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COLORED SYMMETRY
S. V. Jablan

Faculty of Phylosophy, Department of Mathematics, 18000 Nis

As an intuitive concept, antisymmetry is present from the very beginnings of ornamental art,
appearing with Neolithic "black-white" ceramics. In ornamental art the color change
mentioned introduces a space component, a suggestion of relations "in front-behind", "up-
down", "above-below", or even a time component ("day-night"). From Neolithic art originate
examples of the most of antisymmetry friezes and ornaments, to be probably completely
cxhausted by the ancient and some lather civilizations and cultures (e.g. Moorish), obtaining
the 17 antisymmetry friezes and 46 antisymmetry ornaments. Every antisymmetry ornament
can be considered as a regular desymmetrization of some symmetrical (generating) ornamental
motif with the symmetry group G, resulting in its subgroup H of index 2.

Regarded from the point of view of the general N-colored symmetry, antisymmetry is its
simplest case (N=2). Beginning from polychromatic ceramics, during the history of colored
symmetry only few possibilities are empirically investigated by artists and artisans, mostly that
with a restricted number of colors (N=3,4). In such a colored symmetry group (or colored
desymmetrization) we can simply visually distinguish the generating symmetry group G, its
color-preserving subgroup H, of index N and the symmetry subgroup H - the final result of this
colored desymmetrization. If /; is a normal subgroup of G, then H=H,.

As a scientific concept, the theory of antisymmetry is the acquirement of the XX century
mathematics (or, more precisely, of the mathematical crystallography). It is the result of a
practical need for the visual interpretation of 3-D symmetry groups (of bands Gj,; or layers
G;;) ina 2-D plane. The idea of a more sophisticated dimensional transition (from G‘ml to Gyzp;
from G,,»' 0 Gy3) arised naturally and resulted in one of the first and most remarkable pioneeric
results of H.Heesch - in the approximated number of Gy; (less then 2000). Their correct
number (1651 Gy;) is obtained for the first time. more than 30 years later, by A.M.Zamorzaev
in 1953. Hence, so-called Shubnikov groups G;’ are partly derived by H.Heesch in 1930
(lower singonies), completely by A.M.Zamorzaev in 1953, and somewhat later by N.V.Belov,
N.N.Neronova, T.S.Smirnova in 1955, but never by A.V.Shubnikov.

Let a symmetry group G and the permutation group P=C; generated by the antiidentity
transformation ¢,=(0 1) satisfying the relation ¢,’=E and commuting with all elements of the
group G, be given. If S is an element of G, §'=¢,S=Se, is the antisymmetry transformation
derived from S. Every group G’ derived from G, which contains at least one antisymmetry
transformation is called the antisymmetry group, and the group G is called its generating
group. All antisymmetry groups derived from G, consisting of a family, can be divided into the
two types: senior groups of the form GxC, and junior groups G'~G. Every junior antisymmetry
group G' is uniquely defined by its group/subgroup symbol G/H, where H is the Ssymmetry
subgroup of G, G/H~C, and [G:H]=2.

The antiidentity transformation e, gives different possibilities for its interpretation. The first
and most natural is a color-change "black-white", introducing a space component mentioned
before: the representation of 3-D symmetry groups in a 2-D plane. Its mathematical



generalization, the established relation between the antisymmetry groups G, ' and symmetry
groups Gy, of the (r+1)-dimensional space, introduced by H.Heesch for the derivation of
4-D symmetry groups was the origin of the theory of antisymmetry. In that case ¢, is identified
with a hyper-plane reflection in invariant 3-D hyperplane. In a general sense, the antiidentity
transformation e, can be interpreted as a change of any bivalent geometrical or
non-geometrical (e.g. physical) property commuting with symmetries of the generating
symmetry group G (e.g. (+ -), (S N), (yes no), (convex concave)...), and from this resulted the
different applications of antisymmetry in mathematical crystallography.

The natural extension of the (simple) antisymmetry is the multiple antisymmetry, introduced by
AM.Zamorzaev in 1957 [1]. Besides a generating symmetry group G there is the permutation
group P=C; generated by [ antiidentity transformations e; (i=1,2,...,1) satisfying the relations
e/=E, commuting between themselves and with all elements of G. In a similar way, we have
the senior (%), middle (S*M™-) and junior (M"-type) multiple antisymmetry groups, where
only the last ones, isomorphic to G, are non-trivial in the sense of derivation. If the groups C,
(the components of P) are considered as the same group, we have compound groups
introduced by A.L.Mackay in 1957.

Multiple antisymmetry groups and compound groups illustrate the different equality criterions
for antisymmetry (or colored symmetry) groups. Here we may have three different equality
criterions: (1) "strong" criterion in the sense of multiple antisymmetry, this means
G/AH,H,)/JH#G/(H,H,)/H (HI#H2); (2) "middle" criterion in the sense of Mackay compound
groups, this means G/(H,H,)/H=G/(H,H,)/H; (3) "weak" criterion G/H. For example,
according to (1), (2) or (3), there are, respectively, 10080 G3214, 444 G32/4, or the only one
Gj2/4-

During the 30 years, mostly by the contribution of Kishinev school, the theory of multiple
antisymmetry has become an integral part of mathematical crystallography and acquired the
status of a complete theory extended to all categories of isometric symmetry groups of the
space E" (r<4), different kinds of non-isometric symmetry groups (of similarity symmetry,
conformal symmetry...) and P-symmetry groups ((p)-, (p")-, (p2)- symmetry groups). The most
important results from that period are: the derivation of 1191 junior G»;/, 9511 G;z, G, and
G_;zl. However, some problems (e.g. the derivation of G_;’ at [=3), because of a large number of
the multiple antisymmetry groups exceeding even possibilities of computers, remain unsolved.

This and many other problems are solved using antisymmetric characteristic (AC) of a discrete
symmetry group G, introduced by S.V.Jablan in 1984 [2]. Using the AC-method and the notion
of the AC- type, 109139 G, 1640955 G,*, 28331520 G;’ and 419973120 G;° multiple
antisymmetry groups of the M"-type, are derived and given in a partial catalogue. The
AC-method can be also used for a derivation of (P,/)-symmetry groups from P-symmetry
groups. Some of the most important results, obtained jointly with A.F.Palistrant, are: the
number of non-enantiomorphic G5, G/, and the derivation of the junior M™-type groups G;"’
from the groups G{ (p=3,4,6): 4840(4134) G;"", 40996(29731) G;*’, 453881(260114) G5,
5706960(2048760) G;*” and 59996160(1249920) G;>”, where the numbers of complete (p,1)-
symmetry groups are given in parentheses. Finaly, the use of such a generalized AC makes
possible the reduction of the theory of multiple antisymmetry to the theory of simple
antisymmetry and the derivation of different combinatorial formulas for the number of multiple
antisymmetry groups. So, after the 30 years we are coming back to the roots of the theory of
multiple antisymmetry - to the simple antisymmetry, but knowing today some more about the
first.



4

The idea of colored (polyvalent) symmetry is a natural extension of antisymmetry (bivalent
symmetry). Since its first results obtained by N.V.Belov, E.N.Belova, T.N.Tarhova in
1956-1957 - the plane colored groups G5’ (p=3.4,6) with a cyclic permutation of colors - are
derived as the generalized projections of space groups G; with 3y-, 35, 4/-, 43-, 6;-, 6,-, 64-,
s-screw axes, the crystallographic restriction (p=3,4,6) on the number of colors is a natural
consequence. Unfortunately, in spite of the fact that the same authors discerned its
mathematical unnecesity discussing non-crystallographic colored symmetries, this restriction
remains to be a constant of the Russian theory of colored symmetry. On other hand, this
restriction has made possible its orientation to the more concrete problems to be solved.
In the next ten years, besides the already existing simple and multiple antisymmetry and Belov
(p)-symmetry mentioned, some new colored symmetries are introduced: simple and multiple
cryptosymmetry by A.Niggli, H-Wondratschek, O.Wittke, (p,/)- colored antisymmetry by
N.N.Neronova, N.V.Belov, Pawley (p’)-symmetry, needing for an exact theoretical
background and classification. It is announced by B.L.Van der Waerden, J.J.Burckhardt in
1961, to be developed in the general theory of P-symmetry by A.M.Zamorzaev in 1967.
By the concept of P-symmetry (permutation symmetry) introduced by A.M.Zamorzaev [3.4],
all the colored symmetries mentioned before are included in the general theory of P-symmetry.
If P=C;' we have the simple (/=1) and multiple (/=2) antisymmetry groups. In the case of the
Belov (p)-symmetry (or (C,)-symmetry), the group P=C, is cyclic permutation group, in the
case of the Pawley (p')- symmetry (or (Dj,,)-symmetry), the group P=D,z, is the regular
dihedral permutation group in the case of the (p2)- symmetry (or (D,)-symmetry), the group
P=D,, is the irregular dihedral permutation group, etc.
The indices ascribed to the points of a figure with the P-symmetry group have an
extrageometric sense with respect to the space in which the figure is considered. In additional
dimensions such index permutations can be geometrically interpreted, making possible the
investigation of multi-dimensional symmetry groups by means of P-symmetry groups. This is
reflected in the classification of P-symmetries, which goes from the abstract group-
theoretical, through the concret group-theoretical, to the geometrical classification in which to
every symmetry group G, corresponds one P-symmetry. Such a connection between
P-symmetry (p=3,4,6) and multidimensional crystallography is abundantly used by
A.F.Palistrant, A.M.Zamorzaev for the derivation of multidimensional subperiodic
crystallographic groups.
During the twenty years P-symmetry (p=3,4.6) is extended to all categories of two- and
three-dimensional isometric crystallographic groups (e.g. G, " r=23; G. "M G =),
similarity symmetry and conformal symmetry groups. Further gencralizations of the theory of
colored symmetry, W- and Q-symmetry, are introduced by A.V.Koptsik, LN.Kotsev,
Z.Kozukeev in 1974, and discussed by A.P.Lungu. Dealing with the most general concept of
colored symmetry: all possible colorings of a symmetrical figure, O-symmetry may be used for
analyzing some structures (e.g. the analysis of defect crystals, needing uneven use of colors)
exceeding the domain of P-symmetry.
After B.L.Van der Waerden, J.J.Burckhardt, the first results of the Western school of colored
symmetry, monographs published by C.H.Macgillavry in 1965 and by A.L.Loeb in 1971, in a
certain measure are influenced by "Colored Symmetry" of A.V.Shubnikov, N.V.Belov et al.
Representative works by S.0.Macdonald, P.O.Street on N-colored frizes G,; and ornaments
G,, J.D.Jarratt, R.L.E.Schwarzenberger on N-colored ornaments G, (N<16), D.Harker on
3-colored space groups G; (i.e. Gy and G.,]z) and monograph by T.W.Wieting [5] on



N-colored ornaments (N<60) point out their common theorethical background resulting in the
characterization of colored symmetry groups by the (restricted) number of colors N, using the
"weak" criterion and without discussing the structure of quotient-groups G/H. By taking as a
basis of the classification the number of colors N, some very distinct colored symmetry groups
are included in the same class, and certain similar groups in different classes. For example, in
the class of four-colored groups of ornaments are included P-symmetry groups with P~C,, C,%,
D, A, On other hand, each N-colored symmetry group pl/pl~Cy belongs to the different
class.

The first investigations of group/subgroup relationships between the symmetry groups of
ornaments G, realized by W.0.J.Moser in 1957 resulted in the table of minimal indexes of the
subgroups in groups. Analogous results for the symmetry groups of friezes G5, are obtained
by S.V.Jablan and H.S.M.Coxeter. The further analysis of group-subgroup relations proceeded
by K.J.Kohler and M.Senechal have opened some promising perspectives for a future
development of colored symmetry theory, by discovering its connections with the theory of
numbers.

The derivation of colored symmetry groups, completed only for the friezes G, by J.D.Jarratt,
R.L.E.Schwarzenberger, is supplemented with a group-theorethical comment by
H.S.M.Coxeter [6], using the "weak" criterion and considering the stucture of quotient groups
G/H for the classification of colored symmetry groups obtained.

The main characteristics of the Western theory of colored symmetry - the classification of
colored symmetry groups according to the number of colors N, and by using exclusively the
"weak" criterion, the connection established between the colored symmetry and the number
theory, etc. - are pointed out in a concise history of colored symmetry by
R.L.E.Schwarzenberger [7].
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[6] Coxeter, H.S.M., Simple Introduction to Colored Symmetry, LJ.Quantum Chemistry
XXXI(1987), p. 455-461.
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KOJTOPHA CUMETPUJA

C. B. Jabnan

Pnnosogpekn gakynrer, I pyma 3a maremaruky, 18000 Huur

Kao MHTYUTMBHM KOHIENT, aHTHCHUMETpHja je MNPUCYTHA O CAMHX [OYETaKa
OPHAMEHTAJIHE YMETHOCTH, jaBibajyhu ce ca HEONUTCKOM "IPHO-GEIOM" KEepaMHIKOM.
I[TomenyTa npoMena Goje je y OpHaMEHTaJIHy yMETHOCT yBeJa IPOCTOPHY KOMIIOHEHTY,
cyrectujy ofHoca "mcmpep-uza’, "rope-mosne", "M3HAg-MCION", WM uYaK BPEMEHCKY
KOMIOHEHTY ("maH-HOh"). M3 HEONHMTCKE YMETHOCTH NOTHUY npuMepn Behune
aHTUCUMETPUYHUX GOPAYpa i OpHAMEHATA, KOjU he y NOTIyHOCTH GUTH peann3oBaHy y
OKBUDY JIPEBHUX UM HEIITO MO3HHUjUX IMBUIM3alMja ¥ KYNTypa (HIp. MaBapcke), e
Cy ocrBapenu npumepn cBux 17 rpyma anTucuMmeTpuje Gopaypa u 46 rpyma
aHTHCUMETpHje OpHaMeHaTa. CBAaKM AHTUCHMETPHMjCKM OpPHAMEHT MOXKE OUTH
pasMaTpaH Kao MpaBWiIHA JieCUMeTpHu3andja (reHepuinyher) opHaMEHTATHOT MOTHBA
ca rpynom cumeTpuje G, KojoM ce 1o6uja meHa nofarpyna H uagekca 2.

ITocmarpana ca Tauke rieuiuTa onmre N-KOJIOpHEe CUMETPHj€e, aHTHCHMETPH]A je HheH
HajpocTju cny4vaj (N=2). IToues op nojase BuIeGOjHE KEpPaMHUKE, TOKOM ucropuje
KOJIOPHE CHMETpHje CamoO Cy M3BECHE MOryhHOCTH KOje KONOpHA CHMETpHja HYJHM
CMITUPHUjCKU UCTPa’KEHEe Off CTPaHEe YMETHMKA M 3aHATIIHja, IPETEXKHO OHE ca BEOMa
orpaHnveHuM Opojem Goja (N=3,4). Y okBupy JOOMjeHMX Ipyla KOJIOPHE CUMETpHje
(UM KOJIOPHO-CHMETPHUJCKUX  JIECUMETpPHU3alyja) JMPEKTHO MOXEMO  YOUHTH
resepuutyhy rpyny cumerpuje G, meHy cTanuoHapHy noarpymy H, uepgekca N Koja
dyBa MojeiuHaHe 60je U CUMETPH]CKY TIOArpymny H - KOHAauHH PE3yJTaT OBE KONOPHE
necumeTtpusanmje. Ako je H, Hopmasza noprpymna rpyne G, Tana je H=H,.

Kao nayunm KoHuenT, TeopHja aHTHCHMETpHje je pocTurHyhe maremaTnke XX Beka
(wmm, Taunmje, MatemMaTnuke Kpucranorpaduje). OHa je MPOMCTEKNa M3 MpaKTHUHE
norpebc 3a BU3YEJHMM MHTEPIPETUPAHjeM Tpyla CUMETPHjE TPORXUMEH3UOHOT
npocropa (nentu Gy, nimn cnojeBa Gjp) y ABOJUMEH3UOHO] paBHu. Mpeja CIIOXKEHMjer
nuMeH3noHor npenasa (ca Gy Ha G35 ca G/ Ha G 3) jaBuia ce IPUPOHO 1 JJOBEa je
JIO JEAHOT Of TNPBUX W Ha3HAYajHUjUX MMOHMPCKUX pe3dynTata  X.Xeema -
anpoKCcHUMaTUBHE MporieHe Opoja rpyma kateropuje Gy; (ucmop 2000). Hbuxor Tavan
Opoj (1651 G,3) je noGujen mo mpBi myr Tek HakoH 30 TOAMHA y pajoBHMa
A.M.3amopsajesa 1953. ron. Ha rtaj maumn, 138. lllyGmukoBcke rpyme G/ cy
nenmuMuiIHO m3BeieHe Koyt X.Xeema 1930-re rofune (HMXKe CHHIOHHjE), KOMIUIETHO Yy
pagosuma  A.M.3amopsajeBa 1953. rop., u HemrTo Kachuje kojn H.B.Besosa,
H.H.Heponose, T.C.Cyvuprose 1955. rop., anu Hukaj o crpane A.B.Illy6mukosa.
Heka je pata rpyna cumerpuja G u rpyma nepmyraumja P=C, reHepHcaHa
TpaHcopmanmjom antuugenTurera ¢,=(0 1), Koja 3agoBosbaBa penaunmy e/ 2=E u
KOMYTHpa ca CBUM elleMeHTHMa rpyne G. AKo je S enement rpyne G, S'=¢,S=Se, je
TpaHcopMalmja aHTHCHMETpHje u3BefeHa u3 S. CBaka rpyna G’ ussefiena u3 G, Koja
canpku 6ap jeaHy TpaHcopmalujy aHTHCHMETPHje Ha31Ba ce IPYNOM aHTHCHMETpHja,
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a rpyna G ce HasuBa HeHOM remepuinyhom rpymom. Cse rpyme aHTHCUMETpHje
n3BefieHe U3 G Koje o6pasyjy hamunujy, MOry GUTH MOAEIbEHE Ha BA THUMIA: crapuje
rpyne obmuka GxC, m mmabe rpyne G' msomopgme ca G. Cpaka Mriaba rpyma
aHTHcHMeTpuje G’ je jemHO3HAuHO fe(brHMCaHa CBOJUM TIpyNa/MOArpyna CHMGOIOM
G/H, rnie je H cumetpujcka noprpyna y G', G/H =C, u [G:H]=2.

Tpancopmanmja aeTHHACHTHTETA €; IPYKa PA3THIATE MOryhHOCTM HHTEpIIpeTanyje.
Ilpsa n majnpuponnnja je npomena Goje "npHO-Gemo", Koja yBomu Beh momenyty
IPOCTOPHY KOMIIOHEHTY: MOTYhHOCT NpuKasa TPOIMMEH3MOHHX pyna CHMETpHje y
paBHH. IbeHa MaTeMaTHUKa reHepann3anuja, N3paskeHa YCIIOCTABIbAEM Be3e usMeby
rpyna antucnmerpuje G, / u rpyna cumetpuje Gy, (r+1)- AuMeH3HOHOT IIPOCTOpa,
yBefieHa oni crpane X.Xeema y uuby M3Boberma 4-JUMEH3MOHHX Tpyma CUMETpHje,
Guna je sauerak Teopuje aHTHCHMETpHje. Y TaKBOM CIydajy Tpancchopmanuja e; urpa
YJIOTy XHUIEp-paBaHCKE pecplieKCHje y OfHOCY HAa MHBAPHjaHTHY XHIep-paBaH. Y
ONIITEM CIly4ajy, TpaHcOPMALMjy aHTHHIEHTUTETA €; MOKEMO HUHTEPIPETUPATH KAO
IPOMEHY GO KOT' [IBOBAJCHTHOT TEOMETPH]CKOI HIH BAH-TEOMETPHjCKOT (ump.
(hU3MYKOr) CBOjCTBA KOje KOMyTHpA ca CUMETpHjaMa reHepuinyhe rpyne cumerpuje G
(Hmp. (+ -), (S N), (ma He), (ucmymueHo ynyGIbeHO)..), Te M3 oBora HPOHUCTUIY
pasnmIuTe MPUMEHE aHTHCUMETPH]E Y MATEMAaTHIKO]j KprcTanorpaduju.

IIpipopso yommuTeme (IpocTe) aHTHCHMETpHjE je BUUIIECTPYKAa aHTUCHUMETpH]a,
yBenieHa ofi crpane A.M.3amopsajesa 1957. rog [1]. Ospe ce nopen renepuityhe rpymne
cumetpuja G jaBba rpyma nepmytaunja P=C,' KOjy reHepuuly TpaHcdopmanmje
AHTUUJICHTUTETA ¢; (i=1,2,...,[) Koje 3ajjoBO/baBajy penauyje e/ =E, KoMyTHpajy Meby
coboM u ca cBUM eneMeHTHMa u3 G. Ha cimvad Hauum, pasnukyjemo crapuje (S%),
cpentbe (SM™-) mmabe (M™-Tuma) TpyNie BUIIECTPYKE aHTUCHMETPUjE, IPU UeMy Cy
JennHO mocneN e, n30MopdHe ca rpynom G, HETPUBHUjaJIHE y MOTNEy M3BOhema. AKO
rpyne C, (KOMIOHEHTE rpyne P) MOCMaTpamo Kao UCTy Ipymy, Kao pe3yiaTaT HMaMo
"coxene rpyne" (compound groups) koje je yseo A.JL.Maxej 1957. rop.

I'pynme BumecTpyke aHTHCHMETpHje M CIOXKEHe TrpyIle WIIYCTPYjy pasjidguTe
KPUTEPHjyMe JeJHAKOCTH IPyIa aHTHCHUMETPHje (Wi KOTOpHE cumetpuje). [Ipu Tome,
pasNUKyjeMO TpM pa3lUddTa KPUTEPHjyMa jeTHAKOCTH: (1) "jakm" kpurepujym y
CMHCITY I'pynia BUIIECTPYKE aHTUCUMETPUjE, Tj. G/(H ) H,)/H#G/(H,H,)/H (H, = Hy); (2)
"cpemeu'  KpUTEPHjyM y  cMuCTy  MakejeBMX  CIOXKEHMX rpyma,  Tj.
G/(H,H,))H=G/(H,,H,)/H; (3) "cmabu" xpurepujym G/H. Ha npumep, y cknany ca (1),
(2) mimn (3), pasmukyjemo, perom 10080 Gyy,%, 444 G,,,, wmn camo jenmy Gy,

Tokom 30 ropuna, npeTexHO 3axBasbyjyhu JOMPHHOCY KHUIIHEEBCKE LIKOJIE, TeOpHuja
BHUILIECTPYKE aHTHCUMETPH]E ITOCTAJIA je CACTABHMU IO MaTeMaTHUKE Kpucrajorpadgpuje
M CTEKIa CTaTyC MOTHYHE TEOpHje MPOUIMPEHE Ha CBE KATEropHje HM30METPHjCKHX
rpyna cumetpuje npocropa E (r<4), Ha pasiHuYATE BPCTE HEM3OMETPH]CKUX rpymna
cumeTpuje (CHMETpHje CIMYHOCTH, KOH(OPMHE CHMETpHje...) I rpyne P-cuMeTpuje
((p)-, (p)-, (p2)-cumeTpuje). HajsHauajuuju pesyaTaTi u3 oBOT nepuopa cy: u3Bobeme
1191 muabe rpyne Gy', 9511 G2 G, u G3,. Mebyrnm, saxamyjyhn enopmuom 6pojy
rpyna BUIIECTPYKE AaHTUCUMETpHUje, 4YMje j€ H3BObeHme MpeBasunas’swiao uak u
MOryhHOCTH pavyHapa, M3BecHH NpoGriemu (Hmp. usBobenje G; 3a [>3) ocramu cy
HEPEILCHH.

OBaj u MHOrM Jpyr# npoGiemMu pelieHH Cy TPUMEHOM aHTHCHMETPHjCKE
Kapakrepucrike (AK) muckpertre rpyne cuMetpuje G, Kojy je yseo C.B. Ja6nan 1984.



rop [2]. KOpI/[CTehI/I AK- MCTOJI u nojam tuma AK m3BejeHo je pegom 109139 G,
1640955 G;*, 28331520 G; u 419973120 G,° rpyna BHIIECTPYKE aHTUCHMETpHje
M"-tuna, npukaszaHnx nomohy mapuujanHe kartanormsamuje. Metony AK Moxke ce
Takobe KopucTuTH 3a n3Boheme rpyma (P,/)-cuMerprje u3 rpyna P-cumerpuje. Hekn
OJl Haj3HAuYajHUjUX pesyiTaTa, noGHJeHHx y capanmn ca A.D. HanHCTpaHTOM cy: 6poj
He-eHanTHOMOPGHUX rpyna G;, Gy, n u3Bobeme mnahux rpyna M"-tuna G5 u3 rpyna
G (p=3.4.6) 4840(4134) G;'”, 40996(29731) G;*, 453881(260114) G,
5706960(2048760) G5 m 59996160(1249920) G, rae je Gpoj rpyma mnormyHe
(p.0)-cumerpuje nar y sarpagu. Ha kpajy, mpumena oBakse yommutere AK omoryhasa
CBObewe Teopuje BUIIECTPYKE aHTUCUMETpHje Ha TCOPHUjy MPOCTE aHTHCHUMETpHje U
n3Bobeme pasnnunTux KoMOMHATOpHMX OpMysla 3a H3padyHaBame Gpoja rpyma
BHIICCTPYKE aHTHcMMeTpuje. Ha Taj HauuH, HAKOH TPUCCET TojMHa Bpahamo ce
TIOHOBO KOPCHUMA TEOPHje BUILECTPYKE aHTHCUMETPH]E - IPOCTO] AHTUCUMETPH]H, ATl
3HajyhH JaHac MHOTO BHIIIE O 0.

Hpeja konopre (monmMBaneHTHE) CUMETPHE je IPUPORHO MPOLIMPEHE AaHTHCHMETPHje
(mBoBanentHe cumerpuje). ITomro cy npsu pesynratu H.B.Benosa, E.H.Benose,
T.H.Tapxose u3 1956-1957. rop. - paBaHcke rpyne Komopre cumerpuje G5 (p=3,4,6) ca
[MKIMIHOM NepMyTauujom 0oja, MoOMjeHe Kao YONIITEHE MNPOjeKIyje MPOCTOPHUX
rpyma  G; ca 3aBOjHUM ocaMa 3j-, 3,-, 4y-, 43-, 6;-, 0,-, 64-, 65, KpucTanorpadcko
orpannuewse (p=3,4,6) 6poja Goja je mpuponHa nocneauna. Haxanocr, 6e3 o63upa Ha
TO ILITO CY HM3BECHM ayTOPU HCTAKIM Jla jé OBO OrPAHWYCHE HENOTPeOHO ca
MaTeMaTHIKe Tavuke [JIC/UIITa, NpUXBaTajyhm M HeKpHuCTamorpag)cke KOJOpHE
CHMETpHUje, OBO OrpaHMUCHC NPECTaB/ba KOHCTAHTY  PYCKE TEOpHje KOJOPHE
cumerpuje. Ca jpyre cTpaHe, TakKBO OrpaHMUCHE je oMoryhmio opujenTanujy Ka
pelaBamby KOHKPETHHX Mpobiema.

TokOM HapejHuX J€CeT TOiMHA, IOpef nocrojehe mpocTe u  BHINECTpYKE
aHTHCUMETPHje 1 ToMeHyTe (p)-cumeTpuje Bjenosa, yBefieHe Cy H HEKe HOBE KOJIOPHE
CHMETpHjE: ImpocTa U BUIIECTpyKa Kpunrocumerpuja A.Hurnmja, X.Borgpaueka u
O.Butkea, (p,1)-xonopna antucumerpuja H.H.Heporose n H.B.Bjenosa u IMonujena
(p')- cumeTpuja, Koje Cy 3aXTeBajIec er3akTHO TCOPHjCKO 3aCHUBAE U KiIacu(HKaIH]y.
Teopuja xonopre cumeTpuje HajaBbeHa y paposuma bB.JL.Ban jaep Beppmena n
J.J.bypkxapra 1961. rop., npepacma je y omury Tteopujy /I cumerpuje A.M.
3amopaajesa 1967. rop.

Konuenrom P-cumeTpuje (nepmyTaloHe cuMeTpuje) Koju yBomu A.M.3amop3sajen
[3.4], cBe HOMCHyTe KOJIOPHE CHMETPHje Cy YKIbYUEHE Y ONIITY TCOPHjy P-cuMmeTpuje.
3a P=C, umamo mpocry (/=1) u sumecrpyky (/>1) aHTPICI/IMeTpH]y Y cayuajy
Bjenoscke  (p)- cumerpuje (umu (C,)-cumerpuje), rpyna P=C, je IMKIMYHA Tpyna
nepmyTanuja, y ciyuajy Ilonujese (p) -cumertpuje (mmu (D ,{;,,)) CUMETpHje), rpymna
P=D,, je perynapHa auefapcka rpymna nepMmyrtauuja, y cayvajy (p2)-cumerpuje (umu
(D,)-cumeTpuje), rpyna P=D, je HeperynapHa Jiuefiapcka rpymna rnepMmyTanuja, uty.
Mupeken Koju ce Jlofieibyjy TauKama JIMKa KOju 3aJl0BOJbaBa HEKY Ipyiy P-cumeTpuja
MMajy BaH-FCOMETPHUjCKH CMHICA0 Y OJHOCY Ha MPOCTOP y KOME JIMK [OCMaTpamo. Y
JIONATHAM JIUMCH3MjaMa TaKBE MEpMyTallije MHJEKCa MOry OHTH MHTEpIpEeTHpaHe M
FeOMETpHjcKH, oMoryhaBajyhu Ha Taj HAUMH HCTPAXKHBAME BHUINC-UMCH3MOHUX IPya
cumeTpuje y3 nomoh rpyna P-cumerpuje. To ce ofjpaskaBa M Kpo3 KiacuuKaumjy
P-cumeTpuja, Koja MoJ1a3u Off ancTPaKTHO-IPYIIHE, U IPEKO KOHKPETHO-TPYIHE BOJIH 10
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reoMeTprjcKe Kiacupukanuje y Kojoj cBakoj rpymu cumerpuja G, ofromapa jejHa
P-cumerpuja. Taksa Besa mameby P-cumetpuja (p=34,6) M BUILEUMEH3MOHAIHE
Kpucranorpacduje je OGorato KopuitheHa y pajoBuMa A.®.Ilanuctpanra u
A.M.3amop3ajeBa 3a n3B0heme BUIICIUMEH3HOHUX CyOIepHOMYHUX KpucTajgorpac-
CKHUX I'pyTia.

Tokom niBanecer roguna P-cumerpuja (p=3,4,6) je NIPOLIMPEHA Ha CBE KaTEeropuje JBO-
1 TPO-IMMCH3MOHMX M30METPHjCKUX Kpucranorpadckux rpyma (mmp. G, " r=2,3;
G.", G." r=2), rpyna CHMETpHje CIUYHOCTH M KOoH(opMHe cumertpuje. Hapene
FeHepanu3alyije  Teopuje KoJlopHe cumerpmje, W- u  Q-cumerpumja, KOje yBoje
A.B.Komuk, M.H.Kones, 3.Koxykees 1974. roq., pasmarpa A.JLJlynry. Pajehu ca
HAJOIIIITHM KOHIIENTOM KOJIOPHE CUMETPHje: CBMM Moryhim 00jemUMa CUMETPHYHOT
JMKa, Q-CUMETpHja MOXKE MOCHYXHTH 3a aHAIN3y Pas3THUATHX CTpyKTypa (HOp.
aHami3y fedekara KO KpucTana, KOJ KOjUX Ce jaB/ba HepaBHOMEpHa ynorpeba 60ja),
KOj€ M3/1a3e BaH IOMEeHa P-cuMerpuje.

Hakon B.JI.Ban nep Bepnena n J.J.Bypkxapra, mpBH pe3ynraT 3amajHe IIKONe
TEOpHje KOJIOPHE CHUMETpHje Cy MOHOrpadmje K.X.MakrunaBpu u3 1965. ron. u
A.JLJIe6a u3 1971. rop., y M3BECHO] MEpH HacTale 1oJ yrunajem "Konopue cumerpuje”
A.B.Illy6wukosa, H.B.Benosa u ap.

Penpesenratusau pagosu C.O.Makjonany n I1.0.Crpur o N-konopHuM Gopaypama
Gz wm opuamentuma G, JJI.XKapaa, P.JLE.Ilsapuen6eprepa o N-xonopaum
opHameHTHMa G, (N<16), ]l Xapkepa o 3-60jHUM NPOCTOpHUM rpynama G; (1. G’ n
G3?) u mouorpacwuja T.B.Buernnra [5] o N-xonopuum opHamenTuMa (N<60) ykasyjy
HA BUXOBY 32j€/IHUIKY TEOPHjCKY OCHOBY KOja IPOMCTHYE M3 KapaKTepH3alije rpyma
KOJIOpHE CUMETpHje Ha OCHOBY (orpaHmdeHor) Gpoja 6oja N, y3 kopuitheme "cmador”
KpuTeprjymMa u 6e3 pasMartpama cTpykType dakTop-rpyna G/H. Ysumajyhu 3a ocHOB
Knacudukamuje 6poj 6oja N, Heke BeoMa pasIMuUUTE IpyIe KOJIOpHE CHUMETpHje
YK/BYHUCHE Cy y UCTy Knacy, a u3BecHe MehycoOno cmiine rpymne y pasnuunre Kiace.
Ha npumep, y knacy ety ueTBopoGojHuX rpyna cuMeTpuje OpHaMeHaTa yKJbY4eHe Cy
cBe rpyne P-cumerpuje ca P=C,, Cy’, D,, A,. Ca pyre cTpaHe, cBaka N-KOJOpHa rpyrma
cumeTpuje pl/pl=Cy npunaja pasanunToj Kiacy.

IIpBo mcTpaxkusame ofHOca rpyma/mojrpyna mehy rpymama CUMETpHjE€ OpHAMcHaTa
G koje je n3spumo B.O.J.Mo3sep 1957. roji. pe3uMUpaHo je y TaGenn MUHHMATHIX
MHICKCA MOArpyNa y rpynama. AHAJIOTHH PE3y/aTat 3a rpyne cumerpuje Gopaypa G,
nobwm cy C.B.Ja6man u X.C.M.Kokcerep. [lama ananmsza oisoca rpyna-noarpyma
kojy pajy K.J.Kenep n M.Ceneman orapa famy NCPCNEeKTUBY 3a Oyxayhu passoj
KOJIOpPHE CUMETpH]E, OTKPUBAKEM HEHUX BE3a Ca TCOPHjoM Gpojesa.

M3Bobeme rpyna KosopHe cUMETpHje, OCTBAPEHO y MOTIYHOCTH CaMo 3a 6opnype G;
y panosuma J.[1.Japaa u P.JLE.IlIBapuexGeprepa, fonymeHo je CPYIIHO-TEOPETCKUM
komenrapom X.C.M.Kokcerepa [6], y3 kopumheme "cmaGor" KpUTEpUjyMa U
pasMmaTpame CTpykType caktop rpyna G/H 3a kiacudbukauujy moGHjeHIX rpymna
KOJIODHE CUMETpHje.

OmmTe KapakTepuCTHKE 3amafHe — IIKOJIE TEOpHje KOJIOPHE CHMETpHjE -
KiTacuuKanuja rpyna KoJopHe CUMETpHje Ha OCHOBY Gpoja 60ja N, UCKIbYUHBO Y3
Kopuiherme "cnabor' Kpureprjyma, Bese yCrocTaB/beHe u3Meby KOIOpHe cuMeTpuje
1 Teopuje GpojeBa, WTJ., jaCHO Cy MOABYYEHE y KOHIM3HOM UCTOpHjaTy pasBoja
konopue cumetpuje P.JI.E.IlIBapuen6eprepa [7].
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FULLERENES-BASIC PHYSICAL AND CHEMICAL
PROPERTIES

P. Koruga * and M. Vojinovié-Miloradov "

* Molecular Machine Research Center, University of Belgrade, 27. marta 80, 11000
Beograd, Yugoslavia

o Faculty of Sciences, Institute of Chemistry, University of Novi Sad, Trg Dositeja
Obradovija 3, 21000 Novi Sad, Yugoslavia

Molecule of fullerene Cg is a third allotropic modification of carbon. Fullerenes are the
whole class of closed spherical carbon clusters of Cagaay type. Molecule Cg, is the most
important representative of fullerenes, the whole family of carbon structures organized into
nanotubes, onion-like carbon shells and capsules.

The discovery of molecule Cq for the science is one of the most important, which is
illustrated by the fact that for long the scientists were assured that the symmetry group with
fivefold axis is of no importance for physics, and for science in general, since according to
the crystallography laws (translation symmetry in face) the structure with fivefold axis
cannot exist. The appearance of molecule Cy caused what is in science called Copernicus
turnover; science and technology on the basis of fivefold axis (crystallization around point)
was born.

In 1978 during investigations of biomolecular information processes it was discovered that
two structures, microtubes and clathrin, play an important role in the information processes
of a cell. Later (1985) it was shown that clathrin possesses the same symmetry (the structure
and electronic, vibrational and rotational processes) as the molecule Cg. Besides, in 1991 it
was shown that the family of clathrins and fullerenes is completely identical (they both form
structures consisting of 12 pentagons and variable number of hexagons on the spherical
surface), while microtubes are identical with fullerene nanotubes (hexagonal packing on the
spherical surface). Molecule Cy gives a form which is on the higher level of symmetry then
other two forms of carbon (diamond and graphite), which crystallize within 32
crystallographic classes. For the crystallization around point the fivefold axis is necessary.
This molecule possesses the fivefold axis (pentagons), threefold axis (hexagon), twofold
axis (double bond) and center of symmetry. The symmetry of the molecule is icosahedral
(I) while the crystals are cubic (T}). Since it contains the fivefold axis its structural and
enegetic states (T, Ty, Tyy, Ty,) are determined by the golden ratio law.
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Icosahedral symmetries
Symbol | A set of generators | Order Comments

I Cs, Cs 60 Rotations of regular icosahedron or
dodekahedron into itself; angle between Cs
and Cs is 37,38.
I, Cs, Cs, 1 120 All operations including reflection and
inversion, that take a regular icosahedron or
.dodekahedron into itself.

120 operations: E, 12 Cs, 12 C%, 15 Cy, i, 12 Sy, 12 S*10, 20 S 15 ©

Cgo molecule: 60 carbon atoms
12 pentagons
20 hexagons
30 double bonds

Angle between a double bond and adjacent pentagonal face:

Y= Oos_l[-]—oos 3_nj
2 5

Angle between two adjacent hexagonal faces:

2
_ -1 8( i 3m )
¢ = 00s {S(Sm—]o) 1}

Angle between adjacent hexagonal and pentagonal faces:
1
6=—(n-0)-
Sm=4=¥
[1] Koruga, D., Hameroff, S., Withers, J., Loutfy, R., Sundareshan, M., Fullerene Cg:

History, Physics, Nanobiology, Nanotechnology, Elsevier Science Publishers B.V.,
Amsterdam, 1993.
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®YJIEPEHU - OCHOBHE ®U3NYKO-XEMUNICKE
KAPAKTEPUCTHUKE

K. Kopyra 2 u M. Bojunouh-Mwusiopasos 6

@ L{enrap 3a monekynapre manmre, Marmackn gpakynrer y Beorpayy,
27. mapra 80, 11000 Beorpay, Jyrocnasumja

® IIprpogro-maremarnakn gpakyarer, UHcTutyT 32 XeMHJy, Tpr [Jocrreja
Obpaposuhia 3, 21000 Hosn Cay, Jyrociasmja

Mounekyn dynepena Cg je Tpeha anorponcka Mopudukanmja yribeHuKa, OTKpHBCHA
1985. ropune. ®ynepeHnma ce Ha3MBa YMTaBa KJAaca 3aTBOPEHMX C(EPHIHUX
YITbEHUKOBUX cTpyKTypa THNa Cyg 4 2, Monekyn Cgy je Haju3pa3uTHju npeacTaBHUK
(bynepena, unraBe aMuIHje YIILGHMKOBHX CTPYKTYpa, KOjeé MOTY GOHTH
OpraHM30BaHE Y BU/ly HAHONECBH, JbYCKU YITbCHUKA WM KAlICyJIa.

3a Hayky, otkpuhe Monekyna Cg cBpcTaBa ce y peji Haj3HaYajHIjuX, a LIyCTPOBAHO
J& YMECHUIIOM Ja Cy HAYYHHMIHM OHMIIM Ha CTAHOBHUINTY J1a CHMETPHUjCKA IPyIa ca 0COM
NeTOr pejla HeMa 3Havaja 3a (pU3MKY, Ia M 3a HAyKy IIUpe, jep MO 3aKOHHMMa
KpucTanorpaduje (TpaHCTAalMOHE CHMETPUjC Y PAaBHU) CTPYKTYpa ca OCOM IIETOr
pefa He MoKe ja noctoju. MebyTtum, nojaBom mosekyna Cgp HOTOIUIO C& HELITO
LITO je y HAaylu MO3HATO KAO KONEPHMKAHCKH OOPT; HayKa M TEXHOJOTHja Ha 6a3n
Oce NeTor pefa (KpUcTajn3aluja OKo Tauke) je pobena.

Jomr 1978. rommme y TOKy ucTpaxkuBama OGHOMOIIEKYJIAPHUX HHMOPMAIIOHMX
nporeca nponabeno je ma aBe cTpykType, MHKPOTYOYJIC M KIATPUH MMajy BeoMa
BayKHy yJIOry y mHcopmaunonum nporecuma henuje. Kacunje ce mokasano (1985.)
Jla  KIATpUH HMa HuCTy cuMeTpujy (ypebeHocr cTpyKType W 3aKOHHTOCT
CJICKTPOHCKUX, BUOPALMOHAX M POTAL[MOHMX nporneca) Kao u Monekyn Cqy. [Topen
tora 1991. rogune mokasauo je na je ammnmja KmaTpuHa M (yjiepeHa NOTIYHO
nojyfapHa (o6e Kjace MoOJeKysa mpaBe MpexXy Off 12 NeHTaroHa M pasiduuTor
Opoja Xekcarona no nOBpHMHH cepe), AOK cy MHKpPOTYOyse IOojfyfapHe ca
(hyJIIEpEHCKUM HaHOLECBUMA (XEKCArOHAHO NAKOBAWCE 110 MOBPIIMHA HUIMHPA).
Momnekyn Cgy rpanu (opmy Koja je Ha BHUIIEM HHUBOY ypebeHOCTH Ofi pyre JiBe
thopme  yribeHuka (AMjaMaHT M TpauT), KOje KPHCTAIULLy Yy OKBHpPY 32
Kpucranorpadcke Kiace. 3a KpUCTaaM3alHjy OKO Tauke Mopa ce hopMupaTu oca
neror peja. OBaj MONEKYJ MOCEAyje OCY NETOT pejia, Koja Ce OJHOCH Ha TMEeHTaroHe,
ocy Tpeher pepa (Xekcaron) u ocy Apyror pesa (IBOCTpyKa Besa), KaO U LEHTap
cumerpuje. Cumerpuja Mosekyna je ukocaenapeka (Iy), 0K ¢y Kpucramu KyOUUHH
(Ty). 360or oce meror pefa, HEroBa CTPYKTYPHA U €HEPreTCKa CTamba (Tigs Tag Thy
Ta) onpebena cy 3akonnma 3matHor npeceka. OBO je BeoMa BaXKHO jep je mo pBU
IyT y UCTOPHjH JbYJACKOT pOjja CTBOPEHA MaTCpMjasiHa CYICTAHIA Ca €HEPreTCKUM
CBOjCTBMMa KOja MOCE/yje 3aKOH 3JIaTHOT MPECeKa.
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Wkocaepapcka cumeTtpuja:

Cumbon | Ckyn poranuonux | Pep KomenTap
TpaHcgopManuja
I C;, Cs 60 | Oprosapajyha  porauuja MIpaBMJIHOT
MKOCae/[pa Uiy JoieKaeipa 0OKO CBoje Oce.
Iy C;, Cs, @ 120 | Cse onepanuje ykibyuyjyhu pednekcujy u
UHBEP3H]Y

120 onepanmja: E, 12 Cs, 12 C%5, 15 Cy, i, 12 810,12 §%10,20 S¢ 15 &

Ceo Monekyn: 60 yribeHMKOBUX aTOMa,
12 menTarosa,
20 xekcarosa,
30 nBOCTpPYKHX Be3a

Yrao usmeby gBOCTpyKe Be3e H BeHE CyCe/lHE IEHTarOHaHE MbOCHHU:

Y= oos‘][loos 3_7tj
2 5

Yrao n3Meby Be cycenHe XeKcaroHajiHe MIbOCHM:

2
— oo | 8fsin3n)
¢ = C0os [3(“”10] 1}

Yrao I/I3M6by CyCETHUX XCKCaroHaJlHUX U NEHTarOHAaJHUX IIJbOCHU:

1
92‘5(7'5—4))—\)!

(1] Koruga, D., Hameroff, S., Withers, J., Loutfy, R., Sundareshan, M., Fullerene Cg:
History, Physics, Nanobiology, Nanotechnology, Elsevier Science Publishers B.V.,
Amsterdam, 1993.
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CRYSTAL STRUCTURE OF THE 2-METHOXYESTRA-
-2,5(10)-DIENE-1,4,17-TRIONE

B Ribar °, A.Kapor *, D. Milié , B. Solaja and M.Gagi¢ "

* Institute of Physics, Faculty ofSuences, Trg D.Obradoviéa 4, 21000 Novi Sad
® Faculty of Chemistry, University of Belgrade, Studentski trg 16, P.O.Box 158, 11000
Belgrade

Within the systematic analysis of steroid natural product - like compounds containing 1,4-
-quinone moiety, we have analyzed the process of the synthesis of steroidal ring A p-
quinones in order to expand our knowledge of the structure - activity relationships.
Biochemical analyses have shown that steroidal quinone exibits much more pronounced
cytotoxicity in the lethality assay than the corresponding natural product avarone [1] and
that it is the most toxic unsubstituted derivative in this series. In this work we present the
structure of 2-methoxy derivative whose yellow needle — shaped crystals were obtained from
MeOH solution.

Data from single crystal samples of the dimensions 0.8 x 0.2 x 0.1 mm were collected on
the RIGAKU AFC6 diffractometer with graphite monochromator, using CuKo
radiation. 1894 independent reflections were recorded. The crystal belongs to the
orthorombic system with unit cell parameters a=8.483(2), h=29.053(3), ¢=6.675(3) A,
space group P2,2,2,. The structure was solved by the direct method (SHELXS86) and
refined (SHELXL93) anisotropically up to final R-factor 0.0627 for 1890 reflections and
210 parameters (S=0.959). The positions of hydrogen atoms were generated from the
assumed geometry, verified in the difference Fourier map and refined isotropically with
common displacement parameter U=0.062(9) A>. For methyl hydrogens the common
isotropic displacement parameters was calculated with the final value of U=0.085(19) A%,
The maximum and minimum of the electron density in the Ap map is 0.399 and —0.504 eA™,
respectively.

The analysis of the geometry indicates good agreement with the theoretical values of the
chemical bond lengths in the similar compounds. There exist three double C = O bonds
(02-C1=1.209(12) A, 03-C4=1. 2?7(]1) A, 04-C17=1 22(2) A) and two C (sp )-C (sp )
double bonds (C2 C3=1.330(14) A C5 C10=1.350(13) A) The Lonfommllon of the A ring
is screw-boat S¢, B ring is half-chair HJ, C ring is ideal chair Cl, while D ring is in the
usual half-chair conformation.

[1] Solaja, B.A_, Mili¢, D.R., Gasié, M.1., Tetrahedron Lett., 37 (1996), p. 3765-3768
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KPUCTAIIHA CTPYKTYPA 2-METOKCUECTPA-
-2,5(10)-AMEHA-1,4,17-TPUOHA

b.Pu6ap 2, A.Kanop 2, I.Munuh S, B.llonaja © 1 M.I'auuh ©
Huerntyr 3a ¢pusuky, [papoxgro-maremariakn gakyarer, Tpr [.O6pajosmtia 4,
21000 Hoswn Cazg

Xemujckn gpaxynrer, Yausepsurer y Beorpany, Crygenrcku Tpr 16, m.i1. 158,
11001 Beorpay

Y OKBHpY cHCTEMaTCKe aHalM3e CTCPOMIHUX jeIMBCHA KOja CY CIMYHA NPUPOIHIM
IpofyKTuMa ca 1,4-XHHOHCKOM TDYyINOM, aHaJW3WpaH je NpoUec CHHTe3e
CTEPOMJATHOr A TNpPCTEHa p-XMHOHA Yy LMJbY Aa/be aHalIM3e pellalije CTPYKTypa-
aKTHBHOCT. buoxemujcke aHanmuse Cy mokasaje fa CTEPOMIAHM XHHOH MOKasyje
MHOI'O M3PaXKCHU]y UUTOTOKCHYHOCT Yy TECTYy JETAJHOCTH, HEro OArosapajyhu
IPUPONIHY MIPOJYKT aBapoH [1] u fa je y TOj cepuju HaJTOKCUIHH]U HECYOCTUTYHCAaHH
flepuBaT. Y OBOM pajly je pelleHa CTPYKTypa 2-METOKCH JiepHBaTa 4MjU Cy XKyTH
UTJIMYacTd KpUctanu gobujern u3 pacrsopa MeOH.

Monokpucranun ysopak paumensuje 0,8 x 02 x 01 mm cHummbeH je Ha
mudpakromerpy RIGAKU AFC6 ca rpaduTHIM MOHOXpOMATOpOM, KOpuIhemem
CuKo pamujaunje. Cakymubene cy 1894 nesasucHe peduekcuje. Kpucran npunaga
OPTOPOMOMYHOM CHCTEMYy ca HapaMeTpuma cleMeHTapHe hennje «=8,483(2),
b=29,053(3), ¢=6,675(3) A, mpocropue rpyne P222,. CrpykTypa je pernena
nupekTHOM Metofom (SHELXS86) u yraumena (SHELXIL93) anmsorponso 10
koHayHor R-akTopa 0,0627 3a 1890 peduekcnja n 210 napamerapa (S=0,959).
ITonoxaju BOTOHMYHAX aTOMa Cy FeHepHCaHn U3 nocrojehe reomerpuje, NpoOBEPEHH
y ancepentroj Oypuje Many U yTaumbeHH H30TPOITHO Ca 3aje[IHIIKUM TapaMeTPOM
Heonpehenoctn nonoxaja U = 0,062(9) A’. Usgsojen je 3ajeIHMUKH U30TPOINHN
(hakTOp METHIIHMX BOJOHMKA, uHja je KpajHja Bpenoct U = 0,085(19) A%, Makcumym
¥ MUHEMYM €JIEKTPOHCKE TycTHHE Y Ap Mamn je 0,399 1 -0,504 ¢ A~

AHaIIM30M T€OMETPH]E YOUEHO je 0OpO Clarame ca TEOPUjCKUM [YKIUHAMA XEMUj-
CKMX BE3a y CIMUHHM jefumewuma. [Tocroje Tpu psoctpyke C = O pese (02-
-C1=1,209(12) A, 03-C4 = 1,237(11) A, 04-C17=1,22(2) A) u niBe C(sp?) - C(sp’)
aBocTpyke Bese (C2-C3 = 1,330(14) A, C5-Cl0=1 ,350(13) A). Kondopmanuja npcrena
A je yBpHyra-kpeseracra 'Sg, npcresa B je mosmy-crommuacra “H, , nperena 1]
uaeanHo crommyacra ‘C, , JOK je [l npcren y yoOHYajeHO] #0gy-CTOIHYACTOf
KOH(opMaImju.

(1] Womaja, B.A., Munub, [1.P., Tamuh, M.J., Tetrahedron Lett., 37 (1996), p. 3765-
-3768
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STRUCTURE OF 17-METHYL-16-NITRILE-16,17-SECO-
-4-ANDROSTENE-3,17-DIONE

D. Lazar, S. Stankovi¢, P. Radivojevié, K. Penov-Gasi, O. Arcson
Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradoviéa 4, 21000
Novi Sad

The investigations on structure-activity relationships of potential anti-estrogens and anti-
androgens were continued by the synthesis and structure determination of 17-methyl-16-
-nitrile-16,17-seco-4-androstene-3,17-dione. The compound was synthesized from 3f-
-hydroxi-16-oximino-5-androstene-17-one in several steps.

The structure was solved by the direct method using SHELX76 [1] and refined by the
SHELXIL93 [2]. Crystal data: orthorhombic system, P2,2,2,, a = 8.929(2), b = 10.022(3),
c=19.651(9) A, Z=4, R = 0.044.

The energy minimum conformation was determined by the molecular-mechanics
calculations.

Preliminary investigations showed that the compound represents potential androgen
biosynthesis inhibitor.

[1] Sheldrick, G. M., SHELX76, Program for Crystal Structure Determination. University
of Cambridge, England (1976)

[2] Sheldrick, G. M., SHELXL93, Program for Crystal Structure Refinement. University of
Gottingen, Germany (1993)
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CTPYKTYPA 17-METUIJI-16-HUTPUJI-16,17-CEKO-4-
-AHOPOCTEH-3,17-TUOHA

1. JJazap, C. Craukosuh, I1. Pagusojesuh, K. Ilenos-I'amm,

O. Arcson

Tpnpogro-maremarnakn axynrer, Yunsepsurer y Hosom Cagy, Tpr [Jocnreja
Obpagosrha 4, 21000 Hosn Can

Ucrpaxnpama 3aBHCHOCTHI CTPYKTYpa-aKTUBHOCT  KOJ MOTEHIHjaTHIX
AQHTUECTPOrCHA W AaHTHAHJPOTreHa HACTaBJbEHa Cy CHHTE30M U ofipebuBamem
crpykrype 17-metun-16-autpuin-16,17-cexo-4-angpocren-3,17-quona. Jequmeme je
CHUHTECTH30BaHO W3 3B-XHMIPOKCH-16-OKCUMHUHO-5-aHIPOCTEH-17-0Ha y HEKOJUKO
KOpaka.

Crpykrypa je peuieHa AUpeKTHOM MeTopoM nomohy SHELX76 [1] u yraumena
nomohy SHELXL93 [2]. Kpucranorpadcku noganu: OpTOPOMOMYHE CUCTEM, P2,2,2),
a=18,929(2), b=10,022(3), ¢ = 19,651(9) A, Z=4, R = 0,044.

Koudopmanuje ca mMunumymoM eHepruje ofpebene cy nomohy MonekymapHO-
-MEXaHUUKHUX IpopavyHa.

[lpenuMuHapHa  WCTpakMBama IIOKazala Cy Ja  JeMIbEHE  MpEJCTaBlba
MOTCHIMjaTHI HHXUONTOP OMOCHHTE3e aHAPOreHa.

[1] Sheldrick, G. M., SHELX76, Program for Crystal Structure Determination. University
of Cambridge, England (1976)

[2] Sheldrick, G. M., SHELXL93, Program for Crystal Structure Refinement. University of
Gottingen, Germany (1993)
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STRUCTURE OF 33-ACETOXY-17-KETO-METHYL-16-
-NITRILE-16,17-SECO-5-ANDROSTENE

D. Lazar, S. Stankovi¢, P. Radivojevi¢, K. Penov-Gasi, E. Djurendié
Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradoviéa 4, 21000 Novi Sad

3B-acetoxy—17—keto—methyl—16—nitrile—l6,17-seco-5-androstene was obtained in three steps
from dehydroepiandrosteroneacetate, whose absolute configuration has been known for a
long time.

The structure was solved by the direct method using SHELX76 [1] and refined by
SHELXL93 [2]. Crystal data: orthorhombic system, P2,2,2,, a = 5.946(2), b = 16.120(2),
¢=20.746(3) A, Z=4, R = 0.047.

Molecular mechanics calculations were performed to determine the energy minimum
conformation.

Preliminary investigations showed that the compound represents potential androgen
biosythesis inhibitor.

[1] Sheldrick, G. M., SHELX76, Program for Crystal Structure Determination. University
of Cambridge, England (1976)

(2] Sheldrick, G. M., SHELXL93, Program for Crystal Structure Refinement. University of
Gottingen, Germany (1993)
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CTPYKTYPA 33-AHETOKCU-17-KETO-METUJI-16-
-HUTPNJI-16,17-CEKO-5-AHJIPOCTEH

[1. Jlazap, C. CraukoBuh, I1. PaguBojesuh, K. ITenos-I"amm,

E. Bypeunuh

lIpupogro-maremarniku gpaxynrer, Yunpepsurer y Hosom Cagy, Tpr Hocnreja
Oo6pagosrha 4, 21000 Hosn Cay

Jemumemwe  3B-anerokcu-17-keTo-mMeTun-16-anTpui-16,17-ceko-5-auapocren  je
A0OHjCHO y TpM KOpakKa M3 AEXMAPOCHMaHAPOCTECPOHALETATa, UMja je amcoIyTHA
KoH(urypauuja Beh ogasHo nmosuara.

Crpykrypa je pemena aupekTHoM metopoMm momohy SHELX76 [1] u yraumena
nomohy SHELXI.93 [2]. Kpucramorpadckn nofamy: opTopoM6UUIHN cuctem, P2,2,2,,
a=5,946(2), b= 16,120(2), ¢ = 20,746(3) A, Z = 4, R = 0,047.
MornekynapHO-MeXaHHYKH ~ NPOpPAauyyHM Cy H3BEAEHH Jla OM ce Ofpeauie
KOH(bopManyje ca MUHUIMYMOM CHEpruje.

[IpenmumiHapsa  uWcTpakuBawka Cy TOKasala Jia  jCANIEHE MpeicTaBlba
NOTEHUMjaNHI MHXHONTOP GHOCHHTE3E aHPOreHa.

[1] Sheldrick, G. M., SHELX76, Program for Crystal Structure Determination. University
of Cambridge, England (1976).

[2] Sheldrick, G. M., SHELXL93, Program for Crystal Structure Refinement. University of
Gottingen, Germany (1993).
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STRUCTURAL, SPECTRAL AND ENERGETICAL
INVESTIGATIONS OF 2,2'-BIS(SALICYLOYLOXY)-N-
-SALICYLOYL-DIETHYLAMINE

S. Stankovi¢ °, D. Lazar *, A. Kalman °, Gy. Argay °, E. Purendi¢ :

K. Penov Gasi *, I. Gut *

* Fuculty of Sciences, University of Novi Sad, Trg Dositeja Obradoviéa 4, 21000 Novi Sad,
Yugoslavia

® Central Research Institute for Chemistry, Hungarian Academy of Sciences, Hungary

The title compound has been obtained by transesterification of methyl-salicylate and
ethanoldiamine in the basic catalysed conditions at 150 °C during 2.5 hours. On the basis of
the preliminar investigations it seems that 2_,2'—bis(salicyIoyloxy)—N-salicyloyl-diethylamine
could be used in the Fe**- ion formation.

o)

gp._.014 024 .9-30

]
C=07
06

The compound has been subjected to X-ray structural analysis. Crystal data: C,sH,3NOg,
monoclinic, P2)/a, MoKo, a = 10.803(3), b = 14.026(3), ¢ = 15.966(2) A, B =105.52(1) °,
final R = 0.047. Hydrogen bonds found in the crystal:

D-H...A H.. A®A) D..A(A DHA (°)
06 - H6 ... 07 (0.5+x,0.5-y,z)  1.852(3) 2.672(3) 178.8(9)
020-H20...014 (intramolec.) 1.879(2) 2.600(3) 146.0(2)
030-H30...024 (intramolec.) 1.893(3) 2.581(5) 141.13)

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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CTPYKTYPHA, CITEKTPAJIHA 1 EHEPTETCKA
NCIITNTUBABA 2,2'-BUC(CATTMIMAIIONIIOKCH)-N-
-CAIMOUIIONIT-INETUNTTAMMWHA

C. Crankosuh 2, [1. JTazap 2, A. Kalmén 5 Gy. Argay S,
E. Bypenauh 2, K. ITenos I'amm 2, U.I'yT 2
A [Ipupogro-maremarnykn akynrer, Yansepsnrer y Hosom Cangy, Tpr [ocureja
Oo6pagosrha 4, 21000 Hopm Cag, Jyrocnasmja

LleHTpanuu nerpasknBadki HHCTHATYT 3a xeMujy, Mabapcka akagemmja HayKa,
Mabapcka

Peakuujom TpaHcecTepuuKalije MCTUI-CaNUIUIaTa U €TaHOJIMaMKHa npu Ga3Ho-
-KaTalN30BaHUM YCIIOBHMa y IPUCYCTBY ofiroBapajyher HaTpujym-aJKOKCHa Ha
150°C y TOKy 2,5 waca pfo0HjeHO je jemumeme 2,2'-Ouc(camuiuiuonaokcn)-N-
-CaNMIUIONI-IMETUIIAMUHA. JeMibembe MoKadyje OCOOMHY KOMILIEKCUpama ca
F63+—jOHOM.

O

2 L
2 o 024 .

]

C—O'—(CHz)z_I\lI—(CHz)J‘“O—‘—C

C=07
06

Jenumeme je IOABPTHYTO pPEHATCHOCTPYKTYpHOj aHanusu. Kpucranorpadgceku
nopanu: CysH,3NOg, MOHOKIIMHCKY crcTeM, P2y/a, MoKo, ¢ =10,803(2), b = 14,026(3),
c=15,966(2) A, B = 105,52(1)°, konauna BpeHocT R = 0,047. BononnuHe Be3e HabeHe
y KpUcTamy:

D-H..A H.. AGA D...AA DHA (°)
06 - H6 ... 07 (0,5+x;0,5-y;z)  1,852(3) 2,672(3) 178,8(9)
020-H20...014 (uaTpamorex.) 1,879(2) 2,600(3) 146,0(2)
030-H30...024 (uaTpamonex.) 1,893(3) 2,581(5) 141,1(3)

Ha noparke pjoOujeHe pEHATGHOCTPYKTYPHOM — aHAM30M  IPUMEHCHA  CY
MOJIEKYJIaPHO-MEXAHMUKH MIPOPATYHU Yy UWBY foOHjakba KOH(OPMALMje jENHmbEHa
MpH CHEPreTCKOM MHUHUMYMy. Takobe cy CHEUMIbCHM U aHANM3MPAHN EIEKTPOHCKH
CIIEKTPH jeIUH-EHA Y UBPCTOM CTakby U 3aMP3HYTOM PacTBOPY.
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COMPARISON OF THREE DATA SETS OF
[BENZOYLACETONE S-METHYLISO-
THIOSEMICARBAZONATO(2-)]-
-PYRIDINENICKEL(II) AND STRUCTURE OF THIS
COMPLEX

G. A. Bogdanovi¢ *°, A. Spasojevi¢-de Biré ® V. Cesljevic ¢,

V. M. Leovac *

* Institute of Nuclear Sciences "Vinca", Lab.020/2, P. O. Box 522, 11001 Belgrade
b Laboratoire de Phisico-Chimie Moléculaire et Minérale, URA 1907 du CNRS,
Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex, France

¢ Institute of Chemistry, Faculty of Sciences, University of Novi Sad, Novi Sad

The title compound, [Ni(L)Py] (L is the dianion benzoylacetone S-methyliso-
thiosemicarbazone, C;7H sN,OS) was prepared by reaction between warm ethanolic solution
[Ni(HL)NH;]I (HL is the monoanion benzoylacetone S-methylisothio-semicarbazone) and
pyridine. The nickel atom has a square-planar coordination.

Dark red crystals of the complex crystallize in the monoclinic system, space group P2,/c.
Structure was solved by program SHELXS86. Parameters were refined using program
SHELXIL93 for 217 parameters. H atoms were placed at calculated positions.

We have measured three data sets on Enraf-Nonius CAD4 diffractometer using different
single crystals and different experimental conditions:

1. 5630 independent reflections, 2811 observed for F24o(F), resolution=0.59 A, maximum
time limit for a final scan=120 s, R1=0.054

2. 4140 independent reflections, 2402 observed for F246(F), resolution=0.74 A, maximum
time limit for a final scan=90 s, R1=0.045

3. 5011 independent reflections, 2982 observed for F246(F), resolution=0.70 A, maximum
time limit for a final scan=70 s, R1=0.041

Other crystal data for [Ni(L)Py] complex are: NiC;;H;sN,OS, M=385.12, D .=1.484 g/cm3,
F(000)=800, u(MoKo)=1.258 mm’', A(MoKa,)=0.71073 A, /20 scan.

On the example of the [Ni(L)Py] complex will be discussed the differences of the final results
of x-ray structure analysis for mentioned three data sets. The influence of the choice of crystals
and parameters for the data collection on the quality of the final parameters of the structure
(such as interatomic distances and angles) will be also discussed.
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[IOPEBEILE TPU TPYTIE TIOJJATAKA [S-METUIJI-
M30TUOCEMUKAPBA30HBEH30MJI-
ALIETOHATO (2-)-TTMPUIVHHUKIIA(II) U
CTPYKTYPA OBOT KOMINIEKCA

. A. Bornanosuh 20, A. Spasojevi¢-de Biré 6, B. Hembenuh B,

B. M. JTeoBan B

a Yycruryr 3a Hykaeapue Hayke "Bumva ", JIao. 020/2, 1. 1. 522, 11001 Beorpajg
6 Laboratoire de Phisico-Chimie Moléculaire et Minérale, URA 1907 du CNRS,

Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex, France

B ucruryr 3a xemmjy, [IM®, Yrnpepsurer y Hopos Cajy, Hopn Caj

Hapsenenu kowmmiaekc, [Ni(L)Py] (L je IMaHjOH S-METHIN30THOCEMUKAPOA30H
Gemsonnanerona, C;H ;sN4OS) je nobujer peakiyjoM TOIIOT €TaHOJHOr PpacTBopa
[Ni(HL)NH;]I (HL je MOHOaHjOH S-MeTHIM30THOCEMUKApOa30H GEH30MIAlETOHA) 1
nUpUARHA. ATOM HUKIIA UMA KBAjIpaTHO-TIIAHAPHY KOOpJMHALH]Y.

TaMHO IPBEHM KPUCTAIM KOMIUIEKCA KPHCTANMIIY Y MOHOKIMHITHOM CHCTEMY y
npocTopHoj rpymu P2;/c. CTpykTypa je peuieHa MporpamoM SHELXS86 a 217
napameTapa je yTaumbeHO KOPHIIhEHCM MporpaMa SHELXL93. Atomu H cy
[OCTABJLEHH Ha U3paUyHATHM NOTIOXKajuMa.

Mu cMO m3MepwiIn Tpu rpyne mopaTtaka Ha Enraf-Nonius CAD4 mugpakTOMETPY
xopucTehu pasnuinTe MOHOKPUCTAJIE U PA3INIUTE EKCICPUMEHTAHE yCTIOBE:

1. 5630 HesaBucHux pediekcuja  Off kojux 2811 omaxkeHHX 3a Fz406(F),
pesonyuuja=0,59, MaKCHMaIHO BpeME 3a (pUHATHO ckenupame=120 s, R1=0,054

2. 4140 wesaemcuux pedpiekcuja of Kojux 2402 omaxkenux 3a  Fz4o(b),
pesonyunja>0,74, MAKCHMAITHO BpeMe 3a (PUHATHO ckennpatbe=90 s, R1=0,045

3. 5011 wmesasucHux pecnekcuja of Kojux 2982 omaxenux 3a Fz4c(F),
pesonyiuja=0,70, MaKCHMaITHO BpEME 33 (PUHATHO ckenupame=70 s, R1=0,041
Ocranu kpucraigorpadcku MOfanu 3a [Ni(L)Py] cy: NiC;H;sN,OS, M,=385,12,
D.=1,484 glem?®, F(000)=800, p(MoKo)=1,258 mm-!, AMoKa)=0,71073 A, «/20
CKCHHpamE.

Ha npumepy kommuiekca [Ni(L)Py] Gulie inckyToBaHe pasimke (puHaNHUX pe3ynrara
PEHATEHO-CTPYKTYPHE aHalM3e 3a MOMEHYTe TPU Ipyle MojaTaka. Taxobe, Ouhe
MCKyTOBaH yTHUI] M300pa KpUCTala M CKCICPUMCHTATHUX yCIOBA HA KBATUTET
napaMeTapa CTpyKType (Kao IITO Cy 1y>KMHE Be3a U yITI0BH Be3a).
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CRYSTAL AND MOLECULAR STRUCTURE OF FIVE-
-COORDINATED COPPER(II) COMPLEX WITH 2,6-
-BIS[1-(METHOXYCARBO-
NYLMETHYLHYDRAZONO)ETHYL]PYRIDINE

K. Andelkovié *, D. Poleti °, S.R. Niketi¢ , R. Tellgren °, D. Sladi¢ *
* Faculty of Chemistry, POB 158, 11001 Belgrade, Yugoslavia
® Faculty of Technology and Metallurgy, POB 494, 11001 Belgrade, Yugoslavia
¢ Inorganic Chemistry, Angstrem Laboratrory, Uppsala University, POB 538,
S-751 21 Uppsala, Sweden

The complex di-{dichloro(2,6-bis[ 1-(methoxycarbonylmethylhydrazono)ethyl]pyridine)-
copper(Il)} monohydrate, [CuCl,L],-H,O, was obtained by a template synthesis from
copper(Il) chloride, 2,6-diacetylpyridine and ethylhydrazinoacetate in a molar ratio of 1:1:2
in methanol. The structure analysis of [CuCL,L],-H,O has shown that Cu(Il) is in a trigonal
bipyramidal environment. The ligand L is coordinated as a tridentate through pyridine and
two hydrazono nitrogen ligator atoms occupying an equatorial and two apical positions.
Other two equatorial positions are occupied by chloride ions.

Crystal data: C33HyyClyCu,N; g0, M, = 957.64, monoclinic, space group P2,/c (No. 14),
a =10.906(5), b = 18.199(6), ¢ = 16.641(6) A, B = 107.18(3)°, V=4024(2) A, Z= 4, d =
= 1.581 g em™, T = 293(2) K, MMo Ko) = 0.71069 A, p(Mo Ko) = 1.385 mm™, N, =
=4242 [I > 26(I)], R =0.066, R,, =0.140, S = 0.951.
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KPUCTAIJTHA Y MOJIEKYJICKA CTPYKTYPA
BAKAP(IT) KOMITIEKCA CA 2,6-6uc[1-(METOK-
CUKAPBOHUJIMETUIXUOPABOHO) ETHI-
-ITMPUIMIHOM KOOPJMHAIIMOHOT BPOJA 5

K. Anbenkosuh 2, 1. [Tonetu ©, C.P. Hukeruh 2, R. Tellgren &,

. Cnaguh @

& Xemmjckn gpakyarer, m. op. 158, 11001 Beorpay

O Texmomouiko-meranypuiki pakyaret, i. np. 494, 11001 Beorpax

8 Inorganic Chemistry, An gstrem Laboratory, Uppsala University, POB 538,
S-751 21 Uppsala, Sweden

TemmatHoM cunTe3oM u3 Gakap(Il)-xmopupa, 2,6-IHANETHINMPUANHA ¥ ETHII-
xujpasunoaneraTa (y mMonckoM opHocy 1:1:2, y Meranony) g06HjeH je KOMIJIEKC
AU-IEX10pOo(2,6-61c[1-Me TOKCHKapOOHMIME THIXMIPA30HO ) T |TMPUAMHO ) 6a-
kap(ID) }-monoxupapat, [CuClLL-H,O. Penprescka cTpyKTypHa aHamusa KOMILIEKCA
[CuCLLL'H,O nokaszana je ma ce Cu(ll) Hamasu y TPHCOHANHO-GUIMPAMUIATHOM
OKpY3KEHby, [1a j€ JMraH] KOOPAMHUPAH Kao TPUICHTAT MPEKO MUPUAMHCKOT U ABA
XUJpa30HCKa a30Ta, KOjU 3ay3uMajy eKBaTOPMjallHU 1 1BA alMKaaHa [ojoxkaja. [Isa
IpeocTalla EKBaTOPUjaIHa MeCTa 3ay31UMajy XJIOPU/-jOHM.

o
]

Kpucranorpadeku nopanu: Cy3HyyClLiCuaN0OQg, M, = 957,64, MOHOKIMHHUAH, poc-
TopHa rpyma P2/c (Op. 14), a=10,906(5), b=18,199(6), c=16,641(6) A, B =
=107,18(3) °, V=4024(2) A’, Z= 4, d, = 1,581 g cm™, T = 293(2) K, A(Mo Kar) = 0.71069 A,
(Mo Kor) = 1,385 mm™, N, = 4242 [I > 26(1)], R = 0,066, R, = 0,140, S = 0,951 .
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GEOMETRY ANALYSIS OF THE SINGLE CRYSTAL
STRUCTURE OF SOLID SOLUTIONS
(Al+Cry) (H20)6(NO3)3:3H,0

A. Kapor *, S. Raki¢ *, M. Vu¢ini¢ * and N. Furmanova °

* Institute of Physics, Faculty of Sciences, University of Novi Sad,Trg D. Obradoviéa 4,
21 000 Novi Sad

® Institute of Crystallography, Russian Academy of Sciences, Moscow, Russia

Within the framework of the systematic analysis of the series of solid solutions of the type
(Al}(Cry)(H,0)5(NO3);-3H,0, the single crystal structure of the samples obtained from the
aqueous solutions of initial components Al and Cr nitrate nonahydrate [1,2] formed in the
mass ratio 75:25 and 50:50 was refined. X-ray diffraction method on the crystal powder was
previously used to prove that the compounds are isostructural. During the structure
refinement based on the reflections collected by the diffractometer CAD - 4F, using the
programme SHELXL - 93, the initial input were the known parameters for non-hydrogen
atoms for [AI(H,0)s](NOs);-3H,0. The positions of hydrogen atoms were found in the
difference Fourier map and refined isotropically. Essentially the variable parameter was the
occupancy factor of the heavy ions in the special positions K;(0,0,0) and Ky(1/2,0,1/2)
which was refined starting from the value 0.75 (Al) and 0.25 (Cr) for the compound I and
0.50 (Al) and 0.50 (Cr) for the compound II, respectively. The final values of the R-factor
were 0.038 for 3245 reflections (I) and 0.046 for 3098 reflections (II).

The structure of the studied compounds was used for the analysis of their geometry. The
distribution of Cr** ions at the crystallographic site K; is 0.112(2) I, 0.126(3) II and at the
site K is 0.233(2) I, 0.270(3) 11, indicating to the preferential occupation of the position K,
by the Cr ions of larger radius. This could be explained by the existence of the larger
octahedral hole in the initial compound Al nitrate nonahydrate at the position K,. Analysing
the lengths of chemical bonds between the central ion and the O-atom from the water
molecule in the octahedral environment, one notices the linear increase depending on the
value of the occupational factor. There are no substantial changes of the values of valence
angles in the octahedron.

The existence of the hydrogen bond network of the type O-H...O was also noticed. There
appear four kinds of these hydrogen bonds: Ow-H...Ow, Ow-H...Oy, Om-H...Oy, Oy-
-H...On where Oy is the oxygen from the crystalline water, Oy - the oxygen from the
octahedral environment of the metallic ion, Oy - the oxygen from the nitrate group. Largest
changes were detected in the hydrogen bonds along crystallographic a-axis which can be
explained by the largest expansion of the crystal lattice in that direction with the increase of
concentration of Cr’* jons.

[1] Lazar D., Ribar B., Prelesnik B., Acta Cryst., C47 (1991), p. 2282-2285
(2] Lazar D., Ribar B., Divjakovié V., Meszaros Cs., Acta Cryst., C47 (1991), p.1060-1062
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AHAJIM3A TEOMETPUIE CTPYKTYPE UBPCTUX
PACTBOPA (Al;«Cry)(H,0)6(NO3);-3H,0

A. Kamnop 4, C. Pakuh 2, M. Byunnuh 2 u H. ®ypmanosa ©

A Hucerutyr 3a ¢pusnky, Ipupogro-maremaTnakn gaxyaretr, Yansepsurer y Hosom
Cangy., Tpr . O6pagosmrfia 4, 21000 Hosu Cag

8 Hucruryr 3a Kprcrarorpagujy pycke akajgemije nayka, Mocksa, Pycrja

Y  OKBHUpY  cCHCTEMAaTCKE aHalu3e  CcepHje  UBPCTHX  pacTBOpa  THIA
(Al Cr,)(H0)6(NO3);-3H,O yTaumeHa je KpucTaldHa CTPYKTypa MOHOKPHCTATHHUX
y30paka JIo0MjeHnX M3 BOJIEHUX PAcTBOPA MONA3HUX KOMIOHeHTH Al m Cr HuTpara
HoHaxuzpaTa [1,2] ¢dopmupanux y mMaceHoM offHocy 75:25 m 50:50. TIperxopHo je
yTBpbeHO, METOIOM Mpaxa, Jla e paji O U30CTPYKTYPHUM jenumbemnuma. [Ipunukom
yTaumbaBamka CTPYKTYPE Ha OCHOBY pedhiekcrja CHUMIbEHUX udpakTomeTpoM CAD-
4F, a kopuitheweM nporpama SHELXL.-93 KpeHyno ce O MO3HATUX KOOPJMHATA 3a
HeBofoHnuHe aTome [Al(H,O0)](NO3);-3H,O0 kao mnonasHux. W3 nucdepeHTHE
dypujeoBe Mane HabeHH cy MOJOXKaju BOJAOHMKOBHX aTOMa KOjU Cy yTa4H€HH
U30TPONHO. JequHu OMTHO NPOMEH/BMBM MapaMeTap je OuO OKyHnamuoHH (akTop
TEIKOr aToMa y cnenujananM nomnoxajuma Ki(0,0,0) n K;(1/2.0,1/2) koju je
yTaumaBaH nonasehu o Bpeguoctn 0,75 (Al), 0,25 (Cr) 3a jepumeme I, u 0,50 (Al),
0,50 (Cr) 3a jenumeme II. Konaune Bpennoctn R-paktopa cy 6une 0,038 (I) ogHocHO
0,046 (1) 3a 3245 (I) u 3098 (I1) pecpiiekcuja.

Ha ocHOBY cTpyKType MCHMTaHMX jeMHEHa U3BPIIMIN CMO aHAIM3y I'€OMETpH]E.
Hucrpubynuja jora Cr3* Ha kpucranorpadekom mecry K je 0,112(2) I, 0,126(3) 11, a
Ha mecty K, je 0,233(2) 1, 0,270(3) II, ykasyje Ha npedepeHTHY OKyMaI[Hjy NOIokKaja
K, jomuma Cr3* koju cy Beher papmjyca. OBa ummeHMIA ce MOXe OOjaCHUTH
nocrojambeM Behe oOKrTaejapcke WIYIUBMHE Y TOJIAa3HOM je[iMieiy AJl HUTpaTa
HOHaxujpaTra Ha nojoxajy K,. Ynopebusawmem Jy>KuHe XeMHjCKHX Beza u3mehy
LEHTPAJHOI jOHa M KHUCEOHMKA M3 MOJIEKYJla BOJC y OKTAaCapCKOM OKPYKECHY
yoyaBa ce¢ JTMHEapHO noBehame y 3aBUCHOCTH Ol BEJIMUHHE OKYHAIIMOHOT (hakTopa.
Hema 3npauajHux npoMeHa y BpeJHOCTHMA BaJICHTHUX YIJIOBA Y OKTaeApy. Y OueHa je
1 Mpexka BofoHnuHEX Besa Tuna O-H...O. ITocToju yeTupu BpcTe OBHX BOJOHWUHMX
Be3a: Oy-H...Ow, Ow-H...Oy, Oy-H...Oy, Oy-H...Oy, riie je Ow KUCEOHUK U3 KPHCTaHE
BO/ie, Oy KMCEOHHK M3 OKTAaelapCKOr OKpYXKeHa METAIHOT joHa, Oy KHCCOHMK U3
HUTpaTHe rpyne. Hajsehe npomeHe Tpre BOJLOHMYHC Be3e KOje JIeKe Y IpaBIy
a-KpucTajorpadcke oce IITO ce MOXe O0jaCHUTH HajBehUM IMpemeM KpUCTalHe
pelIeTKe y TOM npasuy ycien noseharma KoHieHTpanuje jona Cr3+,

[1] Lazar D., Ribar B., Prelesnik B., Acta Cryst., C47 (1991), p. 2282-2285
[2] Lazar D., Ribar B., Divjakovi¢ V., Meszaros Cs., Acta Cryst., C47 (1991), p.1060-1062
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ANALYSIS OF CCD DATA FOR [4-(0o-DIPHENYL-
PHOSPHINE-o-ETHOXY-BENZYL)-3-METHYL-1-
-SALICYLIDENE-
ISOTHIOSEMICARBAZIDO]NICKEL(II)

G. A. Bogdanovié¢ *", A. Spasojevi¢-de Biré °, C. Fluteaux ©,

V. M. Leovac °

* Institute of Nuclear Sciences "Vinéa", Lab. 020/2, P. O. Box 522, 11001 Belgrade
® Laboratoire de Phisico-Chimie Moléculaire et Minérale, URA 1907 du CNRS,
Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex, France

¢ Laboratoire de Structures Electroniques et Modelisation,

Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex, France

4 Institute of Chemistry, Faculty of Sciences, University of Novi Sad, Novi Sad

The title compound, NiL (L is the dianion 4-(o-diphenylphosphine-a-ethoxy-benzyl)-3-
methyl-1-salicylidene-isothiosemicarbazide, C3;HpsN3O;SP) was prepared by template
reaction of salicylaldehyde S-methylisothiosemicarbazone with 2-(diphenylphosphino)-
benzaldehyde.

We have used a Siemens CCD-based SMART diffractometer system equipped with a Mo-
target sealed-tube X-ray source (opereted at 2000 watts) to collect data set on a single-crystal
specimen of NiL complex at room temperature. Detector was placed at a distance of 5 cm
from the crystal. First part of 6400 frames of data was collected with 50 second exposure time
(on 14° in 26 swing angle) and 0.1° frame widths in @. Second part of frames was collected
with 160 second exposure time (on 28° in 26 swing angle) and 0.1° frame widths in .

The frames were integrted with Siemens SAINT 3D software package. The integration of data
using a centrosymmetric triclinic unit cell yielded a total of 13857 reflections, of which 8390
were independent and 7561 (90%) were greater than 46(F). The final cell constants for P1 unit
cell of dimensions @=9.1720(2), b=12.2492(3), ¢=12.9400(3) A, ©=90.7376(5),
B=104.7757(4), ¥=101.3404(6)°, were obtaind from the refinement of full data set.

Parameters were refined using program SHELXIL93 till the final result R1=0.048 for 7561
reflections and 343 parameters (R1=0.028 for 4900 reflections). These results and results of X-
ray structure analysis will be compared with the previously reported analysis.

Other crystal data for NiL complex are: NiC;oHpN3O3SP, M,=584.29, A(MoKo)=0.71073 A,
D=1.411 glem®, F(000)=608. u(MoKo)=0.872 mm’', pm=0.052 e/A’, ® scan,
resolution>0.64 A.
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AHAIJIN3A CCD ITOJTATAKA [4-(o-
NMUOEHUITPOCPNHO-0-ETOKCU-BEH3WJIT)-
METUII-1-CATIMOUIEH-
N30TUOCEMUKAPBA3NIOHUKAJII)

I'. A. Bornanosuh 0, A. Spasojevié-de Biré ©, C. Fluteaux ?,

B. M. JleoBan *

A Yuerntyr 3a Hykmeapue Hayke "Bmirga ", J1a6. 020/2, m. 1. 522, 11 001 beorpajg
6 PCM, Ecole Centrale Paris, 92295 Chdtenay-Malabry Cedex, France

B SEM. Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex, France

* Hucrutyr 3a xemu]y, IIM®, Yunsepsurer y Hopom Cagy, Hosu Cajg

Hasepeno jequmebe, NiL (L je ananjoH 4-(o-mucpernnpocuHO-0-e TOKCH-OEH3MIT)-
3-meT-1-cammuunen-u3otnocemnkap6asuga,  CiHysN3;O,SP)  mobujeHo je
TEMIUTATHOM pPEaKIHjoM S-METHIM30THOCEMHKapOa3oHa CalvuuiIajjexnia ca 2-
-(mucpennit pochnuHOo)OEH3ATICXIIOM.

Kopuirhewmem Siemens SMART  judpakromeTpa  ca CCD peTeKTopoM u
MOJTHOIEHCKIM H3BOPOM PEHJIFCHCKOT 3paueka (Ha pajHOM PEXuMy Ofi 2000 W),
MPUKYIMIM CMO MOAATKe 32 MOHOKpucTan Nil KomIiekca Ha coOHO] TeMIIEpaTypH.
JleTekTOp je GMO MOCTaB/bEH Ha 5 cm pacTojama O Kpucrana. IIpsn neo on 6400
rpyne nofataka (26 yrao on 14°) 610 je NPUKYIUBCH Ca BPEMCHOM eKCMo3uInje of
50 s n mmpurom op 0,1° uameby jBe rpyne nojaraka. [pyru aeo nojpartaka (26 yrao
on 14°) Guo je m3MepeH ca BpeMeHOM ckcnosuumje of 160 s u MUPUHOM OfF 0,1°
n3Meby ABe rpyne nojaraka.

Iopauu cy o6pabern Ha Siemens SAINT 3D mporpaMcKoM MaxeTy. WHTerpanujom
nopataka goomjeHo je ykymHo 13857 pedpiekcmja of KOjuX 8390 He3aBHCHUX
onocHo 7561 (90%) pedrexcuja 3a Koje je F240(F). ®unanue gumensuje P-1
jenuumnine henmje onpebene cy yraumaBambeM CBUX II0Oj{aTaKa I OHE Cy: a=9,1720(2),
h=12.2492(3), ¢=12,9400(3) A, 0=90,7376(5), B=104,7757(4), y=101,3404(6)°.
[MapameTpu Cy yTauwaBaHM KopuithewmeM mporpaMa SHELXI.93 1no KOHayHOT
pesynrara R1=0,048 3a 7561 pedunekcnja u 343 mapamerapa (R1=0,028 3a 4900
pednexcuja). OBI pe3yiTaTH U PE3Y.ITaTH PEHATEHO-CTPYKTYPHE aHAIH3C he GuTH
ynopebern ca npeaxosiHo Beh 06jaB/bCHIM pe3ynTaTiMa. Ocrasnu Kpucranorpadcku
nogami 3a NiL kommiaekc cy: NiCigHysN3O0,5P, M,=584,29, MMoKa)=0,71073 A,
D=1.411 glem®, F(000)=608, u(MoKct)=0,872 mm™, pun=1,411 /A%, @ ckenupatbe,
pesonynuja=0,64 A



32

Cis- AND trans-INFLUENCE IN PLATINUM(I)
COMPLEXES. CRYSTAL STRUCTURES OF
cis- AND trans-DICHLORO-BIS(1,4-
-THIOXANE)PLATINUM(II)

7. Bugaréi¢ *, K. Lévqvist " and A. Oskarsson b
‘ University of Kragujevac, Faculty of Science, Department of Chemistry, P. O. Box 60,
_b¥4 000 Kragujevac

Inorganic Chemistry 1, Chemical Center, University of Lund, P. O. Box 124, §-221 00
Lund, Sweden

The bond distances to Pt in a square-planar complex [PtLXYZ] are mainly determined by
intramolecular forces, i.e. the affinity of Pt to the donor atoms as well as the relative
positions of the ligands in the complex (the cis-trans influence). This approximation has
been used previously to discuss cis-trans influences in Pt(II) complexes [1,2]. In order to
studu the affinity of Pt to S in different types of. ligands we have synthesized and
determined the crystal structures of the analogous compounds of 1,4-thioxane. We have
also compiled literature data of geometries for complex [PtS(thioether)XYZ] in order to
analyze the cis- and frans-influence of different ligands on the Pt-S(thioether) distance.

The crystal structures of cis- and trans-[dichloro-bis(1,4-thioxane)platinum(II)] have been
determined from X-ray intensity data collected at room temperature on a CAD 4
diffractometer with A (Mo Ka) = 0.7107 A. The cis compound crystallizes in the space
group P2/n with Z =4, a = 10.614(2), b = 11.283(2), c=11.015(2), B=93.33(1)% and V =
=1316.9(2) A3. The refinement converged to R = 0.057. The trans compound crystallizes
in Pbea with Z =4, a = 7.959(5), b = 8.972(1), ¢ = 18.590(6) A, ¥=1327.5(6)A3 and D,=
=237 ¢g em-L. The refinement converged to R = 0.031. The coordination geometry is
square-planar in both compounds. In the cis compound the Pt-Cl distances are in the range
2.321 - 2.327 A and the Pt-S distances are both 2.273 A. In the trans compounds the Pt-Cl
and Pt-S distances are 2.300(2) and 2.298(2) A, respectively. A literature survey of
platinum thioether compounds gives the following frans influence series on the Pt-S
(thioether) bond distances: CI <S < C.

[1] Norén, B., Oskarsson, A., Svensson, C., Elding, L. 1., Acta Crystallogr., B 46 (1990),
p. 748-750.

[2] Bugaréi¢, Z., Norén, B., Oskarsson, A., Stalhandske, C., Elding, L. L, Acta
Chem.Scand. 45 (1991), p. 361-365
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Cis- U trans-YTUIIAJ Y KOMITJIEKCUMA
ITTATHUHEII). KPUCTAITHA CTPYKTYPA cis- 1
trans-JINXJTIOPO-BUC(1,4-TUOKCAH)ITJTATUHA(I)

XK. Byrapunh 2, K. Lovqvist  u A. Oskarsson ©

* [Ipupopro-MatemaTnikn ¢pakyaret, MucTntTyT 3a xemujcke Hayke, I1. IT. 60,
34000 Kparyjepary

S Heoprancka xemmja 1, Xemnjckn Lenrap, Yansepsurer y Jynay, I1. IT. 124,
C-221 00 JIyan, llBejcka

IyxuHa Be3e npemMa Pt y KBajjpaTHO-IUTaHapHOM KoMiutekcy [PLXYZ] onpebena je
MHTPAMOJIEKYJICKUM CHJIaMa U apuHUTETOM Pt mpeMa JOHOPHOM aToMy, a Takobe
3aBUCH U Of] IoJsioxkaja juraHaga, LXYZ, y kommnekcy (cis-trans yruunaj). OBo je
paHuje OUIO y3eTo 3a JUCKYCHUjy cis- U trans-yTHLaja y KoMiekcuMma ruiatuse(Il)
[1,2]. ¥ uuiby usyuaBamwa auHutera Pt mpema S U3 pasiauuuTUX TUIIOBA JIUTaHAJA,
CUHTETHU30BAJIX CMO U OJIPEIMIIN KPUCTAJIHY CTPYKTYpPY T€OMETPUjCKUX U30MEPA CIs-
u frans-nuxaopo-6uc(1,4-tnokcan)matura(ll) kommiekca. pu ogpebuBamy cis- u
frans-yTHNAja Pa3IMUATUX JIMraHaja Ha Ay>XUHy Bese Pt-S(tuoerpu), kopuiheHu cy
U JTUTEpaTypHHU ITOlaly 3a KoMIuiekce Tuna [PtS(tuoerap)XYZ].

CrpykTypa Kpucrana cis- u trans-guxinopo-6uc(1,4-rnokcan)mnaruna(ll) ogpebena je
nudpaknujoM peHAreHcKkux 3paka A (Mo Ko = 0,7107 A na co6Hoj TEMIlepaTypu
nomohy CAD-4 mudpaxkromerpa. 3a cis KoMIuleke HabeHu cy cnepehu nmapamerpu:
MIPOCTOpHA rpyna P2l/n, Z=4,a=10,614(2), b = 11,283(2), ¢ = 11,015(2), B = 93,33(1)°,
V=1316,9(2) A3 u R = 0,057. 3a rans- u3zomep Habenu cy cnenehu nmapamerpu: Phca,
Z=4,a=195905), b =8972(1), ¢ = 18,590(6) A, V = 1327,5(6) A3 u R = 0,031. Kox
o6a u3oMepa KoopnHaluja oko Pt je kBajgpaTHo-nmaHapHa. [lyskuna Bese Pt-Cl kop
cis-u3oMepa je y omcery 2,321 - 2,327 A, aPt-S 2,273 A. Kop trans-u3omMepa aykKuHa Pt-
Cl Bese je 2,300(2) A, a Pt-S 2,298(2) A ITpennoxen je cnenehu HU3 trans-yrunaja Pt-
S(tuoerap): Cl < S < C.

[1] Norén, B., Oskarsson, A., Svensson, C., Elding, L. L., Acta Crystallogr., B46 (1990). p.
748 - 750

[2] Bugar¢ic, 7., Norén, B., Oskarsson, A., StAlhandske, C., Elding, L. L., Acta Chem.
Scand. 45 (1991). p. 361-365
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THE REFINEMENT OF THE SINGLE CRYSTAL
STRUCTURE OF THE SOLID SOLUTION

(Al;4Fey)(H,0)4(NO3)3-3H,0

M. Vugini¢ °, A. Kapor “ and N. Furmanova ’

* Institute of Physics, Faculty of Sciences, University of Novi Sad, Trg D.Obradovica 4,
21 000 Novi Sad

® Institute of Crystallography, Russian Academy of Sciences, Moscow, Russia

The series of solid solutions (Al Fe,)(H,0)4(NO3);-3H,O with various ratios of the
concentrations (x=0.00, 0.25, 0.50, 0.75, 1.00) was synthesized from the initial components
Al and Fe nitrate nonahydrate [1,2]. Single crystal sample was separated from the solid
solution x = 0.50 and sealed in a quartz capillary due to high sample hygroscopicity. Two
sets of reflections (2936(1), 2571(I1)) were collected by the diffractometer CAD-4F. A
Patterson synthesis (SHELX-86) confirmed that heavy atoms occupy two independent sets
of special position in P2yc, K; (0,0,0) and K, (1/2,0,1/2) both of site symmetry. It was
confirmed that the compounds are isostructural with initial components. The refinement of
the structure was performed using the programme SHELXIL-93. The occupancy factor of
the ions AI’* and Fe’* was refined starting from the value 0.5 for both ions. The positions of
H-atoms were found in the difference Fourier map and then refined isotropically. The final
R-factor was 0.0477 for 2747 reflections and S=1.045 with Ap,;,=-0.77 eA? and
Apmax=0.76 eA?. The refinement was performed for both groups of the recorded reflection
intensities, but it lead to a much better result for the first group for which the variation of the
intensity R;,=0.034(33) is much less than the one for the second group of data
(Rin=0.111(33)).

The final cation distribution in the special positions K;=0.074(2) and K,=0.246(2) shows an
expressed preferential occupation of the position K, by Fe** ions which was to be expected
due to large difference in the ionic radii of AI’** (0.57A) and Fe™ (0.67A).

[1] Lazar, D.,Ribar, B., Prelesnik, B., Acta Cryst., C47 (1991), p. 2282-2285
[2] Hair, N.J., Beattie, J.K., Inorg. Chem., 16 (1977), p, 245-250
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YTAYIABABE CTPYKTYPE MOHOKPUCTAIIA
YBPCTOI' PACTBOPA (Al Fe,)(H,0)s(NO3);-3H,0

M. Byuunuh 2, A. Kanop * u H. ®ypmanosa °

* Hucruryr 3a pusnky, [IpHpogHO-MaTeMaTHIKH (aKyaTeT, Y HHBEp3HTET v Hosom
Cagy, Tpr [I. Oopagosnha 4, 21000 Hosir Cay

8 Hucrutyr 3a kpacranorpagpmy Pycke akagemnje Hayka, Mockpa, Pycuja

Cepuja  uBpcTux pactBopa (Al Fe,)(H,0)s(NOs);-3H,0 pa3lIM4YUTUX  OJHOCA
KoHleHTpanuja (x = 0,00: 0,25: 0,50: 0,75: 1,00) cunTeTH30BaHA je of MmoJja3sHux
KomroHeHTH Al u Fe nutpata Honaxuipara [1,2]. MOHOKpucTanuu y3opak U3][BOjEH
je u3 uBpror pactsopa x =050 M 3aTBOpeH y KBaplHy Kammmapy 360r BenKe
Xurpockonnoctu. JIe rpyne peciekcuja  (2936(I), 2571(II)) cy wusmepene
nucpakromerpom CAD-4F. TlatepconoBa cunresa (SHELX-86) motspmmia je na
TEXaK aTOM 3ay3uMa CIeLUjAIIHE [0JI0XKaje Y MPOCcTOpHOj rpymn P2,/c (K; (0,0,0) u
K, (1/2,0,172)). Cykuecusna ®ypujeoBa CHHTE3a NOTBPAMIA je [a Ce pajgd o
JeIMICEY  M3O0CTPYKTYPHOM — Ca  MOJNA3HHM  KOMIIOHGHTaMa. M3BpIieHO je
yTaumaBame CTpPyKType Kopuiuhemem nporpama SHELXL-93. OkynamuoHn
daxropu jona AI** u Fe3* cy yraumaBann nonasehu opn spegsocru 0,5 3a 06a joHa.
[Tonoxaju aroma BojoHuka Habewn cy y paucepentHoj PypujeoBoj Mamm u
yTaumbenu uzorponHo. Konaunu R-daxrop je 0,0477 3a 2747 pecpnekcuja, S=1,045 u
APmin=-0,77 eA3 Apnu=0,76 eA3. Yrtaumasame je u3BpHmIeHO 3a 00e rpyme
CHUMIbCHUX MHTEH3UTETA pedhiiekca aiiu je Jo0ujeH MHOro 60JbU pesysiTaT 3a IpBY
rpymy, 3a Kojy je Bapujanmja uHTeH3uTeTa R;,=0,034(33), 3HaTHO Mama OJf OHe 3a
npyry rpyny nopgartaka (R;,=0,111(33)).

Konauna pucrpubynmja KaTjoHa y CHENMjalHMM MOJOXajuMa K;=0,074(2) =
K,=0,246(2) nokasyje uspasury npeepeHTHY OKynaimjy momoxaja K, joHnMa Fe3*
LITO je 360r BENUKE Pa3InKe y joHcKuM pagujycuma AlP+(0,57) u Fe3+(0,67 ) Moruo u
Jla ce oueKyje.

[1] Lazar, D.,Ribar, B., Prelesnik, B., Acta Cryst., C47 (1991), p. 2282-2285
[2] Hair, N.J., Beattie, J.K., Inorg. Chem., 16 (1977), p, 245-250
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CRYSTAL STRUCTURE OF Cg4 FULLERENE

J.Blanu$a, Z.Markovi¢, D.Rodié¢
Institute for Nuclear Science “Vincéa”, P.O.Box 522, 11001 Belgrade

Polycrystalline fullerene sample was obtained by arc discharge method. Extraction of
fullerene from reactor dust was done with benzene C¢Hg. It was estimated, from mass
spectroscopic measurements, that sample contains 89 % of Cgy and 11 % of Cy. Diffraction
pattern was taken in 20 region 5°-120°, at powder diffractometer PHILIPS with Ni filtered
CuKo: radiation and A,=1.5406 A , \,=1.5444 A wavelengths. The step lenght was 0.05°
and exposure time 2s. It was found that the sample crystallizes in fcc lattice (space group
Fm3m) with the lattice constant of 14.21 A. The refinement was done according to the
model, which seems to be the best, proposed by Peter W. Stephens et al.[1]. According to
this model two carbon atoms occupy /92 [ positions and one carbon atom occupies 96 j
position, all positions are 50 % occupied. 14 parameters were refined: zero point, scale
factor, lattice constant and mixing parametar; two parameters for halfwidths, three for
background and five for atomic coordinates. It was noticed that after several months a
spontaneous change of structure takes place. The various models of structure have been
discussed.

[1] Stephens, P.W., et al., Nature, 351 (1991), p. 632-634



37
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HHuerutyr 3a Hykmeapre Hayke " Bruada”, m.a. 522, 11001 Beorpag

IMonukpucranun y3opak ¢ynepeHa foGHjeH je METOHOM JyYHOT HPaXKmbCHba.
Ekcrpakumja dynepena u3 peakTopckor Taiora pabena je 66H3EHOM.

MaceHoM creKTPOCKONCKOM aHalM30M yTBPhEHO je f1a je y mpaxy mpucyTHO 89 %
Ceo 1 11 % Cyp. Y30paK je cHUMaH Ha U pakTOMeTpy 3a nosukpucrane PHILIPS ca
CuKo 3pauemem TamacHe myxkuHe A=1,5406 A u A,=1,5444 A ca Ni unrepom y
uHTepBany on 5° no 120° 26 u xopakom ox1 0,02° 1 BpeMeHOM eKCIo3uImje oy 2 s.
Habeno je a no6ujenn ysopak Cgy KpUCTaJIHMIIE y MOBPIIMHCKU [EHTPUPAHO] KyOHO]
pelIeTKH y NpocTOpHOj rpymu Fm3m. KoncranTa pemetke m3mocu a=1421 A.
YraumaBawme je paheHo npema Mopeny Koju ce Haj6o/be MOKa3ao, a KOju cy
npennoxunn Peter W. Stephens u ip [1]. IIpema oBoM MOfiesy iBa aToMa yI/bE€HHKA
3aysumajy ommre /92 | monoxaje IOK ce jeaH aTOM YIJbCHHKA Hamasu y 96 j
TI0JI0XKajy, CBU MOJIOXaju cy 3ay3eTH 50%. YTaumeHo je yKynHo 14 napamerapa: 1o
jenan 3a Hyny Gpojaua, akTop cKalle, KOHCTAHTY pElIeTKe U MapaMeTap Melama,
AABa 32 MOJIYIIMPHMHE JIMHU]jA, TPH 3a MO3aJUHY U MET KOOPAMHATA aTOMa yribeHUKA.
IIpumeheHo je pa mocie BUMIIEMECEYHOT CTajaka JONa3d O CIOHTaHE NPOMEHE

CTPYKTYype.
JIMCKYTOBaHN Cy U pa3TMYHTH MOJIesH CTPYKTYpe (hynepena Cgy .

[1] Stephens, P.W., etal., Nature, 351 (1991), p. 632-634
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WATER-SOLUBLE FULLERENE DERIVATIVES

A.Dordevi¢ *, M. Vopnowc-Mlloradov > J. Canadi® , D. Lazar ° 5

B. Ribar °, N Petranovi¢ °, A. Devederski °

! Facu[ry ofScwnce Institute of Chenusrrv Trg Dositeja Obradovija 3, Novi Sad
Faculr) of Science, Institute of Physics, Novi Sad

¢ Faculty of Physical Chemistry, Beograd

Molecule Cy is a new, third allotropic modification of carbon with 0D dimensionality,
which is chemically reactive and thus opposite of diamond and graphite [1,2]. By
nucleophilic, electrophilic and radical reactions a variety of functional groups can be
attached to fullerene molecule and make it water soluble [3]. In this paper methods for
obtaining water-soluble polyhydroxy dervatives of fullerene were described. Two adducts
were synthesized starting from bromo-derivatives. Substitution of bromine atoms by
hydroxy groups in water and non-water medium, yields water-soluble products. These
materials were investigated by IR, UV/VIS and NMR spectroscopy, and also X-ray powder
analysis of the starting bromine adducts and final water-soluble derivatives of Cg, was
performed. Bromine adduct obtained in catalytic synthesis was determined by TG analysis
and it was tound that 24 bromine atoms are symmetricaly distributed over the fullerene
sphere. From “C NMR spectra (D,O) of water-soluble derivatives (8 = 77.7 ppm for
C40o(OH),4 and & = 168.9 ppm for CgoH, (OH)y ) it was concluded that the addends are
symmetrical. Polyhydroxy derivatives can be used for further derivatization and synthesis of
new compounds with potential biological activities [4].

[1] M.S. Dressellhaus, G. Dressellhaus, P.C. Eklund, Science of Fullerenes and Carbon
Nanotubes, San Diego (1996)

[2] B. Koruga, S. Hameroff, M. Sundareshan, R. Loutfy, J. Withers, Fulerene C60 History,
Physics, Nanobiology, Nanotechnology, Amsterdam (1993)

[3] A. Hirsh, The Chemistry of Fullerenes, Stuttgart, New York, Thieme, (1994)

[4] G. Bogdanovi¢, M. Vojinovi¢-Miloradov, V. Koji¢, A. Pordevi¢, J. Canadi, B. Koruga,
V. Vit. Balti¢, D. Tabs, Archive of Oncology, 5 (1997)
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BOJJOPACTBOPHU NEPUBATU ®YJIIEPEHA

A.BHophesuh 2, M.Bojunosuh-Munopaynos 2, J.Haunanu 2,

O. Jazap °, B. Pu6ap S, H. Ilerpanosuh &, A. JleBeuepcku
& [IM®, uacrutyt 3a xemnjy, 1pr Hocureja Obpagosuha 3, Hosu Cag

S I[IM® nreruryT 3a ¢pusnky, Hosn Cag

8 [IM® Dakynrer ¢puszmike xemmje, beorpajy

Monekyn Cg je HoBa, Tpeha anorponcka Mopudukanuja yribeuka 0D
JMMECH3MOHAHOCTH, XEMMJCKM PEaKTHBaH, 3a pa3jMKy Ojf rpacduTa W JIujaMaHTa
[1,2]. HykneodunnuMm, eneKTPOUIHNM H DPAAMKAJICKHM peakiujamMa ce MOXKe
aipaT Ha (PyJIECPEHCKM MOJEKYN HM3 (PYHKIMOHAIHHMX Tpyla M Ha Taj HauuH
YUMHUTH MOJIEKYJI BOJOpPAacTBOPHUM [3]. Y OBOM pajy Cy onucaHe MeToje 3a
nobujame BOAOPACTBOPHUX, NOIMXUAPOKCHIOBAaHUX fepuBaTa Cg. CHHTETHCAHA CY
nBa BonopactBopHa anykta Cgy momasehu op GpomHEX paepuBata dysepena.
Cyncruryunjom atoma GpoMa XHIPOKCHJIHMM Tpylama, y BOJACHO] U HEBOJICHO]
CPeiMHH JIOOMjeHU Cy BOAOPACTBOPHM mpousBoiu dynepeHa. OBu marepujanu cy
canmibenn IR, UV/Vis 1 NMR cniekTpockomnujom a ypabeHa je u peHjreHcka aHaansa
Ipaxa Moyia3HuX OpOMHMX ajyKaTa M KpajlUX BOAOpacTBOpHMX mpoussopa Cg.
Bpomun agykT moOujeH KaTaJUTHIKOM CHHTE30M je nerepmunucan TG aHAIM30M U
YCTaHOB/LEHO je fa ce Ha cepu  Momekyna Cgy Hamasu 24 CUMETPUUHO
pacnopebenux aroma 6poma. Ha ocHoBy S NMR cnekrapa (D,0O) BogopacTBOpHUX
nepusata Cgy (6=77,7 ppm Cgo(OH)y4 1 3=168,9 ppm C4Hx(OH)y), ycranossbeHO je aa
ce pagu O CHMETPMYHO paacnopebennm ageHguMa 1o chepu  Cg.
Homuxunpokcunosann aepusat Cgy MOXE HOCIY>KUTH 3a Jlalby AE€pPUBATH3ALHA]Y Y
[UJbY CHHTE3€ HOBUX CYINCTAaHIM KOje OM MMase MOTCHIHjaIHy OUOIOIKY aKTHBHOCT
[4]. OBaj MoneKyn 61 MOTao MOCTYKHTH Kao TPAHCIOPTEP aKTHBHUX MPHMHIMIA U
pajMoOaKTUBHUX eJleMeHaTa Kpo3 henujcky MeMOpaHy.

[1] M.S. Dressellhaus, G. Dressellhaus, P.C. Eklund, Science of Fullerenes and Carbon
Nanotubes, San Diego (1996)

[2] D. Koruga, S. Hameroff, M. Sundareshan, R. Loutfy, J. Withers, Fulerene C60 History,
Physics, Nanobiology, Nanotechnology, Amsterdam (1993)

[3] A. Hirsh, The Chemistry of Fullerenes, Stuttgart, New York, Thieme, (1994)

[4] G. Bogdanovi¢, M. Vojinovi¢-Miloradov, V. Koji¢, A. DPordevig¢, J. Canadi, D. Koruga,
V. Vit. Balti¢, D. Tabs, Archive of Oncology, 5 (1997)



40

CRYSTALLIZATION IN A CHAMBER FURNACE

B. Cabri¢," S. Arnaut* and T. Pavlovi¢ °
* Faculty of Sciences, P.O. Box 60, 34000 Kragujevac, Yugoslavia
® Faculty of Philosophy, P.O. Box 92, 18000 Nis, Yugoslavia

We have modeled and installed an air cooler for simultaneously regulating different
crystallization rates in a series of Tamman test tubes in a laboratory chamber furnace,
(Fig.1) with the purpose of obtaining crystals, a family of compounds with unknown
crystallization rates.
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Fig.1. Crystallization apparatus: (/) laboratory chamber furnace; (2)

continuously changeable transformer; (3) air cooler (cold finger); (4) moving
rings; (5) Tamman test tubes.

The crystallization rate in each test tube is regulated by the cross-section of the air flow i.e.
the position of the test tube ring (1). The temperature gradient is regulated by the distance
of the cooler from the furnace top. An expanded cooler can be modeled for regulating
different temperature gradients (different distances of the cooler from the furnace top).
Using several coolers (a family group in the chamber) the crystallization tests can be
expanded fo a matrix: test tubes with various shapes and dimension crystallization rate for
obtaining crystals. This apparatus was applied for obtaining crystals of BaNiy(PO,), (2).

(1) Cabri¢, B., Pavlovi¢, T., Zizi¢, B., Z. Kristallogr., 210 (1995), p.56
(2) Cabri¢, B., Zizi¢, B.,Napijalo, M.Lj. and Pavlovi¢, T., Fizika (Yugoslavia) 22 (1990),
p. 497-501
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KPUCTAIJIN3AIINIJA Y KOMOPHOJ ITERA

b. Ya6puh,® C. Apnayr? u T. I1aBnosuh ©
* Iprpogro-mMaTeMaTnykn akyarer, m.gax 60, 34000 Kparyjepay
S @umosogpeku gpakynrer, m.gpax 92, 18000 Huwr

3a gobujame KpucTana haMumje jenmberba unje 6p3nHE KPUCTANN3AIM]e He 3HaMO,
y 71abopaTOpHjcKOj KOMOPHOj nehu, Mopenupani cMO M WHCTANMpPanud Ba3ylIHM
XNaj{kak 3a perynanujy CHUMYJITaHO PasNMYUTUX Op3MHA KpHCTANM3alHje y HH3Y
Tamman-oBux enpysera (Cin.1).
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Cn.1. Kpucranusanuona anapatypa: (1) Jlaboparopmnjcka KomopHa
neh;, (2) KoHTHHyanHO mpoMeHBHBH — TpaHcgopmarop,  (3)
Baspymmn xmapmwak (xmagan nper); (4) Iokperan nperenosn; (5)
Tamman-oBe enpysere

ITomohy npeceka BasuymiHe cTpyje, Tj. MOJOXKaja IPCTEHOBA ca eNpyBeTama,
peryiauiie ce Op3uHa KpucTanusaumje y cpakoj enpysetu (1). TemmepaTypcku
TPajiMjeHT ce perymmiie momohy pacrojama Xnafmaka of mwiadora nehm. 3a
peryjandjy pasiuudTHX TEMIEPaTypCKUX TpajMjeHaTa (pasiuuura pacTojama
xnanwaka of nnacgona nehm) Moxke ce MopenmpaTH pasrpaHaTH Xjaagmak. Ca
HEKOJINKO XJajikhaka (aHcaMOn hamunuje y KoMopH), mpobe KpuCTanus3anuje ce
MOry TNpOIIMPHUTH Ha MaTpHIly €NpyBeTa Pa3JMuUTHX OONMKa M jgumensuja. To
omoryhaBa cumynTany npo6y pasauuuTHX Tamman-oBHX emnpyseta W Gp3uHA
KpHucTaiu3anuje 3a fobujame kpucrana. OBa anaparypa je IpuMerbeHa 3a [06ujame
kpucrana BaNi,(POy), (2).

(1) Yabpuh, B., ITaBnosuh, T., Xuxuh, B., Z. Kristallogr., 210 (1995), cTp.56
(2) Yabpuh, B., XKuxuh, B., Hanujano M.Jb. u [1asnosuh, T., Fizika ( Yugoslavia) 22
(1990), cTp. 497-501
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X-RAY DIFFRACTION STUDY OF A NEW
FERROELECTRIC LIQUID CRYSTALS

D.Z. Obadovi¢ *, M. Stan¢i¢ * and M. Glogarova ¢

* Institute of Physics, Faculty of Sciences, University of Novi Sad

® Technical Faculty "M. Pupin”, Zrenjanin

¢ Institute of Physics, Academy of Sciences of the Csech Republic, Prague, Czech Republic

X-ray diffraction study of two liquid crystal substances from two series of new chiral
substances with 2-alkoxypropionate chiral groups has been conducted at various
temperatures. The compounds exhibit very wide ferroelectric SmC phases with a high
spontaneous polarization. The study was undertaken with the aim of identifying the
unknown phase SmN. Using X-ray diffraction data on the crystalline powder of unoriented
samples, we have identified the unknown phase as SmB for both compounds. The phase
transitions in cooling are T 130 BP 127 N 125 SmC 56 SmB and I 132 SmC 66 SmB.
We have also determined the temperature depedence of the molecular parameters, the layer
spacing (d) and the average intermolecular distances (D).

[1] M. KaSpar, M. Glogarova, V. Hamplova, H. Sverenyak and S.A. Pakhomov,
Ferroelectrics, 148 (1993), p. 103-110
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METOJA IUPPAKIINIE X-3PAKA 3A
NCIIMTUBABE HOBUX TEUHUX KPUCTAJTHUX
CYIICTAHIUJA ®EPOEJIEKTPUYHOT TUIIA

. K. O6apnosuh 2, M. Cranunh © ang M. I'moraposa ®

* Huernryr 3a ¢usnky, Ipupogro-maremariikn gaxynarer, Tpr /1. O6pagosuha 4,
Yunpepsurer y Hoom Cany

S Texrumuxn pakynrer "M. Iymun ", 3persaHis

® Axapemmja Hayka Perryomnke Yewke, [lpar, Penybonnka Yemka

WcnuTuBame TEYHO KPUCTANHE CYICTAHIHjeé M3 CEpHje HOBOCHHTETH30BAHMX
XUpaJHUX TCYHHX KpHUCTaja ca 2-aKOKCUIPOINMOHATHOM XHPATHOM TIpPYIIOM
M3BIIPEHO je METONOM nudpakuyje peHAreHcKux 3paka. Mcnurusana cyncrasumja
nocejlyje y BeoMa IMMPOKO]j TeMnepaTypckoj obnactu depoenextpuany SmC casy
Ca BHCOKOM CIIOHTaHOM mnonapusanujom [l]. McnuTuBame je BpLIIEHO y UMby
nienTudukanuje HenosHate SmN dase Koja ce hopmupa y npounecy xnabema u3 Sm
xupanHe ¢ase. Ha 6a3u mojaTaka qudpakiyje peHAreHCKUX 3paka Ha KPHCTAJTHOM
npaxy HEOPHjEeHTHCAHOT y30paKa M3BpIIEHA je HIeHTHdUKanuja HerosHate ase
Kao HajBepoBaTHuje SmB chase. YTBpben je chasHu amjarpam ose cyncraHumje y
xnmabesy: I 130 BP 127 N 125 SmC 56 SmB u I 132 SmC 66 SmB. Takobe cy ogpebenn
MOJIEKYyJIapHH ~IapameTpd, feb/brHa CMeKTHYKHX chojeBa (d) m  cpenme
MebypaBaHcko pacTojame (D) Kao 1 BbHMXOBa TeMIepaTypcka POMEHa.

[1] M. KaSpar, M. Glogarova, V. Hamplova, H. Sverenyak and S.A. Pakhomov,
Ferroelectrics, 148 (1993), p. 103-110
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MORPHOLOGICAL CHANGES OF yIRRADIATED AND
ORIENTED ISOTACTIC POLYPROPYLENE

Z. Stojanovi¢, M. Dramiéanin, N. Bibi¢*

Institute for Nuclear Sciences Vinca,

Laboratory for irradiation chemistry and physics of condensed matter 030,
* Laboratory for atomic physics 040,

P. P. 522, 11001 Beograd

A commercial granulate of the isotactic polypropylene (iPP) Neste type VC1064 V was
pressed into a films with thickness approximate 0.7 mm. Samples were oriented in
temperature chamber of a tensile test machine, on the temperature of 110 °C and drawing
rate 10 mm/min. For the morphological characterisations, samples were prepared with draw
ratios A=1, 3, 5.5, 8 and 11.5. Samples were irradiated with y rays “Co up to the integral
doses of 25, 50, 100 and 200 kGy.

From microphotographs obtained by the optical microscope, a little morphological changes
are shown on the supermolecular structure (spherulites and bundles of fibrils) under the
influence of irradiation dose of the 200 kGy. After irradiation, surfaces of the unoriented
samples iPP shows less significant borders between spherulites and increase bending of a
radial lamellas, but on a surfaces of the oriented samples only point defects are visible.
Nanophotographs from the atomic force microscope reveal supramolecular level of ordering
lamellas in unoriented and fibers in oriented samples. Almost parallel layers lamellas with
fine structure of the thin lamellas and grain of single crystal blocks, after irradiation
becomes more bend, thin lamellas disappear, and dimensions of the single crystal blocks are
smaller. Besides, in unoriented samples irradiation induce broad and deepening borders
between spherulites. In oriented samples, bundles of micro fibrils poses well define
structure consisting of nano fibrils with small grain of single crystal blokes. After
irradiation, the mean grains of single crystals blocks decrease, resulting in smaller insight of
a nano fibrils. As a conclusion, it can be said that the structure of fibrils have more invariant
behavior then lamellas under 200 kGy dose of the vy irradiation.

Wide angle X-ray scattering shows a little changes in all types of samples iPP. Namely, 7y
irradiation up to the 200 kGy do not produce changes in a dimensions and a symmetry of a
unit cell, nor a values in distances between diffraction planes and dimensions of crystal
sizes normal on the incident direction of diffraction. Small decreasing on degree of
crystallinity in unoriented samples and increasing on oriented samples was noticed.
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MOP®OJIOIIKE ITPOMEHE y3PAYEHOT U
OPUJEHTHUCAHOTI U3BOTAKTUYKOT
[TOJINITPOITUIIEHA

3. CrojanoBuh, M. [Ipamuhauun, H. Bubuh 2

HUucrntyT 3a HykIeapre Hayke Burya,

Jlaboparopmja 3a pagujagHoHy Xxemujy i ¢puznky uBpcror crama 030,
4 Jlaboparopmja 3a aToMcKy ¢puszuky 040,

1111 522, 11001 Beorpag

I'panysaT KOMepUMjaTHOT H30TaKTHUKOT Nonunporuiaena (iPP) Neste tima VC1064 V
je npecosan y onuje npubmnkaux ne6puna of 0,7 mm. ®onuje cy opujeHTHCAHE y
TEMIEePaTypcKoj Komopu kupanuue Ha 110 °C u 6p3uHoM u3Bnavema oy 10 mm/min.
3a MopdorsomKke KapaKTepHsalije NPUIPEM/BEHH Cy Y30PHH Ca CTEHEHHMA
opujenrammje A=1; 3; 5,5, 8 u 11,5. ¥Y3opuu cy wusnaramu y-3pauewmy “Co o
HHTErpajHuX Jo3a of 25, 50, 100 u 200 kGy.

Mukpocgororpacuje ca ONTHUKOr MMKPOCKONA IIOKa3yjy Maje MOpOIOIKe
NPOMEHE CYNEePMOJIEKyIapHe CTPYKType (ccheponuTa M CHONOBAa BjlaKaHa) MOJ
yTanajeM fosa 3pavema o 200 kGy. HakoH 3pauersa NOBPILUHE HEOPH]CHTHCAHHX
y3opaka iPP moka3syjy Mame uspaxkene rpanuie ceponura u nosehame ysujeHocTH
panmjajHuX Jamena, a OpMjeHTHcaHM nojaBy Beher G6poja Taukactux nedekara
BJIJaKaHa HAaKOH HUXOBOT 3paveka.

Hanodororpaduje ca Atomic force MUKpocKOna OTKpHBajy HaJIMONEKYTapHUN HUBO
ypebeHocTn namena KON HEOPHMjEHTHCAHHX W BJAKaHA y CJydYajy OpMjeHTHCAHHX
y3opaka. CKopo napaJiesiHy cjI0jeBH JaMella ca (hMHUM CTPYKTypaMa TaHKHX JaMena
¥ 3pHACTOM rpaboM jelHOKpUCTanHUX GIIOKOBa, IOCTaje HAKOH 3pavera U3yBHjaHo,
HeCTajy (UHe CTPYKTYpE TamHX JlaMella, a JUMEH3HUje je[HOKPUCTAHUX GII0OKOBA Ce
cMmamyjy. ITopen Tora, KOji HEOPHjEHTHCAHMX y30paKa 3patCHhEM H3a3UBa INPEHE U
npopyO/buBame rpanuna usmeby cheposnura. Y ciydajy OpHjeHTHCAHUX y30paka
CHOIIOBM MHUKPO BJIaKaHa MOCENYjy MOOPO fiechuHHCAHY CTPYKTYPY CACTaBJbEHY Of
HAHOBJIaKaHa, YHyTap KOJUX ce youaBa 3pHacTa rpaba jeflHO KpucraaHumx 6I0KOBA.
Hakon 3payema fonasu [0 YCHTH-aBaba je[HOKPUCTAIHHX OJOKOBA, INTO 3a
NOCNIEIUIy UMa CMamMBalbe YOWLHBOCTH HaHOBIakaHa. CyMapHO, BJIaKHacTa
CTPYKTYypa moka3syje Behy MHBapujaHTHOCT NPUIMKOM 3padetsa 10 f1o3a of 200 kGy,
HETO JlaMeJjie HEOPUjeHTUCAHUX y30pakKa.

Ilfnpokoyraona audpakimja peHIreHCKUX 3paKa jlaje He3HaTHE IPOMEHE CTPYKTYpe
CBHX THIOBA y3opaka iPP. Hanme, y-3paueme yjo 200 kGy He npou3Boiu NpoOMeHe y
AUMEH3HjaMa ¥ CHMETpHjU jeMHHYHe henuje, Kao HM y BPEJHOCTHMA pacTojamba
u3Meby nudpakuMoHuX paBHM M BelMYHHAMa KPHCTAIMTAa HOPMANHUX Ha yIagHH
npasan nudpakuuje. [Ipumeheno je Gmaro omagame creneHa KpHCTAJIMHHYHOCTH
HEOPHUjEHTHUCAHUX Y30paKa, a NoBehame KOJI OpUjeHTHCAHUX.
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THERMALLY INDUCED STRUCTURAL EVOLUTION
OF THE AMORPHOUS Ba,_ Al Siy.,,05 (x=0, 0.15)
PRODUCTS

J. Pordevi¢ °, A. Kremenovié b, R. Dimitrijevi¢ b, V. Dondur °,

M. Tomagevi¢-Canovié ©

* Faculty of Physical Chemistry, Studentski trg 16, 11000 Belgrade, Yugoslavia

b Faculty of Mining and Geology, Djusina 7, 11000 Belgrade, Yugoslavia

¢ Institute for Technology of Nuclear and Other Raw Materials, Franse de Perea 86, 11000
Belgrade, Yugoslavia

The thermally induced structural evolution and crystallization kinetics of Ba; (Al, 5,Siy;5,0g
(x=0, 0.15) amorphous products, prepared from Ba-LTA and Ba-FAU zeolites as
precursors [ 1], were investigated by the X-Ray Powder Diffraction method. The structure
evolution of amorphous samples annealed between 800-950 °C, were tested by the radial
distribution function [2] and refinement of normalized interferention function methods [3]
(Rietveld method for amorphous materials). The structure data, that were obtained from
literature, on Ba-aluminosilicate phases: hexacelsian, paracelsian and celsian were used to
test structural models of investigated amorphous products. The kinetic of crystallization
was investigated by the analyze of the XRPD diagrams. The degrees of crystallization were
calculated from the intensities of the diffraction lines and analyze of X-ray line broadening
[4] (Warren-Averbach and Vogel-Hass-Hosemann methods). The kinetic parameters were
calculated by the Johnson-Mehl-Avrami equitation.

[1] V.Dondur, R Dimitrijevié, A.Kremenovi¢, U.Mio¢, R.Srejic, M.Tomasevié-Canovié In:
Adv.Sci.Technol., 3, part B, Ed: P.Vicenzini, Techna, Faenza (1995), p. 687

[2] Petkov, V., J.Appl.Cryst., 22 (1989), p. 387

[3] LeBail, A., JTacoboni, C., De Pape, J. Phys. (Paris) Coll. C§ (1985), p. 163

[4] Klug, H.P., Alexander, L.E., X-Ray Diffraction Procedures, g edition, John Wiley,
New York, 1974
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® MHCTHTHYT 32 TEXHOJIOTH]Y HYKJICAPHHX H JPYIHX MHHEPATHIX CHpOBHHA, Ppare
ae Ilepea 86, 11000 Beorpay, Jyrociasmja

TepmanHo wuHAyKOBaHa CTPYKTypHA €BOJNyNMja M KHHETHKA KpHCTaTH3aldje
Baj Al,,Sij»Og (x=0; 0,15) amoprux nmpoaykara, no6ujenux u3 Ba-LTA u Ba-FAU
3eomdTa Kao mpekypcopa [1], ucnmuTuBaHa je METONOM pEeHAreHcKe audpakimje ca
NOJMKPUCTANHAX y30paka. 3a mpahewe CTPYKTYpHMX MPOMEHa OBMX aMOP(HHX
IpOAyKaTa, KOjU Cy MHIYKOBaHM TOKOM OArpEBama Ha Temueparypama uismeby
800-950 °C, mpumemeHe Cy MeTOjle pajujanHe pacmofene [2] M yTaumaBama
HOpManu3oBaHe uHTepdepenuuone dynkuuje (3] (PuTenmosa Merona 3a amopdne
marepujane). 3a TecTHpawe CTPYKTYPDHHX MOJENA HCIMTHBAHMX aMOPQHUX
NpOfyKaTa KoOpuIIheHW Ccy JUTepaTypHH @Ofjaud 3a Ba-alyMocHImKaTe:
XeKcalel3jaH, napanessujan u nensujad. Kunernka Kpucranusanuje je ucnmrupana
nomohy anammse mucpakTorpama. CTemeH KpHUCTalMHATETA je onpebuBan u3
MHTCH3UTETa IU(PaKUMOHKX TMHMja U HAa OCHOBY aHallM3e MIMPEmha MUGPaKIMOHNX
nuHuja moMohy mMeToga Warren-Averbach-a u Vogel-Hass-Hosemann-a [4]. Kunetnukn
napaMeTpu cy udpadyHaTtu nomohy John-Mehl-Avrami-jeBe jenHaunne.

[1] Dondur, V., Dimitrijevi¢, R., Kremenovié, A., Miog, U., Sreji¢, R., Tomasevié-
Canovié, M., Adv.Sci.Technol., 3, part B, Ed: P.Vicenzini, Techna, Faenza (1995), p.687
[2] Petkov, V., JAppl.Cryst., 22 (1989), p. 387

[3] LeBail,A., Jacoboni, C., De Pape, .J. Phys. (Paris) Coll. C8 (1985), p. 163

[4] Klug, H.P., Alexander, L.E., X-Ray Diffraction Procedures, g™ edition, John Wiley,
New Yourk, 1974
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APPLICATION OF LANDAU THEORY ON THE
STRUCTURAL INVESTIGATIONS OF THE
o < [ HEXACELSIAN PHASE TRANSFORMATION

A. Kremenovié¢ * , R. Dimitrijevié¢ *, P. Norby °, V. Dondur ¢,

* Faculty of Mining and Geology, Department of Crystallography, Djusina 7, 11000
Belgrade, Yugoslavia

¥ Department of Chemistry, State University of New York at Stony Brook, Stony Brook, NY
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 Faculty of Physical Chemistry, Studentski Trg 16, 11000 Belgrade, Yugoslavia

The hexacelsian, synthesized from LTA and FAU zeolites by the ZTIT route [1], were
investigated by the X-Ray Powder Diffraction (XRPD) method from polycrystalline
materials. The synchrotron radiation (X7B, Brookhaven) [2] was applied. The structure
changes induced by the temperature increase in the temperature interval from 25-700°C
were investigated. The 32 sets of XRPD data for Ba-LTA as well as Ba-FAU, which were
collected in the “real-time” regime at every 2 minutes with increasing temperature for
approximately 25° C per two minutes, were refined by the Rietveld method [3]. The
structure was refined in the space group P3 (147) [2]. From the results of structure
refinement Q and Q, ordering parameters [4] were calculated. The results of investigation
on structural, microstructural and physical properties [2] point at the nonconvergent co-
elastic character of the considered phase transformation [5].

[1] Dondur, V., Dimitrijevié, R., Kremenovi¢, A., Mio¢, U., Sreji¢, R., TomaSevi¢-
Canovié, M., Adv.Sci.Technol., 3, part B, Ed: P.Vicenzini, Techna, Faenza (1995), p. 687-
-694.

[2] Kremenovié, A.,Norby, P., Dimitrijevi¢, R., Dondur, V., Solid State Tonics, accepted.
[3] Rodriguez-Carvajal, J., Collected Abstracts of Powder Diffraction Meeting, Toluose,
(1990), p. 127.

[4] Salje, E.K.H., Phase Transitions in Ferroelastic and Co-elastic Crystals, Cambridge
University Press, Cambridge, 1993, p. 27.

[5] Kremenovié, A., Norby, P., Dimitrijevi¢, R., Dondur, V., in preparation.
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Y3opuu xekcanensujana cunretucanu ZTIT nocrynkom [1] u3 LTA u FAU 3eonura
UCIOUTUBAHM Cy nomohy pnudpakuuje PEHAEHCKUX 3paka ca MOJMKPUCTATHUX
Mmarepujana. ITpuMemeHa je CHHXpOTpoHCKa paamjamuja (X7B, Brookhaven) [2].
Ilpahene cy cTpykTypHe mpoMeHe M3a3BaHE IOPACTOM TEMIIEPATYPE y MHTEPBAIY
25-700 °C. PurBennoBoM MeTOAOM [3] yTaumeHO je mo 32 cera mojaTaka 3a o6a
y30pKa KOji Cy NPUKYIJbaHU Ha MPUOIIKHO CBaKa 2 MUHYTa. TOM NpUIMKoM y3opak
J€ KOHCTaHTHO rpejad 1 NpuOIKHO 3a 2 MUHYTa TeMIepatypa je pacia 3a 1o 25 °C.
Crpykrype cy yraumeHne y npocToproj rpymu P3 (147) [2]. Ha ocHOBY pesynTaTa
u3padyHatH cy mnapamerpu ypebemwa [4] Q um Q. Pesynratm wucnuTHBama
CTPYKTYPHMX, MHKDPOCTPYKTYpHUX M (U3MUKHX ocoOMHAa [2] ykasyjy Ha
HEKOHBCPICHTHM U KOCJIACTUYHM KapakTCp UCIMTHBaHe (hasHa TpaHchopmaiuje

[5].

[1] Dondur, V., Dimitrijevi¢, R., Kremenovi¢, A., Mio¢, U., Sreji¢, R., Tomasevié-
Canovié, M., Adv.Sci.Technol., 3, part B, Ed: P.Vicenzini, Techna, Faenza (1995), cTp.
687-694.

[2] Kremenovi¢, A., Norby, P., Dimitrijevi¢, R., Dondur, V., Solid State Ionics,
npuxBaheHo 3a mraMame.

[3] Rodriguez-Carvajal, J., Collected Abstracts of Powder Diffraction Meeting, Toluose,
(1990), p. 127.

[4] Salje, E.K.H., Phase Transitions in Ferroelastic and Co-elastic Crystals, Cambridge
University Press, Cambridge, 1993, p. 27.

[5] Kremenovi¢, A., Norby, P., Dimitrijevi¢, R., Dondur, V., y npunpemu.



50

MICROSTRUCTURE OF TiN FILMS AFTER
INTERACTION WITH LASER BEAM
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® Centre Jor Multidisciplinary Studes of Belgrade University, Belgrade, Yugoslavia

Protective coatings of ceramics (TiN,TiC,TiB,), deposited in vacuum, are used for
prevention of chemical reactions between material and its surrounding as well as resistance
and hard material coatings. During the interaction of energetic beam on protective thin
films/coatings the modification of the surface occurs [1]. The changes depend on the
properties of incident beam and the target [2]. For laser beam (LB), as a power tool for
deliver the large amount of energy to localised area, there is a minimum value of intensity I,
to cause a damage of surface. For lower critical values than I, depending on LB and target
characteristics, there are no visible changes (optical; 100x, and SEM; 1000x). Our
investigations by X-ray diffraction and scanning tunnelling microscopy (STM) show some
changes in microstructure of deposited TiN layer even for I < L.

In this work, TiN layers (thickness dpjy= 850 nm) were deposited on different substrates by
reactive sputtering of Ti target by Ar*ions in N, atmosphere. A commercial equipment was
used and depositing parameters were chosen in accordance with previous work to obtain
monophase TiN.

For the bombardment we used the CO, laser: A = 10,6 pm, I = 2-10° W/em? for one pulse
and v = 300 Hz. Morphology change observed by STM clear indicate the grain size changes
in the interaction zone.

Phase composition and microstructure characteristics of the sample were examined by X-
ray powder diffraction method (CuKo. radiation). We analysed (111), (200) and (222)
reflections in TiN diffractogram. The experimental diffraction profiles were refined by
computer program FullProf [3]. In addition, average crystallite size and microstrain in
crystal cells were obtained by Warren-Averbach method. The dislocation densities were
calculated by Williamson and Smallman method [4]. This results showed that the crystallite
size of TiN layer have been reduced during laser treatment, for I < L.

[1] T. Nenadovié, B. Gakovi¢, B. Todorovi¢, T. Joki¢, Nucl. Inst. and Meth. in Phys. B,
115 (1996), p. 523-528.

[2] B. Gakovi¢, T. Nenadovi¢, B. Todorovié, T. Joki¢, B. Obradovié, 18t SPIG, Kotor
1996, p. 225-228.

[3] Juan Rodriguez-Carvajal, Laboratorie Leon Brillouin (CEA-CNRS)

[4] G.K. Williamson and R.E. Smallman, Phyl. Mag., 23, (1956), p. 34-47
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MUKPOCTYKTYPA TAHKHUX CIIOJEBA TiN
IMTOCIIE NEJTOBAKBA TACEPCKOT CHOITA
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3amruthn cnojesu kepamuke (TiN, TiC, TiB,), nenonoBane y BaKyyMy, CIlpeyaBajy
XeMujcke peakimje m3meby mMatepujana u okpyxkema u CIyke Kao BaTpPOCTAJIHE U
TBpAie NpeBake. TOKOM MHTepaKumje €HepreTCKOr CHONa ca OBAaKBUM CIIOjeBHMa
omaxajy ce npomeHe Ha nospiuuay [1]. [Ipomere 3aBuce o oco6una yIajiHOT CHOMa
n ocobuna mere [2]. 3a macepcku cHon (JIC), Koju MOXe JIOKaIM30BAHO j1a npena
BEJIMKY KONIMIMHY CHEPrije, IOCTOju MUHMMATHA BPEAHOCT HHTEH3UTETA 3pauekha I,
Koja mu3asuBa omrehewe nOBpIMHE. 3a HEXE BPEIHOCTH, 3aBHCHO Off
Kapakrepucruka JIC u MeTe, He youaBa ce BUJbUBO omTeheme (OM - 100 x 1 SEM -
1000 x). Hama ncrpaxusamwa nomohy anmdpakiumje peHAreHCKHX 3paKa U METOJe
ckaHmpajyhe TyHencke mukpockommje (STM) cy mnokasama fa cy ce mojaBmie
MHUKPOCTPYKTYPHE IPOMEHE Ha IENOHOBAHOM CJIOjy U 3a MHTEeH3uTeTe I < I,

Y oBom pany, TiN cnojeu (dry = 850 nm) J€NOHOBaHU Cy Ha Pa3NMUHTE HONIOTE
PeaKTHBHUM pacrpainBameM Ti MeTe ca jonnMa Ar' y atmocdepu N,. Kopuithes je
KoMepuujaanu ypebaj, a mapaMeTpu ienoHoBama cy ofjabpaHy Tako jja ce Ha OCHOBY
NPEAXOAHUX pe3ynTaTa 4o0uje MoHo(a3Hu ci1oj TiN.

3a GoMbapaoBake METE IaCEPCKUM CHOIIOM KOPUCTHIH cMO CO, Jlacep ca ciuenehum
KapakTepuctukama: A = 10,6 um, I = 2-10° W/cm? 3a jeman mmmync u v = 300 Hz.
Mopdomnomike npomene youene ca STM jacHo yka3yjy Ha IPOMEHY y BEJIHIMHE 3pHa
y 30HH HHTEpaKIuje.

®a3Hu cacTaB U MUKPOCTPYKTYPHE KapaKTEPHCTHKE Y30pKa MCIUTAHH CY METONOM
nudpaknuje peHarenckux 3paka (CuKo 3pauyeme). AHammusupanu cMo (111), (200) n
(222) pednekcuje y mudpakrorpamy TiN mpe wu mocne penosama JIC.
ExcnepumenTanio po6ujenn NUQPaKUHOHE NPOMHIN, yTaumbeHu Cy nomohy
KomijyTepckor mnporpama FullProf [3]. Ilocie Tora cy, Warren-Averbach-oBom
MCTOJIOM,  M3payyHaTe  CPCAHC  BPCJHOCTH  BENUYUHE  KpPUCTAlIUTa |
MHUKpOHampe3ama. [ycTMHa juciokanuja je wu3pauyHata mnomohy Williamson-
Smallman-oBe mertope [4]. PesynraTu nokasyjy fa je BelruunHa KpUCTaluTa y crojy
TiN peffykoBaHa TOKOM HHTEpAKIHMje Ca JTACEPCKUM 3paverem 3a 1< 1.

[1] T. Nenadovi¢, B. Gakovié, B. Todorovié, T. Joki¢, Nucl. Inst. and Meth. in Phys. B,
115 (1996), p. 523-528.

[2] B. Gakovi¢, T. Nenadovi¢, B. Todorovi¢, T. Jokié¢, B. Obradovié, Ve & SPIG, Kotor
1996, cTp. 225-228.

[3] Juan Rodriguez-Carvajal, Laboratorie Leon Brillouin (CEA-CNRS).

(4] G.K. Williamson and R.E. Smallman, Phyl. Mag., 23 (1956), p. 34-47.
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THE DURBIN-WATSON STATISTIC AS A RELIABILITY
FACTOR IN MICROSTRUCTURAL ANALYSIS OF
MATERIALS

B. A. Marinkovi¢*
* Center for Multidisciplinary Studies University of Belgrade, Kneza Viseslava 1A, 11000
Belgrade

For the first time the Durbin - Watson statistic has used in the study of systematic effects in
determination of structure from single crystal measurments [1]. Recently, in Rietveld
analysis of polycrystalline materials, the Durbin - Watson statistic began to use as a new
reliability factor [2,3].

The most important problem in microstructural analysis of materials from date received
from X - ray diffraction procedure is determining influence of systematic effects, more
exactly defining accuracy of results. Conventional factors like weighted pattern R, pattern
R, and goodness of fit S, obviously often give discussible values [4]. Particularly problem is
existence of groups of very close overlapping diffraction lines, mutual frequently
anisotropic or even different phases.

Advantages of the Durbin - Watson statistic d , in microstructural analysis of materials,
were gave on the basis of researches, which were took on transition metals, cobalt and
tungsten. These transition metals were selected, because they satisfy following criterions.
Cobalt has two polymorphous modifications, & - Co and € - Co, which are usually find in
the form of an intimate two phase mixture and which the most strongest reflections are
highly overlapping. Contrary to cobalt, tungsten has only one modification with isolated
reflections. It should be noticed that we were used step width of 0.02° and counting time of
20 s step™ .

We were analysed cobalt diffraction pattern in the following ranges (41 - 42.5) ; (43.5 -
45.5) and (97 -100) of angles 26. Comparison were made between values of weighted
pattern factor Ry, , as a most meaningful conventional factor from mathematical point of
view, and values of the Durbin - Watson statistic d. Also, the Durbin - Watson statistic were
compared with values of parameter Q, in intention to estimate serial correlation between
adjacent least squares residuals. Reflections in the range of 43.5 - 45.5° 26, only
demonstarate serial correlation. On the other hand R, factor is surprisingly small and
similar to expected R, factor. Table 1 list values of factors mentioned above.

Tab.1. The values of reliability parameters for the cluster made of diffraction line
(111) of o - Co and (002) line of ¢ - Co, for cobalt powder

R, factor R. factor d statistic Q parameter
6.58 3.44 0.6968 1.3784

1] Bernardinelli, G., Flack, H. D., Acta Cryst., A41 (1985), p. 500-501
2] Hill, R.J., Madsen, I. C., J.Appl. Cryst., 19 (1986), p. 10-18

3] Hill, RJ., Flack, H.D., J.Appl. Cryst., 20 (1987), p. 356-361
4]

[
|
[4] Balzar, D., JAppl. Cryst., 25 (1992), p. 559-570
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IJAPBUH - BOTCOHOBA CTATUCTUKA KAO
OAKTOP ITIOY3IJAHOCTHU Y
MUKPOCTPYKTYPHOJ AHAIIN3U MATEPUJATTA

b. A. MapunkoBuh 2
a [lenrap 3a MyIaTHHCUHIHHApHE cTyjuje Yumupepsurera y beorpangy, Kresa
Bunwecnasa 1A, 11000 Beorpaj

Ilap6un-BorconoBa craTHCTHKAa NPBM IYT C€ IOMMILE TOKOM IpOoyuyaBambha YTHIAja
chucTeMaTcKux epekara Ha ofipebuBambe crpykType moHokpucrana [1]. Kop nomukpucranuux
MaTtepujana yop30 MOuMibe j1a c& KOPUCTHM Kao jegan oj1 pakTopa noyspaHoctu y Pursenjo-
BOj ananusu [2,3].

ITpo6aemM MUKPOCTPYKTYpHE aHalu3e MaTepujana U3 nogaraka JoOUjeHUX PEHATEHCKOM JH-
¢paxuujoM je oapebuBame yTHliaja CUCTEMATCKE FPEIKE, OAHOCHO AehUHUCALE TAUHOCTH
no6ujenux pesynrara. [Tokazano ce aa KOHBEHUMOHATHU (PaKTOPH KAaO LITO Cy NPOQHIIHA
cbakTop crnarama R, Texunncky npodunim akTop cnarata Ry, ni Babanoct GpuToBama S,
yecTo Aajy auckyrabunue pesynrare [4]. HapounTo Benuku npobiem je nocrojame rpyna
BeoMa Onuckux AupakuMoOHNX JHMHHMja MehycoOHO aHM30TPONHUX MM 4YaK pasIHYHTHX
Kpucranuumx dasa.

Ipennocru kopumhemwa Hapoun-Borconose cratucTuke, d, TOKOM MMKPOCTPYKTYPHE aHa-
U3¢ MaTepujaia, iaTe Cy Ha OCHOBY MCIIMTHBalba CIPOBEJEHMX Ha NpeJa3sHUM MeTanuma,
koGanry 1 Boadpamy. OBa iBa MeTana uzabpana cy jep 3al0BojbaBajy cieiche Kpurepujyme.
Ko6ant uMa e nosmumopgue moaudukauuje, o - Co u € - Co, Koje ce 4ecTo japsbajy 3a-
jenHo u uMje cy Hajjaue audpakUMoHe JHHHUJE BEOMa OLITPO NpPEeKIOoIbene. 3a pa3auky of
kobanra, Bojadpam uma jeaHy mojucuxanmnjy, unje cy peduexkcuje mzonopane. Tpeba na-
NIOMEHYTH JIa je TOKOM ekcrnepumenta kopuithen kopak on 0,027, 10K je Bpeme ekcrosuuuje
ouno 20 cexyHu.

3a kobant cy ananusupanu oncesu 41 - 42,5 ;43,5 -45,5;97 - 100 ° yrnosa 26. Ynopehene cy
BpejiHOCTH lobHjene 3a TexKUHCKH npodunny akrop cnarama R, Ka0 MaTeMaTHUKH Haj-
pHUropo3HMjU KOHBEHIMOHANNN (paKkTOp crarama, ca BpepnoctuMa Tap6un-Borconose cra-
tucruke, d. Takobe, JapOuu-Borconosa cratucruka je nopebena ca BpefHOCTHMA 100H-
jenuM 3a napamerap Q, Ha OCHOBY uera je yTBpPhHUBaHO IOCTOjabe MIIM OJICYCTBO CEPHjCKE
kopenauuje. Pediexcuje koje ce nanase y oncery yrinosa 43,5 - 45,5 jeaune cy nokasubasne
IoCTOjabe CEpUjCKUX Kopesiauuja uameby cycepnux ocrataka. Hacynmpor Tome, TEXHHCKH
npocunnu akTop cnarama R, 610 je BeoMa HM3aK U OM3y BPEAHOCTH OUEKHBAHOT (haK-
Topa cnarama R,. OBe Bpeanocru cy fate y Tadenm 1 :

Ta06.1. Bpeanocru Ry, R., d, Q dakropa 3a knactep cacraBiben Off An(pakLiOHe IHHUjE

(111) o- Co n pudppakuunone aunuje (002) € - Co, foOnjeHOr 3a npax kobanTta

Ry, dakrop R, cakTop d craTucruka Q mapamerap
6.58 3,44 0,6968 1,3784

[1] Bernardinelli, G., Flack, H. D., Acta Cryst., A41 (1985), p. 500-501
[2] Hill, R.J., Madsen, I. C., J.Appl. Cryst., 19 (1986), p. 10-18

[3] Hill, R.J., Flack, H.D., J.Appl. Cryst., 20 (1987), p. 356-361

[4] Balzar, D., J.Appl. Cryst., 25 (1992), p. 559-570
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THE SYNCHROTRON RADIATION FACILITY

A. Spasojevi¢ *, E. Zhurova ¢, M. Dunlop °, J.-M. Kiat >,

G. Baldinozzi °, P. Rajmankova ©, H. Graafsma °, A. Kvick ©
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Centrale Paris, 92295 Chatenay-Malabry Cedex, France

® Laboratoire de Chimie-Physique du Solide, URA 453 du CNRS, Ecole Centrale Paris,
92295 Chdtenay-Malabry Cedex, France
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¢ ESRF, BP 220, 38043 Grenoble Cedex, France

An increasing number of studies have been done last years in the disordered polar
compounds. These systems are considerably more complex than classical ferroelectric
compounds but have more interesting physical properties and more potential technological
applications: in particular the so-called relaxor systems are already being largely used as
capacitors, transducers, etc... However, the nature of the polar state in these disordered
compounds, which seems to be characterized by a short, medium or long range order,
depending on temperature and/or local chemical composition, as well as its inhomogenuous
nanostructure is not understood so far. '

From a microscopic point of view, we want to investigate the properties associated with
short and long range order arising in the system from the competition between coherent
shifting of cations (as in pure SrTiO3) and oxygen octahedra rotation (as in pure BaTiO3).
This should let us understand how the system passes from the Miiller state (pure SrTiO3) to
a dipolar glassy state (low concentration of Ba) and finally to different ferroelectric ordered
phases (for higher substitutions).

In order to get very accurate integrated intensity measurements up to high values of sin 6/A,
we have performed different diffraction experiments using the ID11 beam line of the ESRF.
We present here the results of the room temperature measurements performed for x=0,
x=0.02 and x=0.12 (Table). The wavelength was choosen to be very small (A = 0.2 A) n
order to mimize the absorption and extinction effects. After a 3D integration (program Saint
and Sadabs) of the intensity of the peaks, anharmonic refinements (program Prometheus)
has been performed and has given coherent results.

Indeed, whereas the Sr/Ba atoms lie in an harmonic potential for all investigated
compositions, we have observed in the PDF maps of the oxygens a splitting of the positions
along the Ti - O - Ti direction and a strong anharmonic potential maxima for the titanium
atom indicaing a shifting of the special position onto a disordered position along the surface
of a sphere, this latter trend disapearing for the highest concentration of Ba. These
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behaviours, characteristic of a positional disorder, are surprisingly interesting as pure
SrTiO3 is a very well known displacive system.

Table. Data collection parameters and reliability facors, ID11 spectrometer of the ESRF,

room temperature.

SrTiO; Sro.08Bag 0, TiO;5 SrogsBag 1, TiO;
A (A) 0.214 0.214 0.214
Sample diameter (mm) 0.12 0.11 0.11
Detector-sample distance 6 6 6
(cm)
 scan, scan width (A) 0.1 0.075 0.075
Time / frames (s) 3 4 4
sin @/A max. (A-T) 1.94 1.94 1.94
Integration box AxAx°) | 28x28x06 | 23x23x06 23x23x1.2
No. of measured reflexions 2680 2734 3355
No. of independant 370 287 319
reflexions (I>30)
Rint (averaged reflexions, 0.008 0.029 0.017
1>30)
No. of refined parameters 13 13 13
Ry (anharmonic 0.019 0.019 0.017
refinement), all reflexions
Goodness of fit, S 2.54 2.63 2.22
Unit cell parameter, a (A) 3.9052(3) 3.9060(3) 3.9217(3)
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THE INVESTIGATION OF THE THERMALLY INDUCED
STRUCTURAL AND MICROSTRUCTURAL
PROPERTIES AND THERMAL EXPANSION OF THE
H3PW12040‘6H20 HETEROPOLYACID
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* Faculty of Mining and Geology, Djusina 7, 11000 Belgrade, Yugoslavia

® Laboratoire de Physico-Chimie Moléculaire et Minérale (PCM), URA D1907 du
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The thermally induced changes of microstrucure and thermal expansion of the
H3;PW,04-6H,0 heteropolyacid [1] in the temperature interval from 30-140°C were
investigated by the X-ray Powder Diffraction (XRPD) method. The polycrystalline
specimens were Investigated in the high-temperature cell with the 0.2 °C/min
heating/cooling rate [2]. The structure of this heteropolyacid was refined by the Rietveld
method [3] from the XRPD data which were collected by the step-scan technique at the
temperature 65.0£0.2 °C. The results of investigation of the thermal expansion indicate
high sensitivity of the H;PW,046H,0 heteropolyacid on thermal shocks. The results of
the investigation of the microstructure [4] indicate that the values of dimension of
crystallite domain size and root mean square strain does not change significantly until the
temperature of 140 °C was reached. For the temperature higher than 155 °C fast phase
transformation HyPW,04,6H,0 — H3;PW ;0,4 xH,0 (3£x<6) occurs.

[1] Brown, G.M., Noe-Spirlet, M.-R., Busing, W.R., Levy, H.A., Acta Cryst., B33 (1977),
p. 1038

[2] Bérar, I.-F., Calvarin, G., Weigel, D., J.Appl.Cryst., 13 (1980), p. 201

[3] Bérar, I.-F., Garnier, P., APD 2nd Conference N.I.S.T., May 1992, Gaithersburg Md.,
USA. Available from the www site: http://rx-crgl.polycnrs-gre.fr/public/xnd.html

[4] Balzar, D., J.Appl.Cryst., 25 (1992), p. 559
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CTPYKTYPHUX U MUKPOCTPYKTYPHHUX
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TepmanHo uHAyKOBaHE TNpPOMEHE MHKPOCTPYKTYpe M TepMmanHa eKCIaH3Wja
H3PW ,049:6H,0 xetepononukucennne [1] y Temmepatyprom untepsany 30-140 °C
UCMUMTHBAaHe cy mnomohy pudpakiuje PEeHAreHCKMX 3paka Ca IMOJMKPHUCTATHOT
Marepujana. Y30puy Cy UCTIMTHBAHU Y BHCOKO-TEMIICPATYPHO] KOMOPH TIPH Gp3HHK
rpejamal/xnabema 0,2 °C/min [2]. CTpyKTypa OBe XeTEpONOIMKHCENHE je yraumeHa
PutBennoBom Metonom [2] U3 mogaraka Koju Cy NPUKYIUEHH CTEl-CKAH TEXHUKOM
Ha Temnepatypu 65,0£0,2°C. Pesyaratm ucnuTHBam-a TepMajHe eKCNaH3Hje
H3PW,040°6H,0  XeTeponomukuceanHe IMOKa3yjy BUCOKY OCETIBMBOCT  OBOT
MaTeprjasa Ha TEMIEPATypHE UIOKOBE. PesynraT MCIATHBaba MHKPOCTPYKTYpE
[4] ykasyjy na mo temnepatype 140 °C Hema 3HauajHMX MPOMEHA y A¥IMEH31jaMa
KpuCTaauTa 1 BPEJHOCTHMA MHUKpOHampesama. Ha Temmeparypm wusman 155 °C
nonasu 1o 6p3e Tpancdopmanuje HyPW 50,49:6H,0 — HiPW ,0,5-xH,0 (3<x<6).

[1] Brown, G.M., Noe-Spitlet, M.-R., Busing, W.R., Levy, H.A_, Acta Cryst., B33 (1977),
p-1038

(2] Bérar, J.-F., Calvarin, G., Weigel, D., J.Appl.Cryst., 13 (1980), p. 201

(3] Bérar, J.-F., Garnier, P., APD 2nd Conference N.I.S.T., May 1992, Gaithersburg Md.,
USA. Dostupno na Internet adresi: http://rx-crg1.polycnrs-gre.fi/public/xnd.html

[4] Balzar, D., J Appl.Cryst., 25 (1992), p. 559
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The samples Y;Fes AlLO, (x = 0,1,2,3,4,5) were sintered from corresponding mixed
hydroxides that were obtained by coprecipitation of mixed nitrates. The presintering was
done at temperature of 950 °C. The samples were subsequently pressed under the pressure
of 1.5 t/em” and refired at 1350 °C in order to get samples of higher crystal density.

The neutron diffraction experiment was done, at all the samples, with the neutron
wavelength of 1.472 Ain26 region 4.00-139.92°, with the step 0.08°, at room temperature
and at 10 K. All the samples crystallize in the garnet structure type, in the space group /a3d.
The samples x =0, 1, 2 are collinear ferrimagnetics at 10 K, and the samples x =0, 1 keep
the same magnetic ordering at room temperature. The magnetic structure is described in the
grey group Ja3d'.

In the garnet structure, yttrium ions occupy dodecahedral positions, iron ions and aluminium
ions occupy tetrahedral and octahedral positions. In the mixed iron-aluminium garnets
appear the preferential distribution of cations in octahedral and tetrahedral positions. The
distribution coefficients of iron in tetrahedral position for the samples x =1, 2, 3 and 4 are
0.20, 0.35, 0.39 and 0.44, respectively. The magnetic moments of iron ions, at 10 K, in
octahedral position are 4.1pg, 4.2ug and 3.9ug in the samples x =0, 1 and 2, respectively.
The magnetic moments of iron ions in tetrahedral position of 5.4up, 5.4up and 4.6, in the
samples x = 0, 1 and 2, respectively, are antiparalely oriented to the moments of iron ions in
octahedral position.
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PACIIOJEJIA KATIOHA I MATHETHA
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Y3opuu YsFes ALOp, (x = 0, 1, 2, 3, 4, 5) CMHTECPOBAaHM Cy Off oOfromapajyhux
MCIIOBHTUX XUJPOKCHIIA KOJU Cy NOOMjEHH MCTOJ[OM 3aje[JHMYKOr TaaoXKeHha M3
cMeuranux HuTpata. IlpencunrepoBame je usspiieHo Ha Temnepatypu ox 950 °C.
Y30puu cy 3aTMM NpecoBaHH TOA HPUTHCKOM 1,5 tem? o [HOHOBO JKapeHu Ha
Temnepatypu 1350 °C uume cy fobujern ysopuu Behe kpucranue I'YCTHHE.
HeyTtponcku mucpakimonn excnepumest j€ M3BpIIEH Ha CBHM Y30pIEMa ¥ TO ca
TaJlaCHOM Jy>XMHOM HeyTpoHa 1,472 Ay 26 pacniony 4,00-139,92°, ca kopakom 0,08°
Ha coOHOj Temneparypu u Ha 10 K. Csu y30pnu KpUCTAJIUILY Y CTPYKTYPHOM TUNY
TpaHaTa, npocTopHa rpyna /a3d. ¥3opuu x =0, 1, 2 cy KoauHeapuu hepumaruneTuu
Ha 10 K, a ysopum x = 0, 1 ouyBaBajy HCTO MarHeTHO ypebeme m Ha COGHO]
Temneparypu. MarseTHa cTpykTypa onucana je y cusoj rpymu Ja3d’.

Y CTPYKTypH rpaHaTta jOHH UTpHjyMa 3ay3mmajy MOJICKAC/Iapcke NojoXKaje, a joHn
rBOXKba joHM anymuEmjymMa TeTpacnapeke i OKTaeJlapcKke MoJioxKaje. Y MEeIOBUTHM
rpaHaTHMa rBoxkba U anyMuHHMjyMa josasu 10 npedepeHTHe pacmoesne KaTjoHa y
OKTacnapcKoM M TeTpacfapckoM noinoxkajy. Koeduunjenrtn pacnopene rsoxba y
TCTpaeapCcKoOM TMOJIOXKajy 3a y30pKe x = [, 2, 3, 4 cy 0,20; 0,35; 0,39 u 0,44,
PECIEKTUBHO. MarneTHn MOMEHTH joHa rBoxba, Ha 10 K, usznoce y OKTaefapcKoM
nomnoxajy 4,1ug, 4.2ug 1 3,9ug y ysopunma x = 0, 1, 2, pecnekTuBHo. huma cy
AHTHNAPAJICNTHO OPHJEHTHCAHN MArHECTHH MOMCHTH jOHa rBoxha y TETpaegackom
nomoxajy on 5,4ug, 5,4up 1 4,6, y yzopuuma x = 0, 1, 2, PECIEKTHBHO.
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The reaction of Ni(Il) acetate, S-propylisothiosemicarbazidehydrogen-iodide and
acetylacetone in warm methanol (MeOH) yielded the brown complex of the composition
[Ni(HL)]I'MeOH, where HL is the monoanion of the tetradentate ligand acetylacetone
bis(S-propylisothiosemicarbazone). The obtained crystalline product is characterized by a
very disturbed crystal lattice, which is suggested by the oscilation and Weissenberg patterns
of X-ray diffraction. Slow recrystallization of the product from MeOH resulted in large
crystals with a developed morphology of the external form, but again with a high degree of
lattice disturbance, so that X-ray analysis of the obtained paracrystalline compound was not
possible. However, recrystallization of the starting sample from ethanol (EtOH),
isopropanol (‘PrOH) and acetone (Me,CO) produced high-quality crystals of the
corresponding monosolvates suitable for X-ray structure analysis. Thus, preliminary results
of crystal structure of the monosolvate [Ni(HL)]I-EtOH [1] was indicated the existence of
[Ni(HL)]"and I as basic structural units. A more detailed analysis of the Fourier difference
map in the final stage of structure refinement showed that the elementary cell additionally
contains a free EtOH molecule. Such a result was in agreement with the results of crystal
density measurement and mass loss at drying at temperatures below 100°C.

By determining crystallographic data of the new complexes obtained by recrystallization
from 'PrOH and Me,CO, as well as by measuring of their mass loss after drying it was
found that in each case the complex contains one molecule of the corresponding solvent.
Besides, the X-ray analysis data show that the monosolvates with EtOH and 'PrOH are
isomorphic and belong to the triclinic space group P1. The crystal lattice of
[Ni(HL)]I-Me,CO, which also belongs to the triclinic system, has an approximately twice
larger elementary cell (because of doubling of the period along a axis) compared to the one
of isomorphic alcoholic monosolvates.

[1] Divjakovié¢ V., Fazli¢ R., Leovac V. M. and Cesljevi¢ V., IX Yugoslav Congress of
Chemistry and Chemical Technolgy, Abstracts of Papers Il 53-a, Herceg Novi, 1992.
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Peakunjom  Ni(Il)-anerara, S-nponmnu30THOCEMUKApOA3UAXUAPOreH-jOAMAA |
AUETUNALCTOHA Yy TOMNOM MeTtaHony (MeOH) macTaje MpKO 060jeH KOMILIEKC
cacraBa [Ni(HL)]I'MeOH, rue je HL MOHOQHjOH TETpaJeHTATHOI JIMTaHA 6m(S-
-IPONMMIM30THOCEMUKAPOA30H) aueTHIaneToRa. [JoOHjeHH KOMIUIEKC OJIMKyje ce
BCOMAa HApYUICHOM KPHCTAJHOM pEIICTKOM Ha IuTa ynyhyjy ocuMmanuoHH wu
Weissenberg-oBu CHUMIA nupakumje PEHJTEHCKUX 3paka. Cnopom
PEKPUCTAU3aIMjOM OBOI NPOU3BOJIa M3 METAHONA HACTajy KPYNHH y30pIM ca
pasybenom Mmopdonornjom xabuTyca anm ONET BHCOKOT CTeNeHa Hapylema
KPUCTAHE PEIICTKE, yC/Ie]| Uera PeHJreHcKa aHanmM3a JOOHjCHOr napaKpUCTalHOT
jenumena Huje 6uma Moryha. MebyTiM, pekpucTamusamujom monasHor MaTepujana
u3 eraHona (EtOH), nsonponanona (‘PrOH) u anerona (Me,CO) HacTajy KBaIUTETHU
KpHCTamu Ofrosapajyhux MoHoconBaTa MNOTOJHM 3a PEHJTEHCKY CTPYKTYPHY
aHamm3y. Tako, moweTHM pe3ynaTaTH CTPYKTYpHE aHAAM3e MOHOCONBATA
[Ni(HL)]I'EtOH [1] ykasanu cy Ha MOCTOjaEe OCHOBHHX CTPYKTYPHUX jEeIUHHUIA
(NiHL)]" u I. Jeramuum pasMaTpameM pudepeHTHe Fourier-oBe Mare, Ha
3aBPLIHOM CTaJMjyMy yTaumaBamba CTPYKTYpe, yTBpPHEHO je f1a ce mopej OBHX
CTPYKTYPHHX je[IMHHNA Y €EMEHTapHOj hellmji KpucTana Halasu i jefaH cao6onan
Mosnekyn EtOH. OBakaB pesyarar je y cKmajy ca pesylTaTHMa MEpEHa TyCTHHE
KpHCTaJia Kao ¥ ryOuTKa Mace NpH Cyllekwy Ha HIKUM Temnepartypama (o 100 °C).

OnpebuBamem Kpucramorpadckux nojaTtaka HOBHX —KOMILIEKCA nobujeHnx
pekpucramusanujoM u3 ‘PrOH 1 Me,CO kao u MepemeM rybuTKa Mace IpH Cyllemy,
yTBpbHEHO je na y mUXOB cacTas, Takobe, ynasu ro jenan MOJIEKYJI OfTOBapajyher
consenTa. [lopep Tora, kpucranorpadcku Iojaly NOKasyjy 1a Cy MOHOCONIBATH ca
EtOH u 'PrOH M30MOP(MHA M [a MpHUMNaNajy TPUKIMHHIHO] IPOCTOPHOj Ipymu Pl .
Kpucranay pemetky [Ni(HL)]I-Me,CO, koja Takobe npumaga TPUKJIMHUIHOM
CHCTEMy, KapaKTepHIllle ABOCTPYKO Beha esnemeH-TapHa henmja (360r yasajama a
MEPHOJIE) Y OIHOCY Ha elIeMEHTapHy hesujy M30MOP(HIX aJTKOXONHUX MOHOCOIBATA.

[1] JusjakoBuh B., ®asnuh P., Jleorau B.M. u Uenubepuh B., IX Jyrocroserckir
KOHIpec xeMuje H xemujcke Texrosroraje, Xepuer Hoswu, I1 53-a, 1992.
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THE INFLUENCE OF TRIBOPHYSICAL ACTIVATION
ON CHANGES OF MICROSTRUCTURAL PARAMETERS
OF THE SINTERED ZnO-Cr,0; SYSTEM

Z.V.Zakula °, B.Marinkovié *, S.Duri¢ °

a Center for Multidisciplinary Studies University of Belgrade, Kneza Viseslava la,
Belgrade, Yugoslavia

®Faculty of Mining and Geology, University of Belgrade, Pusina 7, Belgrade, Yugoslavia

The mixture of 50 mol.% ZnO and 50 mol.% Cr,03 powders was tribophisically activated
[1] in high energy vibro mill in interval of 0, 40 and 80 minutes. The obtained powders
were pressed at p=1 MPa into samples of 10 mm in diameter. All samples were sintered at
900°C for 240 minutes. The presence of three crystal phases: ZnO, Cr,O; and spinel
ZnCr,0, were confirmed in samples sintered at 900 °C by X-ray powder diffraction
(XRPD). Microstructural analysis of spinel ZnCr,O4 was performed in crystallographic
direction [110] on the basis of diffraction lines (220) and (440). The profile-fitting
procedure was carried out by computer program FULLPROF [2]. Microstructural
parameters, like mean crystallite sizes and its distributions, lattice microstrains and
dislocation densities were calculated by BREADTH [3] and WAXS [4] computer programs.

[1] Tkaova, K., Mechanical Activation of Minerals, VEDA, Publishing House of the
Slovak Academy of Sciences, Bratislava, (1989), p. 109

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

[3] Balzar, D., J. Res. Nat. Inst. Stand. Tech., 98, 3, (1993), p. 321

[4] Enzo, S., Fagherazzi, G., Benedetti, A., Polizzi, S., J. Appl. Cryst., 21, (1988), p. 543
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Cmema npaxosa 50 Mon.% ZnO u 50 Mon.% Cr,O3 Tpubou3nyky je aKTHBHpPaHa
[1] y BUCOKOCHEPreTCKOM BHOPAIMOHOM MIINHY y BpeMeHCKOM unTepBany of 0, 40 n
80 muuyra. Oy jobGujeHOr mpaxa Cy INpecoBaHU y3opuu npednwka 10 mm, Ha
p=1 MPa. Csu y3o0puu cy cuntepoBarn Ha 900 °C y Toky 240 munyra. [Judpaxaujom
PEHJITEHCKMX 3paka ca IIOJNMKPHCTAIHUX CHUHTEPOBAHMX Yy30paka yTBpheHo je
npucycrso Tpu kpucramHe ase: ZnO, Cr,O; u cmmrena ZnCr,O,. Hakon
npeMMUHAPHE aHajmu3e AudpakTorpaMa CHHTEPOBAaHMX y30paKa MH3JIBOjeHE Cy
nudppaknuone nuauje (220) u (440), xoje cy MOJATHO aHANMU3UPAHE NMOOOJLLUIAHOM
OGpOjauKOM CTAaTHCTUKOM Yy ILIJby H3pauyHaBaka MUKPOCTPYKTYDHHUX IlapaMeTapa.
EkcnepuMeHTanau au@pakIMoHl Npoduil aHaNIM3MpaHUX JIMHHWjAa YyTaumbaBaH je
nporpamom FULLPROF [2]. Ha ocHoBy noOMjeHHX BPEIHOCTH 3a IIMPUHY Ha
noJyBUCHHM upaKIUOHNX JUHKja U ypena [aycc-oBe chyHKIMje padyHaTe Cy
CpeNibe  JIUMCH3Mje KPUCTANNTa, MUKPOHANpe3ama M TyCTHHA JMCIOKaluja
kopuithewem nporpama BREADTH [3] u WAXS [4].

[1] Tkacova, K., Mechanical Activation of Minerals, VEDA, Publishing House of the
Slovak Academy of Sciences, Bratislava, (1989), str.109

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

[3] Balzar, D., .J. Res. Nat. Inst. Stand. Tech., 98, 3, (1993), str.321

[4] Enzo, S., Fagherazzi, G., Benedetti, A., Polizzi, S., J. Appl. Cryst., 21, (1988), str.543
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CRYSTAL STRUCTURE OF BARIUM-TITANATE
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& Center for Multidisciplinary Studies University of Belgrade, Kneza Viseslava 1A,

11000 Belgrade
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Initial powders of BaCO; and TiO, were homogenized and then tribophysicaly
activated at different time range (0, 3, 30, 90, 180 minutes) [1]. After that, the phase
composition was determinated by X - ray powder diffraction (XRPD) method. The
products of reactions in solid state, after calcination of tribophisicaly activated
powders at 700 °C for one hour, were determined by comparative analysis of X - ray
powder diffractograms. The crystallographic data for barium - titanate ceramics,
sintered in the range from 900 °C to 1100 °C, were evaluated on the basis of received
diffraction profiles and computer program LSUCRI-87.

By a comparative analysis of obtained results, the influence of tribophysical activation
on changes of parameters of the unit cells and phase composition were examined [2].

[1] Tkacova, K., Mechanical Activation of Minerals, Elsevier science publishers,
Amsterdam, (1989), p. 38

[2] Stojanovié, B., Pavlovi¢, V., Zivkovié, Lj., Brankovi¢, G., Risti¢, M.M., Sci. Sint.,
27(1995), p. 169-173
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[Tonasuu npaxosu BaCO; u TiO, cy XOMOreHH30BaHH, a 3aTHM TpUOOPHU3NUKH
aKTUBAPAHM y PA3IMIMTUM BpeMeHCKUM nnTepsamuma (0, 3, 30, 90, 180 munyTa) [1].
ITocne TtpuGodusmuke aktuBanmje onpeben je asHm cacras nudpakujom
peHnareHckux 3paka. Ilpaheme mpopykaTta peakuuje y uBpcroj hasm, HakoOH
kanuHanuje Ha 700 °C y Toky jeaHor yaca TpuGO(U3NYKM aKTHBHPAHUX MPAXOBa,
BPIICHO je YNOPEHOM aHaIM30M nobujennx anppakrorpama. Kpucramorpadeku
nopgany 3a GapujyM - THTAaHaTHY KEPaMHKy, CHHTEPOBaHy y MHTepBany uimeby
900 °C 1 1100 °C noGujenu cy anamm3oM aupakuOHUX npoduna u Kopuirhemem
Kommjytepckor nporpama LSUCRI-87.

YIopeHoOM aHanu3oM OGUjeHHX pe3ysTaTa pasMOTpPEH je yTuuaj TpuGodusmuke
aKkTHBaljWje Ha POMEHY MapaMeTapa KPHUCTAHE PeleTKe M (ha3Hor cacrasa [2].

[1] Tkacova, K., Mechanical Activation of Minerals, Elsevier science publishers,
Amsterdam, (1989), p. 38

[2] Stojanovié, B., Pavlovié, V., Zivkovié, Lj., Brankovi¢, G., Risti¢, M.M., Sci. Sint., 27
(1995), p. 169-173
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For a newly sinthesized steorid compounds, whose structure is under current investigation,
as well as for some comercial steroids, the measurement of the physical parameters has been
performed to enable the correlation with their structures.

In this work the results of the measurements of relative permittivity (1) and conductivity are
presented. The densities of the compounds were measured by the gravimetric method. The
speciments were prepared in the form of tablets under high pressure.

It was found for all compounds that the relative permittivity was not changed in the wide
temperature range from -80 to 50 °C. For 3B-hydroxy-5-androstene-16-oximino-17-one the
relative permittivity and conductivity suddenly decreases at 82 °C, probably due to partial
fragmentation of the five membered D-ring of the steroid sceleton, leading to the
appearance of extremely polar D-seco acid, whose structure should be confirmed by the
supplemental examinations. The permittivity and conductivity of other steroidal
compounds under investigations increases monotonously near by the melting point

(1) Koczé, F., Duli¢, M., Horvit, L., Acta Physica et Chemica (Szeged), Fasciculi 3-4
(1984).
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OJJPEGMBAIGE ®U3NYKUX ITAPAMETAPA
CEPUJE ITIOJIMKPUCTAJIIMYHUX CTEPOUTTA
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HoBocnHTeTH30BaHMM CTEPOHITHAM jeMECHAMA, 4Hja je PEHATeHOCTPYKTYpHA
aHanM3a y TOKY, KaO M HEKMM KOMEpLHjaJHHM CTEPOMJMMA MEpEHH Cy u
aHANMM3UpaHK oOfroBapajyhu ¢usuuku mapameTpu y 1mby ycmocTapibama
Kopeauuje u3ameby oBUX napameTapa 1 CTpyKType.

Y pany cy u3noXeHM pe3ylTaTH Mepema penaTHBHe nepmeabunsoctd (1) u
NPOBOJUBMBOCTH IIOMEHYTUX jEIMIEHAa Yy TEMIECPaTypckoM mHTepBany o -80 1o
160 °C. T'yctune ysopaka oppebeHe Cy IpaBUMETPHjCKOM METOHOM. Y30pLu cy
OPUIPEMAHK Y OONMKY TabneTa MOl BUCOKHM IIPUTUCKOM.

YTBpHEHO je 1a ce KOl CBUX MCIMTHBAHHX jE[IMEbCHba PEJIaTUBHA ePMeabUIHOCT He
MEma y IMPOKOM TeMnepaTypHoM unrepsaiy of -80 1o 50 °C. Kon 3B-xunpokcu-5-
aHNpOCTeH-16-0oKcuMuHO-17-0Ha Ha 82°C goma3u 110 CKOKOBHTOI CMaHEHa
penaTHBHE NMEPMHUTHBHOCTH M NpOBOAJbMBOcTH. IlpenmocraBiba ce ma momasu 1o
NeTUMUYHE  (DparMeHTanyje MeTOowIaHor D-mpcTeHa y CTEpPOMAHOM  CKeNery
MOJIEKyJIa TIpU UeMy Hacraje BeoMa nojyiapHa D-ceko KucennHa, wro 6u Tpebana ja
NOTBPAM CTPYKTYpHA aHanu3a JOOMjEHOr jefumera nocie ximahema. Koy ocramnmx
jenubemba OBY IapaMETPH IIOUMIY MOHOTOHO J1a PAcTy y GIH3HMHY TaUKe TOIULEHA.

(1) Koezo, F., Duli¢, M., Horvit, L., Acta Physica et Chemica (Szeged), Fasciculi 3-4
(1984).
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Bismuth(IIT) oxide occurs in four (o, B, y and 8) polymorphic modifications. One of them,
v-Bi,0;, is optically active, piezoelectric and photoconductive and has growing importance
in ceramics and glass industry. The actual formula of y-Bi,O; should be written as
Bi;;MO;. One example is Bij;SiO,, also known as mineral Sillenite. In the body-
centered structure of y-Bi,O; (sp. gr. /23) there is a tetrahedral M-site, which can be
partially or fully occupied by atoms with an oxidation number between +I and +V. It is
believed that presence of tetrahedral atoms stabilize structure, so that existence of a pure
v-Bi,0; is still questionable.

In this study we have investigated possibilities to prepare y-Bi,O3 doped with Si, Ti, Cr,
Mn, Co, Ni, Zn, V, Sb or Pb at temperatures between 680 and 800 °C. With exception of
Cr, Ni and Sb it was possible to prepare a pure, or almost pure y-phase. Their cell
parameters ranged from 10.10 to 10.27 A. In the samples containing Si the coexistence of
two y-phases with quite different cell parameters was observed. In some cases y-Bi,O5 with
Bi:M ratio higher than 12:1 was also obtained.

Ability to obtain y-phase, measured by reaction temperature and time of thermal treatment
decreases in the following order: Pb >V > Ti > Si = Mn = Co = Zn.

If unit cell parameters of prepared y-phases and some selected literature values are plotted
versus M"" ionic radii it is observed that the data lie on two straight lines with different
slope and intercept. The upper line includes only M*" elements (P, As, Sb, V) and Pb*'",
The results will be discussed in terms of different structural models for y-Bi,O3, with special
attention paid to the model proposed recently by Radaev and co-workers [1,2]. The
existence of separate line for M*" atoms confirms Radaev’s suggestion that the structure of
v-Bi,O;3 can accommodate excess of oxygen in the (1/2,0,0) position. For example, the
sample containing V can be presented by formula BilZ(Biéfo.;VnggDo,og)Ozo_y.

[1] Radaev S. F., Muradyan L. A., Simonov V. I, Acta Cryst., B47 (1991), p. 1
[2] Radaev S. F., Simonov V. 1., Kristallografiya, 37 (1992), p. 91
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Busmyr(I1I)-okcuy ce jaBmwa y uetupu (o, B, y u 8) nonumopdae Mopudukanuje.
Jenna ont wux, y-Bi;Oj3, je ONTHIKY aKTHBHA, TUE30€TEKTPUIHA I doronpoBosHa, ma
uMa cBe Behu 3Hauaj y mHnycTpuju Kepamuke u crakita. CrapHy dopmyny v-Bi, O,
Tpebano 6u mucatu Kao Bij;MO,,. Jepan mpumep je Bi;,SiO,), mosHaT m Kao
MHUHEpaj CHJICHUT. Y 3alpPEMUHCKH LEeHTpupanoj hemuju y-Bi,O5 (npocropra rpyna
123) nocroju TeTpaegapcku M-Monoskaj, Koju MoxKe OUTHU EIUMIIHO WIN IIOTIIYHO
MONYHCH aTOMUMA YMjU Cy OKcuAauuonu 6pojeBnm m3meby +I m +V. Ilpucycrso
aToMa y TeTpaefapCKUM MOJIOKajiMa BEPOBATHO CTaOMIN3Yje CTPYKTYpY, TaKO /ia je
ocTojame uicTor y-BiyO3 joun yBek aucKyTabuIHoO.

Y oBoM papy uctpaxuBaHe cy MoryhHocTH fobujama y-Bi,O3 momupanor ca Si, Ti,
Cr, Mn, Co, Ni, Zn, V, Sb u Pb na Temneparypama ox 680 o 800 °C. Ca usy3zeTkom
kon Cr, Ni u Sb, 6uno je mMoryhe mpunpeMuTH 9YHCTY WM CKOpO 4HCTY Y-(hasy.
[Mapamerpn henuja Hanmase ce y omcery ox 10,10 mo 10,27 A. Kop y30paka Koju
cappake Si fobujere cy nBe y-thase ca BPIIO pa3TMIHTHM NapamMeTpuMa hernja.
Moryhuocr nobujama y-hase, MepeHa peakIHOHOM TEMIIEPATYPOM U BPEMEHOM
TEPMHUUKOT TpeTMaHa, omaja cnefpehum pegom: Pb >V > Ti > Si=Mn = Co = Zn.
Kapa ce mapamerpu jequanane henuje no6ujennx y-casza u ogabpane BPEHOCTH 13
JUTEpaType NPUKaXKy y OHOCY Ha jOHCKe paaujyce M™* 3amaxka ce a momarmm jgexe
Ha JIBE MpaBe Ca PasIMIATAM Harubom u ofceukoM. I'opma mpasa ykibydyje camo
MV+* enemente (P, As, Sb, V) u Pb+1V.

Pesynratu he OuTn uCKyTOBaHM ca acreKkTa pasiMYMTHX CTPYKTYPHHX MOJejIa
¥-Bi;O3. ITocrojame noce6He mpase 3a MY+ atome, noTephyje Mogen Papajena [1,2],
o KoMe CTpyKTypa y-Bi;O3 Moxe fa mpumu Bumak aToma kuceonuka y (1/2,0,0)
nonox(a] YsopaK ca BaHaJI1jyMOM MOXE Ce NPEeJICTaBUTH (hOPMYIOM
Bi;2(Big'03V5s900.08) 020,27

[1] Radaev S. F., Muradyan L. A., Simonov V. L., Acta Cryst., B47 (1991), p. 1
[2] Radaev S. F., Simonov V. L, Kristallografiya, 37 (1992), p. 91
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Cold sintering is a modern metallurgical method for consolidation of advanced materials
with high mechanical properties [1]. Plastic flow, as a dominant mechanism of
consolidation of materials during cold sintering, is associated both with generation, motion,
interaction and accumulation of dislocations and evolution of crystallite sizes and shapes.
Evolution of cobalt crystallite sizes and shapes caused by pressing pressure (0.1 to 1.0 GPa)
was evaluated by Scanning Tunneling Microscope (STM) NanoScope III, with Pt - Ir tip.
The STM images were obtained in height and current mode, alternately. Samples were
analyzed in air, at room temperature with bias voltage ranging from 4.5 to 5.1 mV and tip
currents from 37 to 41 nA. It was noticed significant change in crystallite shapes with
increase of pressing presure. Also, changes of cobalt mean crystallite sizes are in good
agreement with results evaluated by X - ray powder diffraction (XRPD) [2].

[1] Gutmanas, E.Y., Powder Metallurgy Inter., 15 (1983), p. 129 - 132
[2] Marinkovi¢, B., Kremenovi¢, A., Stojanovié, B., Risti¢c, M.M., Book of Abstacts of
ECM-17 Seventeenth European Crystallographic Meeting, IUCr, Lisboa, (1997)
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XMaHO CHHTEPOBamE je CaBPEMEH METalypUIKH METOJ| 3a [o0Hjame MaTepHjasa
BUCOKUX MEXaHMYKHX cBojcraBa [1]. Ilmactuuyno Teueme, Kao AOMUHMpajyhu
MeXaHH3aM KOHCOJIMJANMje MaTepujaia TOKOM XJIaJHOT CHHTEPOBamba, JUPEKTHO je
NOBE3aHO Ca HACTajatbeM, KPETakeM, HHTEPAKINOM I yMPEXKaBambeM IUCIOKaINja,
OIHOCHO TIPOMEHOM JUMEH3Mja 1 oOnuka Kpucranura. OBa MPOMEHa KpHUCTAaIuTa
Kobanra y ¢ynkumju nputucaka (ox 0,1 mo 1,0 GPa), npahena je ckarupajyhnm
TYHEJICKUM MHUKpockomnoM tuna NanoScope III, ca Pt-Ir enextponom, kopumiheHoM
300T cBOje HHEPTHOCTH y BasfyXy. Ekcriepument je ypaben Ha co6HOj TemmepaTypu
KopuiheheM BUCHHCKOT M CTPYJHOT MOfa. MIKPOCKONIMpPaHe Cy MOBPIINHE XTAHO
CUHTEPOBAHOI KOOanaTa KOPHUIThEHEeM HaloHa TyHeqmpawa of 4,5 no 5,1 mV nu
cTpyje TyHenmpama off 37 jo 41 nA. YoueHa je 3HauajHa NpoOMeHa OGIMKa
Kpucranura ca nosehasamem mputucaka. Takobe, mpoMeHna cpenmux BeaMuMHA
KpUCTamuTa Kobanra je y carjacHOCTH ca pe3yiTaTHMa JOOWjeHMM pPEHATCHCKOM
nudpakumjom [2].

[1] Gutmanas, E.Y., Powder Metallurgy Inter., 15 (1983), p. 129 - 132
[2] Marinkovi¢, B., Kremenovi¢, A., Stojanovié, B., Risti¢, M.M., Book of Abstacts of
ECM-17 Seventeenth European Crystallographic Meeting, IUCr, Lisboa, (1997)



