima kod faza dobijenih klasi¢nim
postupkom. Pri sintezi Sp ne dobijaju se €iste faze, veé¢ u zavisnosti od sastava zaostaju
neproreagovani ZnO ili Cr,03. Poredenjem difraktograma uocava se da su uzorci Sp mnogo
nizeg stepena kristalini¢nosti u odnosu na uzorke dobijene klasi¢nim postupkom, a i u
odnosu na uzorke y-Bi,03 dobijene u oba postupka.
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Recently published results on synthesis of MAISiO,4 (M=Li, Na, K, Rb, Cs i Ag) compounds
[1] point to the synthetic zeolite LTA as an excellent precursor for obtaining novel
aluminosilicate and oxide ceramics. New aluminosilicate phases such as: y and 8-eucryptite
[2,3], Ag-carnegieite [4] and others, have been.synthesized by using zeolite thermally
induced transformation (ZTIT) route on cation exchan;;éd LTA and other zeolites.

Titled KAISiO4 polymorh was synthesized by using ZTIT route from K-LTA zeolite at
1000°C. With prolonged annealing of kalsilite-P3 phase a several phase transitions were
observed: kalsilite-P3 — kalsilite-P6; — KAISiO4-O;— KAISiO4-ANA — KAISiO4-0,, in
the temperature range between 1000 and 1450°C [S]. Moreover, synthesized kalsilite-P3
phase is characterised by occurrence of double reversible transition phenomena with
kalsilite-P65 phase between 700 and 1100°C, what was confirmed by DSC thermal analysis,
as well.

The crystal structure of new kalsilite polymorph was solved from XRPD data by using
Rietveld method. The structure was refined in the trigonal symmetry: a;=5.1973(1) A and
co=4.2921(1) A; space group P3 (143). Final refinements converged with the error indices
Rp=7.45 % and Rwp=10.81 %, respectively. Basic tridymite framework topology of TO,
(T=Si, Al) tetrahedra in the D6R building units was confirmed. Calculated interatomic
distances T-O suggest complete order of framework cations which is consistent to *’Si
(chemical shift at —88.15 ppm) and *’Al (chemical shift at 64.98 ppm) MAS NMR
spectroscopic observations. The increasing of average interatomic distances K-0=3.0047 A
at kalsilite-P3 phase in relation to kalsilite-P6; (K-0=2.9720 A) suggest an co-elastic
character of kalsilite-P3<«kalsilite-P6; phase transition.

[1] V. Dondur, N. Petranovi¢ and R. Dimitrijevi¢c, Mat. Sci. Forum, 214 (1996), 91-98.
[2] V. Dondur and R. Dimitrijevi¢, J.Solid State Chem., 63 (1986), 46-51.

[3]J. Newsam, J.Phys.Chem., 92 (1988) 445-452.

[4] N. Petranovi¢ and R. Dimitrijevi¢, Thermochimica Acta, 84 (1985), 227-237.

[5] R. Dimitrijevi¢ and V. Dondur, J.Solid State Chem., 115 (1995), 214-224.
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Nedavno publikovani podaci o sintezi MAISiO, (M=Li, Na, K, Rb, Cs i Ag) jedinjenja [1],
pokazali su da je sinteticki zeolit tipa LTA, odli¢an polazni materijal za dobijanje novih
alumosilikatnih i oksidnih keramika. Novi alumosilikatni materijali: y i 8-eukriptit [2,3],
Ag-karnegit [4] i drugi, sintetizovani su postupkom termalno indukovane fazne
transformacije (ZTIT) katjonski izmenjenog LTA i drugih zeolita.

Kalsilitski (KAISiOy4) polimorf je dobijen postupkom ZTIT iz K-LTA zeohta na 1000° C,

pri ¢emu je sa porastom temperature do oko 1450° C zapaZen niz faznih transformacija:
kalsilit-P3 — kalsilit-P6; — KAISiO,-O,— KAISiO;-ANA — KAISiO,-0, [5]. Pored toga,
sintetizovanu KAISiO,-P3 fazu karakteriSe dvostruka reverzibilna transformacija: KAISiO,-
P3 <> KAISiO4-P6; u temperaturnom intervalu izmedu 700 i 1100° C, 3to je potvrdeno i
DSC merenjima.

Kristalna struktura diskutovanog kalsilitskog polimorfa redena je iz podataka dobijenih
difrakcijom rendgenskih zraka sa polikristalnog uzorka, primenom Rietveld-ove metode.
Struktura ovog do sada nepoznatog KAISiO; polimorfa, utatnjena je u prostornoj grupi P3
(143), pri ¢emu su dimenzije jedini¢ne celije: ag=5,1973(1) A i cy=4,2921(1) A. Finalni
faktori slaganja sa vrednostima R=741% i R,,;,=10,81%, povrdili su bazi¢ni tridimitski
topolo3ki razmestaj TO, (T=Si, Al) tetraedara u okviru D6R tetraedarskih prstenova.
Izradunata meduatomska rastOJanJa T-O ukazuju na kompletnu uredenost mreznih katjona,
§to je saglasno sa rezultatima *°Si (maksimum na —88.15 ppm) i ”’Al (maksimum na 64.98
ppm) MAS NMR spektroskopsklh merenja. Pove¢ana srednja vrednost duzine
meduatomskog rastojanja K-0=3,0047 A, u odnosu na standardni kalsilit (prostorna grupa
P6;) K-0=2,9721 A, ukazuje na koelasti¢ni karakter faznog prelaza kalsilit-P3<«kalsilit-
P6;.

[1]1 V. Dondur, N. Petranovi¢ and R. Dimitrijevi¢, Mat. Sci. Forum, 214 (1996), 91-98.
[2] V. Dondur and R. D1m1trljev1c J.Solid State Chem., 63 (1986), 46-51.

[3] J. Newsam, J.Phys.Chem., 92 (1988), 445-452.

[4] N. Petranovi¢ and R. Dimitrijevi¢, Thermochimica Acta, 84 (1985), 227-237.

[5] R. Dimitrijevi¢ and V. Dondur, J.Solid State Chem., 115 (1995), 214-224.
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CaRu,,Cu,0; (x [%] =0, 1, 1.5, 2, 3,5,7, 10, 15, 20, 25) samples were synthesized by
sintering the stoichiometric quantities of CaCO;, CuO and Ru metal powder, at
temperatures 900-1150° C in air. Powder x-ray diffraction measurements of these samples
were performed using Philips 1010 diffractometer and CuKou, radiation, at room
temeperature, within range of 26 from 20° to 80°. The samples are of single phase and
crystallize in perovskite structural type with orthorhombic structure, space group Pnma [1].
At concentrations greater than 15% of Cu diffraction lines of CuO appear. So, it is assumed
that 15% of Cu is solubility limit. Approximately linear increase of lattice parameters a and
b with concentration is found, while ¢ axis parameter decreases. The volume of unit cell
increases with concentration. ]

X-ray diffraction data were refined using full profile Rietveld method with Fullprof program
package. Within space group Pnma, Ru and Cu atoms occupy 4b positions, Ca atoms
occupy 4c positions, while oxygen atoms are located in general position 8d and position 4c.
Ru(Cu) atoms are octahedrally coordinated with six oxygen atoms. Ca atoms are
coordinated with eight oxygen atoms, which form very distorted cube. The oxygen atom in
position 8d is coordinated with 2 Ru(Cu) atoms and 4 Ca atoms, while the oxygen atom in
position 4c is coordinated with 2 Ru(Cu) and 3 Ca atoms.

CaRuO; is a paramagnetic conductor with the narrow itinerant band composed of Ru: ty,
and O: 2p orbitals [2, 3]. Chemical doping effectively reduces the number of charge carriers
in the itinerant band, which leads to localization of charge carriers and metal to insulator
transition.

[1] W. Bensch, Solid State Ionics, 43 (1990), p. 171-177.
[2] P. A. Cox, Journal of Physics C: Solid State Physics, 16 (1983), p. 6221-6239.
[3] G. Santi, Journal of Physics: Condensed Matter, 9 (1997), p. 9563-9584.
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V3opun CaRu;Cu,03 (x [%] = 0; 15 1,5; 2; 3; 5; 7; 10; 15; 20; 25) cy cuHTeTHCaHH
CHHTepOBameM cTexuomeTpujckux koimauHa CaCO;, CuO m meransor ‘mpaxa Ru, npu
temneparypama 900° C - 1150° C y Baznyxy. Ha oBuM y3opuuma Cy M3BpIIeHa peHATeHCKa
Mepema Ha qudpakromerpy Philips 1010 ca CuKay, , 3pauemem, Ha cOOHO) TeMIIEPaTypH, ¥
pacniony 26 ox 20° no 80°. HaleHo je ma cy ysopuu MoHODA3HHM M Ja KPHCTaIUUIy Y
CTPYKTYpHOM THILY IIEPOBCKHUTA-Y OPTOPOMOMIHO]j CTPYKTYpH, IPOCTOpHa rpyna Pnma [1].
IIpu xonuentpamujama Behum o 15% Cu mojaBibyjy ce IMGpPaKIHOHH MaKCUMYMH, KOjU
notuay ox CuO Taxo na ce cMartpa aa je 15% Cu rpanuna pacTBOPJbMBOCTH. Y CTAHOBJHEHO
je Ia KOHCTaHTe pelleTKe a ¥ b NpUOIMKHO IHHEApHO pacTy ca KoHmeHTpanujoM Cu, 0K
c omazia. 3anpeMuHa eleMeHTapHe hienuje pacTe ca KOHI[CHTPAIHjOM.

[Momamm ca penjarencke audpakiyje yradmaBaHu cy IyHUM npodminum Rietveld-oBum
MetozioM y3 nomoh mporpamckor makera Fullprof. ¥ mpocropnoj rpynu Pnma, Ru u Cu
aroMu 3ay3umajy 4b momoxaje, Ca aroMu 3ay3uMmajy 4c IOlIOXaje, JIOK C€ aTOMH
KHCEOHHMKA Hajla3e y OImireM rojioxajy 8d u noioxajy 4c. Ru(Cu) aTomMu cy okTaeqapcku
KOOP/IMHHMCAHM Ca IIeCT aToMa kuceonuka. AtoMu Ca Cy KOOpIHHHCAHH ca 0CaM aToMa
KHCEOHHKa, KOju Tpaje Bpio nedopmucaHy kouky. Kuceonmkos arom y monoxajy 8d
koopaunucan je ca 2 Ru(Cu) u 4 Ca aroma, JOK je KHCEOHHKOB aTOM Yy IIOJOXajy 4c
koopauaucaH ca 2 Ru(Cu) u 3 Ca aroma.

CaRuOj; Kao mapaMarHeTHH IPOBOJHHMK HMa YCKY IIPOBOJIHY 30HY cacTaBibeHy ol Ru: t,
O: 2p opbutana [2, 3]. XemujckuM JomnupameM ce eeKTHBHO cMamyje Opoj Hocmiala
HaelleKTpUcarma Yy [pPOBOJAHO] 30HM, INTO JOBOAM JO JIOKaIM3alMje HOCHIala
HaeJIeKTpUCamha U MeTall-|u30J1aTop IpeJiasa.

[1] W. Bensch, Solid State Ionics, 43 (1990), ctp. 171-177.
[2] P. A. Cox, Journal of Physics C: Solid State Physics, 16 (1983), ctp. 6221-6239.
[3]1 G. Santi, Journal of Physics: Condensed Matter, 9 (1997), ctp. 9563-9584.
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Freeze-drying, as a cryochemical powders processing method, has been used for synthesis
of various powders. Recently this method became important in synthesis of an ultrafine
(nanostructured), homogeneous powders with complex crystal structures and controlled
characteristics. That was the reason why we took advantages of freeze-drying method for
obtaining nanostructured zinc-oxide powders. The precursor salt for synthesis of zinc-oxide
was Zn(NOs3), - 6H,0. The experimental procedure was described elsewhere [1].

A detailed analysis of average crystallite shapes and sizes, microstrains and stacking faults
of zinc-oxide powders obtained at 548 K and 898 K has been performed [2]. The pattern
decomposition method was applied for line-profile analysis, while Williamson-Hall and
Fourier methods were used for evaluation of microstructural parameters.

Also, the evolution of apparent volume crystallite size distributions of both powders were
examined and certain modification of crystallite size distributions has been established.
Namely, shape and width of distributions have been preserved during initial stage of
sintering up to 898 K, opposite to the centroids which were shifted towards higher values,
suggested on general growth of crystallites with increase of temperature.

[1] N. Nikoli¢, Z. Zakula, B. A. Marinkovi¢, O. Milo3evié, (in preparation).
[2] B. A. Marinkovié, Z. Zakula, S. Duri¢, N. Nikoli¢, O. Milosevi¢, M. M. Risti¢,
submitted to Mat. Sci. Forum (1998).
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Metoda sublimacionog su$enja kori$¢ena je ranije za dobijanje razli¢itih prahova. Medutim,
tek nedavno je dobila puni znacaj u sintezi nanostrukturnih, homogenih prahova, sloZenih
kristalnih struktura i kontrolisanih karakteristika.

Kao prekursorska so za sintezu cink-oksida koris¢en je Zn(NOs), - 6H,O. Eksperimentalna
procedura je detaljno opisana ranije [1]. Dalje su analizirani prahovi cink-oksida dobijeni
na temperaturama od 548 K i 898 K.

Metoda dekompozicije difraktograma kori§¢ena je kao metoda za analizu difrakcionih
linija, dok su Viliamson-Halova i Furierova metoda kori§¢ene za odredivanje srednje
veli¢ine kristalita, prose¢nog oblika kristalita, mikronapona i nepravilnog slaganja slojeva
[2].

Takode je ispitivana promena distribucije veli¢ina kristalita. Utvrdena je promena centra
distribucije ka ve¢im vrednostima kristalita sa povec¢avanjem temperature, $to ukazuje na
rast kristalita kao posledice poetnog stadijuma sinterovanja.

[1] N. Nikoli¢, Z. Zakula, B. A. Marinkovi¢, O. Miloevi¢, (in preparation)
[2] B. A. Marinkovi¢, Z. Zakula, S. Puri¢, N. Nikoli¢, O. Milosevi¢, M. M. Risti¢,
submitted to Mat. Sci. Forum (1998).
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New non-covalent intermolecular fullerene system containing discrete Cg and alcohol
molecules have been prepared from the saturated solutions of fullerene in toluene with
ethanol, methanol and isopropanol [1].

The formation of intercalates with alcohols R-OHcCy, (R=C;-C;) has not been described in
the literature yet. Pure intercalates R-OHcCgy were obtained in the direct synthesis of Cy in
toluene with R-OH (methanol, ethanol and isopropanol). UV and IR spectra of C,Hs-
OHcCy and C3H,-OHcCy showed no change compared to the pristine Cgo. However, IR
spectrum of the methanol intercalate contains some additional peaks at 2920 and 3400 em™.
There has also been no change in their diffraction patterns concerning the d-values,
indicating that the compounds are isostructural with Cg. The appearance of a very intensive
dio1 peak in the powder pattern of the methanol derivative indicates that stacking disorder is
probably eliminated, which can be correlated to the additional bands in IR spectrum.
Intermolecular interactions (of the type that exists in supramolccular systems) between Cqo
and alcohol molecules C;-Cj exist because of the specific energy surfaces of Cgo molecule
(the consequence of its electronic, vibrational and rotational properties) and the size,
inductive, spatial and geometrical characteristics of intercalants (alcohols). The size and
shape of the alcohols which form intercalates with Cgo is such that they nicely fit within the
intermolecular distances of Cgy molecules (0.293 nm) in a hexagonal lattice.

[1]. M. Vojinovi¢-Miloradov, D. Lazar, A. Pordevi¢, J. Adamov, V. Dordevié¢-Mili¢, D.
Vujié, J. Odavi¢-Josi¢, . Koruga, J. Molecular Structures, in press (1998).
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U ovom radu su prikazane neke fizicke karakteristike novo sintetisanih nekovalentnih
(interkalatnih) derivata Cgo i molekula alkohola metanola, etanola i izopropanola [1].
Formiranje interkalata sa alkoholima R-OHcCg (R=C,-C3) u toluolskom rastvoru Ceq nije
do sada objavljeno u naucnoj literaturi. Jednostavnim meSanjem zasi¢enog toluolskog
rastvora Cgy sa metanolom, etanolom i izopropanolom respektivno, dolazi do formiranja
precipitata (interkalacionog derivata). UV, . IR spektri i difraktogrami EtOHcCg, i
iPrOHcCg nisu pokazali nikakvu razliku u poredenju sa osnovnim karakteristikama Cg. IR
spektar MeOHcCg sadrzi pored karakteristi¢nih traka za Cgy 1 dve nove trake na 2920 (-
CH,) i 3400 (-OH) cm™. Za razliku od izostrukturnih EtOHcCy 1 iPrOHcCy, difraktogram
praha MeOHcCg, ima veoma intenzivan pik na do, $to ukazuje na promenu uredenosti
osnovnog pakovanja Cey. Ove karakteristike se mogu dovesti u korelaciju sa IR spektrom
MeOHcCy. Intermolekulske interakcije izmedu Cgp i molekula alkohola C;-C; egzistiraju
usled specifi¢ne energetske strukture molekula Cgy (posledica elektronskih, vibracionih i
rotacionih osobina) i karakteristika interkalirajucih alkohola. Dimenzije alkohola koji se
mogu interkalirati su veoma sli¢ne intermolekulskim rastojanjima Cgq u gustom
heksagonskom pakovanju (2,93 A) 3to je od primarnog znataja za formiranje ovakvih
derivata.

[1.] M. Vojinovi¢-Miloradov, D. Lazar, A. Pordevic, J. Adamov, V. Pordevi¢-Mili¢, D.
Vuji¢, J. Odavié¢-Josi¢, . Koruga, J. Molecular Structures, in press (1998).
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For programming the crystallization rate interval by Bridgman's method [1], the
hidromechanical mechanism is presented (Fig. 1). This mechanism is development and
improvement of hydraulic mechanism presented in [2]. It enables to find the optimum
crystallization rate, for obtaining crystals of substances with unknown crystallization rates.

o

Fig. 1. Apparatus for crystallization: (1) Electric resistance cylindrical furnace;
(2) Bridgman's test tube, (3) Hydromechanical mechanism for regulation of the
Bridgman's test tube lowering rate and (4) Scale.

The expression for the crystallization rate along the Bridgman's test tube is derived, and
analyzed as a function of the mechanism's parameters. The modification of the mechanism,
for regulation of the interval and profile of crystallization rates that start from zero, is
presented. It is pointed to the possibility for development of mechanism for testing several
intervals and profiles of the crystallization rates in one experiment. By the family of
Bridgman's test tubes [1], that can be moved and changed, it is possible by single lowering
to test several different formations, intervals and profiles of crystallization rates.

[1] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin
1988, p. 591.
(2] B. Cabri¢, T. Pavlovi¢, S. Savovié, Cryst. Res. Technol., 29 (1994) (7), p. K96-K97.
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3a mporpamupame MHTepBaia Op3MHa KpucTanusalmja Myx Bpuymanose enpysere [1],
MpUKa3aH je XuApoMexaHuukd MexaHmsam (cn. 1). OBaj MexaHusaM je pasBoj H
noGosblIamke XUApOMeXaHu3Ma npukaszaHor y [2]. On omoryhasa Hanaxerwe HajlIoOBOJbHHU]E
6p3MHe KpucTaiu3auuje, 3a NOOWjarke KPUCTaNa CYNETaHUM Ca HEro3HaTMM Op3uHama
KpHUCTaTH3aluje.

Cn. 1. Anapatypa 3a kpuctanusaumjy: (1) Enekmpoomnopna yununopuyna neh,
(2) Bpuymanoea enpysema, (3) Xudpomexanuuku mexanuzam 3a pecyrayujy 6psune
cnywmarsa bpuyumanose enpyseme u (4) Crana.

M3Be/eH je ¥ HyMepHYKH aHaTM3UpaH u3pa3s 3a Op3uHy KpUCTanu3aumje dyx Bpuumanose
enpyBeTe O MapameTapa MexaHmsma. [IpukasaHa je Moaupukauuja MexaHu3Ma 3a
perynauujy MHTEpBaIa U Npoduia Gp3uHa KpUCTaIM3aLMja KOjU MOYHIbY O HyJle. YKa3aHo
je Ha MoryhHOCT pa3Boja MeXaHHW3Ma 3a NPOrpamMupame HEKOJIMKO Pa3IMyM-THX HHTepBaia
u npoduna 6p3uHa kpuctanusaumja. [Tomohy damunuje Bpuumanosux enpysera [1], koje
ce MOTy MOMEpATH U MEHATH, MOXKE CE jeIHMM CIyIITameM PETyJIHCaTH Npoba HEKOIHUKO
* pasnuuTHX 3aueha, nHTEpBana u npoduna 6p3uHa KpHCTalIM3aLyja.

[1] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin
1988, ctp. 591.

[2] B. Yabpuh, T. [Tasnosuh, C. CaBosuh, Cryst. Res. Technol., 29 (1994) (7),

ctp. K96- K97.
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For simultaneous regulation of different temperature gradients, formation, directions and
intervals of the crystallization rates, in a laboratory chamber furnace, the models of air
coolers are presented (Fig. 1). These models are development and improvement of the
crzstallization cooler presented in [1]. On the coolers are suspended movable Tamman's test
tubes. This enables obtaining crystals of substances with unknown crystallization
parameters.

Fig. 1. Apparatus for crystallization regulation: (/) Laboratory chamber furnace, (2)
Continuously variable transformer, (3) Air cooler model ("cold ladder"), (4) Moving rings,
(5) telescopic suspension and (6) Bent Tamman's test tubes (family ensemble).

The temperature gradients, in the test tube axes directions, are being regulated by the
distance from the furnace walls. Crystallization rates intervals along test tubes are being
regulated by the air flow, i.e. the cross section, what is done by the translatory motion of the
rings with the Tamman's test tubes. By the angle between the test tube axes and the
crystallization rate direction one regulates the spillage of defects towards the test tube walls.
On the rings, Tamman's test tubes of different shapes and sizes can be placed [2]. By
varying the shape and size of the interior and exterior of the cooler, the family of coolers is
obtained for scanning the wide interval of crystallization rates.

[1] B. Cabri¢, N. Danilovi¢, B. Zizi¢, J. Crystal Growth, 169 (1996) pp. 199-200.
[2] K.-Th. Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin,
(1988), p. 591. -
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3a perynauujy CHMyYJTaHO Pa3iHYMTHX TEMNEpaTypCKuX rpaaujeHara, 3adeha, mpasaua
MHTepBana Op3vHa KpHUCTalu3aumja, y JabopaTopHjcKoj KOMOpPHOj Tehiu, mpukasaHu cy
MOJENH Ba3fMLIHMX xjaamwaka (cia. 1). OBM Mopmenu cy pa3Boj M nobosbllare
KPHMCTANM3alMOHOT XJlaaiaka npukasaHor y pany [1]. Ha xnamwake ce mnocrasibajy
nomuuHe, caBujeHe TamaHose enpysere. OBo omoryhaa mnpoby KpucTanuzaumje
CYTCTAHLM Ca HETIO3HATAM TapamMeTpPIMa KpUCTaIU3allKje.

Cn. 1. AnapaTypa 3a peryiauujy kpucraausaunje: (1) Jlabopamopujcka komopna neh,
(2) Konmunyanno npomensusu mparcgpopmamop, (3) Moden eazdyuwnoz xnadmaxa
("xnaomne mepdesune"”), (4) Momuunu npcmenogu, (5) Teneckoncko eewarve u (6) Casujene
Tamanoge enpygeme (ancambn Qamunuje).

TeMmnepaTypcky IDalMjéHTH y Mpasly oca empyBeTa ce perynuuly nomolly pacrojama
xnammaka o 3una nehu. Mintepsanu Op3vHa KpucTanusaluja Ay enpyBeTa peryJuiy ce
nomohy 6p3uHe Ba3AylIHe CTPyje Tj. Mpeceka, WITO Ce BPLIM TPAHCIATOPHUM TOMEPameM
npcrenoBa ca TamaHoBuM empyBeTama. ITomohy yrna usmely oca empyseTa M npasua
Op3uHe KpUCTaIM3alMje peryjiiue ce OoinuBame nedekara npema 3uay enpysera. Ha
MPCTEHOBE Ce MOTY CTaBUTH TamaHOBE enpyBeTe pasnuuutor obiuka W BeauuuHa [2].
BapupameM 067MKa M AMMEH3Mja XJialibaka M3HYTpa W Criosba, Ao0uja ce (amunuja
XJali-aKa 3a PETPaXKMBakbe WNper HHTpBaia 6p3uHa KpucTann3anuja.

[1] B. Ya6puh, H. Tanunosuh, b. Xwkuh, J. Crystal Growth, 169 (1996) ctp. 199-200.
[2] K.-Th.Wilke, J. Bohm, Kristallziichtung, Deutscher Verlag der Wissenschaften, Berlin
(1988), ctp. 591.




