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rozSifeni pikG a urcit jednoznacné rozdéleni velikosti
krystalitt. Prekvapiva je pfitomnost velké mikrodeformace
uvnitt krystalitd (velka hustota dislokaci - asi 6x10"° m™) a
vyskyt rastovych vrstevnych poruch (az 8% ve vzorku s

nejmensimi Casticemi).
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Tabulka 1. Teoreticka velikost zrn (dieor), velikos krystaliti
uréend z rozSiteni profilll (dgs), hustota dislokaci (paier)
a pravdépodobnost vyskytu rtstovych vrstevnych chyb (Biyin)
urcené z rtg. difrakénich profilu.
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Immunoglobulines play an irreplaceable role in the
immunity system in all higher organisms. Because of its role
in activation of immunological reaction against infected
cells, immunoglobulines are routinely used in medical appli-
cations. There is a very reliable way of IgG purification
based on its affinity to the B fragment of the protein A from
Staphylococcus Aureus. However, the costs of production of
protein A are significant and thus a new method of rapid and
cheap production of purified immunoglobulines in
non-denaturating conditions is worth of our special interest.
Any highly selective separation process should be based on
molecular recognition between a specially designed ligand

and the immunoglobulin surface.

In spite of an immense diversity of Fab fragments con-
taining the hypervariable regions (responsible for molecular
recognition of antibody) at the antigen binding sites, the im-
munoglobulines of the same type (e.g. I[gG2b) share very
similar aminoacid sequences of Fc fragment. The object of
our interest is Fc-fragment, because of its invariant structure.
Explication of structure of this fragment and its interaction
with other molecules can help in design of polymer sorbents

for affinity chromatography.

Structure determination

Monoclonal antibody, class IGg2b was cleaved by papain
and purified in 4C on BioLOGIC LP System(BIORAD) us-
ing protein A Sepharose column (Biorad). The measured

crystal was grown under the following conditions:

Reservoir: HEPES pH 7.5, PEG 2000 20 % (w/v).
Drop: 1 pl of reseivoir solution plus 1 pl of protein 8
mg/ml, PBS (phosphate buffer saline) pH 7.5.
Cryoprotectant: 20 % glycerol.

The diffracted intensities (total 34029 independent re-
flections) was collected at the ID-29 beamline at the syn-
chrotron ESRF in Grenoble with the diffraction limit 2.2
A. The measured crystal (a triangle platelet 0.3 x 0.1 x
0.02 mm) was flash cooled to 100 K. Space group is C2,
the unit cella= 135,73 A, b=62,75A,c=69,81 A, B =
103,35°. Data reduction was performed by program
package HKL (Denzo, Scalepack, Xdisp) [1]. The phase
problem was solved by molecular replacement (program
AMORE [2]) using the structure model 11GT taken from
PDB [7] (sequence similarity 79 %). The other data pro-
cessing was done mostly using the program package
CCP4 [3]. The structure refinement was done by program
REFMAC [4]. Manual corrections were done by program
XtalView [5], the solvent water molecules determined
with help of ARP/WARP [6]. The methods used were
similar as described in [9]. The final R factors are R =
0.19, Rgee= 0.25. The refined structure satisfies all crite-
ria set by program Procheck [7].

Both protein chains of the Fc fragment IgG2b (resi-
dues from Glyl25A to Arg331A and Glyl25B to
Arg331B) were uniquely identified in the maps of elec-
tron density (except of conformational alternatives evi-
dent at side chains of several residues.
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Fig. 1. Schematic view of the Fc fragment of mouse immunoglobulin IgG2b. Each of the protein chains
A,B (upper and lower) divides into two compact domains Cy2 (loosely joined together by non-covalent in-
teractions of oligosaccharide chains [black lines] - left side) and more compact dimer of two Cy3 domains
(right side). Small spheres are water molecules in positions stabilized by hydrogen bridges to the molecu-

lar complex.

The oligosaccharide chains joining the two protein
chains were taken from the protein structure database PDB
/8/ - the structure of immunoglobulin IgG2a (PDB code
IT11C). Both chains -NAG;(FUC)-NAG,-MAN;(MAN-
NAG-GAL)-MAN,4-NAGs are chemically bound to Fc
fragment through asparagines Asnl85A and Asnl85B.
The MAN-NAG-GAL branch of both oligosaccharide
chains has contacts to its own protein chain only. The
chains -MAN;-MAN,-NAGs; of both Fc fragment halfs
form several hydrogen bonds joining thus both CH2 do-
mains together.

Conclusion

A detailed structure of the intact Fc fragment of IgG2b in
buffer with pH 7.5 determined in this paper is important for
elucidation of the structure changes and the interactions
with proteins possessing high selectivity for Fc fragment
surface. These include complement components responsi-
ble for immunological response, viral proteins (protein A,
protein G,...), cell surface receptors and specially designed
molecules suitable for highly efficient separation of
immunoglobulines by affinity chromatography.

The project is supported by MSMT - 1K05008.
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Lectins are a class of proteins of non-immune and non-en-
zymatic origin that bind carbohydrates specifically and re-
versibly. They express numerous biological activities,
nearly all of which are based on their acting as recognition
determinants in diverse biological processes including fer-
tilization, pathogen-cell adhesion and recognition, inflam-
matory response and others. A number of pathogen
microorganisms utilize lectin-carbohydrate interaction to
recognized and infect host organism. The comprehension
of the molecular mechanisms which gives a pathogenic
bacterium the ability to invade, colonize and reorient the
physiopathology of its host is a goal of primary importance
and such studies may direct the conception of new strate-
gies to fight these pathogenic agents[1].

Ralstonia solanacearum is soil-born bacterium, which
belongs to the group of beta-proteobacteria. It is responsi-
ble for bacterial wilts on more than 200 plant species in-
cluding potato, tomato banana and others economically
important corps [1]. R. solanacearum, which is capable of
living for prolonged periods in the soil, infects its hosts be-
ginning with the root system and presents a very strong tro-
pism for the xylem vessels. Its extensive multiplication in
the water-conducting system leads to a systemic infection
of the plant.

This contribution describes three lectins RSL (9.9 kDa)
[2], RS-IIL (11.6 kDa) [3] and RS20L (20 kDa) that have
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been found in R. solanacearum extract and purified using
affinity chromatography. All lectins were crystallized by
vapor diffusion and high and ultra-high (in case of 0.94 A
resolution of RSL/a-methylfucoside) resolution data were
collected at ESRF, Grenoble, France. The structural data
have been supplemented by ITC microcalorimetry and sur-
face plasmon resonance studies defining lectins specificity
to carbohydrates including those, which are commonly
present in nature and may be the target for the lectins in
plants.
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Carbohydrates are essential components of life that play
crucial role in all organisms. They are very important agent
in recognition and signalling ways. Lectin-carbohydrate
interactions play a crucial role in many recognition events.
Chromobacterium violaceum is a gram-negative bacte-
rium first described at the end of 19" century. This bacte-
rium has been found in tropical and subtropical regions,
water and borders of the Negro river. Ch. violaceum is an

opportunistic pathogen and may cause diseases in
immunocompromised individuals [1]. It is phylogeneti-
cally related with human pathogen Pseudomonas
aeruginosa, which produces PA-IIL lectin, closely related
with its virulence.

The contribution is focused on identification and struc-
ture-function characterisation of PA-IIL homolog, CV-IIL,
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found by searching in sequenced bacterial genome of Ch.
violaceum [2]

The gene of the protein has been cloned and resulting
protein CV-IIL has been purified by affinity chromatogra-
phy. CV-IIL/o-methyl-D-mannoside and CV-IIL/ a-
methyl-L-fucoside complexes have been crystallised by
hanging drop vapor diffusion method using high-molecu-
lar weight PEGs as precipitants. Diffraction data at 1.0 A
resolution were collected under cryogenic conditions
(100K) on the beamline ID14-2, at ESFR, Grenoble,
France. The crystal structures of CV-IIL in complexes with
sugar ligands were solved by molecular replacement.
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Structure studies together with binding data analysis al-
lowed comparison of CV-IIL and PA-IIL and brought
more detailed view on fine specificity of both lectins.
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[2] Imberty A, Wimmerova M, Mitchell E.P., Gilboa-Garber, N.
Structures of the lectins from Pseudomonas aeruginosa: In-
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Popilky se vyznacuji vysokou hydraulickou aktivitou.
Zputsoby alkalickych aktivaci provadéné pfi laboratornich
teplotdich jsou znamé. Jde predev§im o klasické
zpeviiovani na bazi pucolanickych reakei. V posledni dobé
se objevuji reference o vzniku geopolymernich gela
v systémech popilek — Na-vodni sklo. Geopolymerni
reakce vyzaduji pritomnost rozpusténych forem SiO,,
jejichz potfebu saturuje pravé pridavek vodniho skla.
Forma AI’* do reakce vstupuje piedeviim z amorfnich
slozek popilku a méné pravdépodobné =z mulitu
(3A1,0;5.2810;). Majoritni slozkou popilku je kiemen,
jehoz rozpustnost stoupa se stoupajicim pH a teplotou.
Zamérem této prace bylo vyuziti rozpousténi kiemene,
mulitu a amorfnich slozek pfi vyvoji geopolymernich
reakci v systémech aktivovanych NaOH v hydrotermalnich
podminkéch a také jakym zplisobem ovlivituje piidavek
metakaolinu eventuelné ve smési s kaolinitem do tohoto
systému dosahované pevnosti.

Pro dosazeni tohoto cile byly piipravovany kompozity
obsahujici 50 g popilku (Teplarna Strakonice) nebo 30 g
popilku + 20 g metakaolinu. Kompozity byly rovnéz
ptipraveny ze smési 30g popilku + 20 g ¢aste¢né zihaného
kaolinu (v produktu zihani bylo zjisténo cca 30%
ptvodniho obsahu kaolinitu). Alkalickd aktivace tohoto
systému byla provedena 31g 10M roztoku NaOH. Ze smési
byly vytvarovany kosticky (2x2x2 cm), které byly
temperovaly pii 80°C po dobu 5 hodin nejdiive zabalené
ve folii a 5 hodin uloZeny voln¢ v susarné pfi téze teplote.
Kosticky byly po dobu 1 tydne ulozeny v exsikatoru a poté
byly podrobeny hydrotermalni aktivaci v autoklavech pii
izotermach 100, 140 a 180°C po dobu 24 hodin
v bezvodém prostiedi a v piidavku 10 ml H,O. Pfi stejnych
teplotaich byly provedeny experimenty v autoklavech
s expozici 168 hodin v prostredi H,O. Thned po vyjmuti
z autoklavi byly kosti¢ky podrobeny meéfeni pevnosti
v tlaku. Z kazdé fady experimentl rezultovalo 11 vysledkia
pevnostnich méfeni (9 autoklavovanych kompozitt a 2
z normalniho zrani po 7 a 90 dnech). Korelace dosazenych

pevnosti byla provadéna na zakladé kvantitativniho
parametru  vychazejici z rtg. praskové difrakce
charakterizujici vznik sekundérnich slozek (pfedevsim
zeolitl) a ubytku zdrojovych slozek — kiemene a mulitu
v kompozitech. Nékteré produkty byly rovnéz podrobeny
analyze MAS NMR.

Dosazené pevnosti v tlaku kompoziti nekoresponduji
s teplotnimi a casovymi expozicemi hydrotermalniho
pusobeni. V siln¢ alkalickém prostfedi dochazi k aktivaci
systému rozpousténim amorfnich a krystalickych slozek (v
piipad¢ popilku kiemene a pti vyssich teplotich rovnéz
mulitu). Kompozity pfipravené pouze z popilku pfi
alkalické aktivaci dosahovaly pevnosti maximaln¢ do 10
MPa. Vys$8i pevnosti pii srovnatelnych podminkach
pripravy a teplotniho zpracovani byly zjistény v systému
metakaolin - popilek - NaOH a nejvyssi (az 27MPa)
v systému metakaolin (kaolin) - popilek — NaOH. Pevnosti
v tlaku kompozitd se zvySuji s rostoucim obsahem
zeolitovych fazi. Zavislosti nejsou nikterak ostré, protoze
se pevnosti mohou lisit u stejné pfipravenych kompoziti o
jednotky MPa. Trendy jsou vSak zfejmé (viz Obr.1). Se
vzrustajicim obsahem zeolitovych fazi se rovnéz zvysuje
odolnost vuci tlaku. Urcitou vyjimkou jsou experimenty
systému metakaolin — popilek — NaOH, kdy doslo
k rozsahlé rekrystalizaci materidlu provazené snizenim
pevnosti neodpovidajici naznaenému trendu. Tuto
zévislost je mozno korelovat vymizenim charakteris-
tickych reflexi mulitu z rentgenového zaznamu a vyraznym
vzristem intenzit zeolitovych minerdld (konkrétné
analcimu).

Vyvoj pevnosti je piedev§im ovlivnén pfitomnosti
amorfnich slozek v popilku. V tomto kontextu byvaji popi-
sovany sklovité faze ¢i pozustatky metakaolinu tepelné
nepfeménéného do mulitické slozky. Sklovité slozky jsou
reaktivni a s nejvetsi pravdépodobnosti vytvaii svym roz-
pousténim gel geopolymerniho typu, ktery ma vyrazny
podil na rlstu pevnosti kompoziti podrobenych normal-
nimu zrani. Se vzristajici teplotou dochazi k akceleraci
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Obr. 1. Zavislost intenzit vybranych usekt rtg

difrakéniho praskového zaznamu charakterizujici
pritomnost zeolitli na dosazené¢ pevnosti kompoziti
v jednotlivych systémech.

rozpousténi amorfnich slozek ale také kfemene obsa-
zen¢ho v popilku. Rozpustené formy SiO, reaguji
s metakaolinem za vzniku geopolymerni sit¢ a zaroven
dochazi ke vzniku zeolitovych fazi v této matrici. Tato
reakéni faze je charakterizovana naristem mechanickych
pevnosti, ktery je mozno korelovat ubytkem kiemene a
snad mulitu a vristajicim mnozstvim zeolitovych fazi
v systému (tento Ubytek je nejen detekovatelny na rtg
zaznamu, ale i na NMR spektrech obrazku 2 v oblasti
-107ppm ubytkem intenzity). Schopnost systému dodévat
zdrojové slozky pro vystavbu geopolymerni sité neni
neomezena, protoze dostupné formy Al se vycerpaji. NMR
spektra (Obr.2) dokladaji ptitomnost monomernich forem
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Si0, v produktu alterace popilku. Bez ptitomnosti Al ve
formé [AI(OH)4]" neni na jedné strané mozna utilizace
rozpusténého SiO,, ale rovnéz je omezena moznost dalsi
pfemény geopolymerni fidze na zeolity. Rozpusténim
poslednich mnozstvi mulitu dochazi sice v systému
k vzrastu koncentrace Al, ale na druhé strané€ ke snizeni
pevnosti v dasledku transformace gelu v zeolitové faze
(obr.1:diagram popilek — metakaolin — body s nejvyssimi
hodnotami intenzit).

Pfechod pentagonalné a hexagonalné koordinovaného
Al na tetragonalni je dokumentovan na NMR spektrech
Obr.2. Pivodné rozsifeny signal popilku s maximem 56
ppm svédcici o vazbach tetragonalnich s hexagonalnim a
pentagonalnim Al, se postupné zuzuje tak, jak se vytvaii
geopolymerni sité. Pentagonalné koordinovany Al pretr-
vava v produktech jako mulit.

Experimentalni prace provadéné v autoklavech se
vyznacuji tim, ze je mozno ziskat jen velmi malo informaci
o prechodnych stadiich probihajicich béhem hydrotermal-
niho procesu. Praskova difrakéni analyza vede k zdkladnim
informacim o produktech, ale vzhledem ke své fyzikalni
podstaté nemiize vysvétlit mechanismy jejich vzniku.
MAS NMR podava pravé o téchto procesech neocenitelné
udaje a z tohoto hlediska je dulezitou komplementarni
metodou k rtg. analyze.

A\

Obr. 2. Spektra ’Si a >’ Al pro vzorky A-popilek Strakonice; B — popilek + 10M NaOH po 7 dennim zrani (dosaZena
pevnost v tlaku SMPa), C — popilek + 10M NaOH po hydrotermalnim zpracovani pti 180°C (24h, 9MPa).
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Calix[4]arenes are a fascinating class of macrocyclic com-
pounds, which has recently attracted a lot of attention be-
cause of their potential wide use in many areas of research
and industry. Having started in the 19" century by reac-
tions of phenol and aldehydes performed by Adolph von
Baeyer; and continued by a considerable effort of David C.
Gutsche in the 1970s, the chemistry of calixarenes has de-
veloped into a wide and well-explored area [1]. Calix[4]
arenes have been used principally as spacers bearing func-
tional groups in a well-defined arrangement, allowing their
desired cooperation [2].

The utilization of calixarenes as molecular platforms
possesses a few advantages. First, the synthesis of these
macrocycles can be easily accomplished by a well-known
procedure in good yields. The size of the macrocycle can be
successfully controlled by the reaction conditions [3]. The
starting materials (p-tert.butylphenol and formaldehyde)
are inexpensive and common. Calix[4]arenes can be easily
modified both on their upper and lower rim [3], which al-
lows to change their chemical and physical properties as re-
quired. Finally, the four possible conformations of the
calix[4]arene macrocycle, easily immobilized by lower-
rim substitution [2], are the main reason for the advantage
of using calix[4]arenes as molecular platforms.

Recently, heterocalix[4]arene macrocycles have been
synthesized. These compounds contain a heteroatom (S, N,
Si) or a functional group based on heteroatom (SO, SO,)
instead of the methylene bridge, which is responsible for
their greater conformational flexibility [4].

The conformation and symmetry of the calix[4]arene
molecule is important for its function as a spacer bearing
substituents in a defined arrangement, which allows their
interaction, interaction with cations, anions or neutral mol-
ecules, cooperation in ion pair binding etc. [2, 5]. Another
important factor is the rigidity or flexibility of the substitu-
ents and of the calix[4]arene skeleton. The rigidity of the
latter can be achieved by bridging the upper or lower rim of
the calix[4]arene molecule, effectively locking its move-
ments [2]. Furthermore, the conformation of the
calix[4]arene platform can be influenced by the interac-
tions of its hydrophobic cavity or aromatic rings with cat-
ions or neutral molecules by the means of cation-nt
interactions, 7~ interactions or van der Waals interactions.
The substituents on the upper or lower rim may also partici-
pate in shaping of the calix[4]arene molecule. The possible
interactions (beside the above mentioned ones) may in-
volve inter- or intramolecular hydrogen bonding, electro-
static interactions, donor-acceptor interactions (cation
complexes or Lewis acid-base pairing) and sterical hin-
drance. In conclusion, the final shape of the calix[4]arene
platform results from the combination of all these effects.

To elucidate the influence of the substitution on the up-
per and lower rim of the calix[4]arene and inter- or

the angle of the phenyl ring
to the reference plane

A o
@) @)

the reference plane of the /Y N

methylene groups R R R R

Fig. I. The definition of the phenyl ring angles ;.

intramolecular interactions on the conformation of the
calix[4]arene molecule, we decided for the Cambridge
Structural Database [6] as the largest source of information
(about 1,500 calix[4]arene structures). The conformation
of the calix[4]arene molecules and inter- or intramolecular
interactions of these compounds can be easily determined
from the crystal structure data. Nevertheless, this informa-
tion might not fully correspond to the conformational be-
havior of the calix[4]arene molecules in solution.

To describe the conformation of the calix[4]arene skel-
eton, a variety of geometrical parameters can be calculated
(e.g. the distances between the oxygen or carbon atoms on
the lower or upper rim, the angles of the planes of the
phenyl rings etc.). We have decided to describe the
calix[4]arene conformation by the defining of a reference
plane to which the angles of the four phenyl rings are re-
lated. The most convenient reference plane appears to be
the plane of the four methylene bridging groups (for the
vast majority of structures, the deviation of the methylene
carbon atoms from this plane is below 0.01 nm). The angles
of the phenyl rings (o, i = 1-4) are calculated in the scale
0-360° (see Fig. I).

Next step in the description of the calix[4]arene confor-
mations is the definition of geometrical parameters a, f3, &
according to (1).

a=025, +o,+o,+0,)

[3=|0L1+0L3|—|O(2+OL4| (1)

8=|0,] —0, |+ |O(2 —OL4|
The parameter o is the average value of the phenyl ring an-
gles o - o4 (numbering reflects the order of the phenyl
rings in the calix[4]arene molecule, e.g. o, o, corresponds
to adjacent rings, o, o3 to opposite rings etc.). The param-
eter B reflects the distortion of the calix[4]arene molecule
towards C,, symmetry (for calix[4]arenes in the cone con-
formation). Finally, & reflects the distortion towards Cj
symmetry (again, for calix[4]arenes in the cone conforma-
tion). Further examples of the dependence of the parame-
ters a, 3, 6 on the calix[4]arene conformation are depicted

in Fig. II (the schemes show slices through the
calix[4]arene opposite rings and usual angles).
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Calix[4]arene cone.

Calix[4]arene Cy,

>\Ja3 “;XJ oy

=0, =03 =0y = 60°
oc=60°,[3=8 =0°

Calix[4]arene C,,

o = (13*90 (12*Q4*300
o =60° B =120°56=0°

Calix[4]arene Cq

m,\Jez A

03—60 Q2—90 04—300
OL—60°,[3—0°,5—60°

Calix[4]arene partial cone.

e Lﬁ

ocl az =60° a, —90° oy =270°
= 120O 240O = 180°

Calix|[4]arene 1,3 - alternate.

o) =03 = 900, Oy =0y = 270°
o =180° B =360°,5=0°

Calix[4]arene 1,2 - alternate.

(12—90 (1,3—01,4—2700
—180°B 0°, 6 =360°

Fig. I1 : Parameters a., 3, 8 in dependence on the calix[4]arene conformation and symmetry.

The parameters o, B, 8 reflect the conformation of the
calix[4]arene molecules (see Fig. II). For example, all
calix[4]arenes in the cone conformation have o < 90s and
the values of B, & reflect their distortion towards C,,, C, or
C, symmetry (the latter for both f3, 8 significantly different
from zero). The dependence of the 3, 6 values is shown on
the group of heterocalix[4]arenes in Fig. II1.

The dependence of the parameters f3, 3 on the symmetry
of the calix[4]Jarene is shown on the example of
non-complexed calix[4]arenes in the cone conformation
symmetrically tetrasubstituted on the upper and lower rim
(Fig. IV).

The deformation of the symmetrically tetrasubstituted
cone-calix[4]arene molecules towards C,,, C; or C; sym-

550
500[ (4
450 [ l. 1,2-alternate
400
350 |
8 300 |
250 +
200
150 +

100
1,3-alternate

50—
of - ’
200

partial cone

&

Fig. I11. The distribution of the f3, 5 values in the group of hetero-
calix[4]arenes from [6].

40

0 20 40 60 BBO 100 120 140 160

Fig. IV. The dependence of the parameters 3, 6 on the symmetry
of the symmetrically tetrasubstituted cone-calix[4]arenes not
bound to metal from [6].

metry is caused by the above-mentioned types of interac-
tions, principally cation complexation, n-n stacking, hy-
drogen bonding and sterical hindrance. Some examples are
given on Fig. V.

The dependence of the calix[4]arene symmetry on
changing the substitution pattern of the upper or lower rim
can be also considered. Nevertheless, the dependence is
complex and results from the combination of sterical and
electronic effects. Our further attempts on this field are in
progress.

Due to the large amount of CSD data and limited space
in this abstract, only a few examples of the influence of the
interactions on the shape of the calix[4]arene molecule are
presented.
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Fig. V. Examples of deformation of the calix[4]arene mole-
cule towards C,, and C, symmetry (atom colors : black C,
red O, blue N, green P, yellow W) [6].

CRYSTALLOGRAPHY OF THE Sb-Te-Ni SYSTEM
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The new unnamed nickel antimonide telluride Ni,SbTe,
was found as 6 um grain by Vaviin and Fryda [1] at the
Kunratice Cu-Ni deposit (North Bohemia). This ternary
phase is in a close association with melonite (NiTe,); this
assembly is included in pyrrhotite (Fe,S). In order to de-
termine the crystal structure of this phase (from the syn-
thetic analogue) and to further explore the Ni-Sb-Te phase
diagram, the crystallography of this ternary system was in-
vestigated. The phases were prepared using the silica glass
tube method. Our experiments were performed in the Ex-
perimental laboratory of Czech Geological Survey. High-
purity elements — tellurium (99.999 %), antimony (99.99
%) and nickel (99.995 %) were used as starting materials.
Before being used for syntheses, nickel was heated for 1
hour in a stream of H, at 800 °C. Carefully weighted sam-
ples were loaded into the high purity silica tubes and tightly
fitting silica rods were placed on the top of the reagents in
order to reduce the vapour volume during heating. The sil-
ica tubes with the charge were sealed under vacuum and

then heated in the horizontal furnaces in which the
temperature was controlled electronically. The maximum
temperature variation did not exceed 4 °C. The samples
were heated at 400°C or at 800°C for three weeks. The ex-
periments were terminated either by quenching in a cold
bath or by slow controlled cooling to room temperature.
The crystal structure of the new phase Ni,SbTe, pre-
pared at 800°C (experiment terminated by quenching), de-
termined from X-ray single diffraction data, is hexagonal,
NiAs type, with lattice parameters: @ = 3.9108(2), ¢ =
5.2489(3) A, space group P6s/mmc (no. 194). The anti-
mony and tellurium occupy the crystallographic position
2¢; the position 2a is occupied by nickel atoms (Fig. 1)
The crystal structure of Ni,SbTe, prepared at 400 °C
(experiment terminated by slow controlled cooling to room
temperature within interval 22 hours), originally described
by [2], refined from single X-ray diffraction data, is hexag-
onal with lattice parameters a = 3.9110(2), ¢ = 15.696(1)
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Fig. 1. Crystal structure of Ni,SbTe, prepared at 800°C (exper-
iment terminated by quenching).

A, space group P6s/mmc (no. 194). The antimony and tel-
lurium atoms occupy different crystallographic positions,
antimony 2¢ and tellurium 4f. (Fig. 2). The crystal structure
can be described as “hybrid” of NiSb and NiTe, with an
elongated c-axis. In NiSb structure, the close packed anion
layers are all Sb with ABAB stacking and all octahedral
holes are filled with Ni. If every third plane of Ni atoms is
removed from NiSb and Sb replaced with Te in two out of
three layers, we can obtain the Ni,SbTe, structure (low
temperature modification). The atom stacking sequence is
CABCAC (A —Ni, B—Sb, C—Te). The interlayer Te — Te
distance is 3.543 A. It is also to be noted that this inter-
atomic distance is larger than Te, pair-cointaining phases
(2.763 A in HfTe, and 2.793 A in ZrTe;, ) or in elementary
Te (2.84 A) [3], but shorter than the van der Waals distance
4.12 A (default van der Waals radius for Te is taken from
[4]). The weak interlayer Te bonding results in a layered
structure which corresponds to plate-like morphology of
crystals.

The situation in the case of crystal structure of
Ni,SbTe, prepared at 400°C (experiment terminated by
quenching) is more complicated.The X-ray powder dif-
fraction pattern corresponds to the high temperature phase,
nevertheless diffraction profiles of 20/ and /10 lines are
asymetrical. This assymetry disappears in the powder pat-
tern of Ni,SbTe, prepared at 800 °C (experiment termi-
nated by quenching, Fig. 3). On the Selected Area Electron
Diffraction (SAED) pattern of reciprocal planes 40! it is

e b T ST PR

A
(i i e 1 ey

538 54.2 54.6 550 554 55.8 56.2 56.6 57.0
26 (%)
Fig. 3. Diffraction profile of /70 line of Ni,SbTe, prepared
at 400°C (above) and at 800°C, CoKa;.

e %o
@
“« .

Fig. 2. Crystal structure of Ni,SbTe, prepared at 400°C (ex-
periment terminated by slowly cooling to room temperature).

possible to observe weak reflections near 1/3 and 2/3 of the
distance between the sharp strong diffractions. These weak
reflections are systematically shifted from 1/3 to the left
and from 2/3 to the right, i.e. closer to the sharp strong dif-
fraction.

In fact, there is a large number of compounds that ex-
hibit Sb — Te bonding in which Sb is formally cationic. Ex-
amples of such compounds include K;SbTe;, TISbTe,,
SnSb,Tes, BaSbTe; and NaSbTe, [2]. In many com-
pounds the Sb and Te atoms are mixed on the same crystal-
lographic site and thus are not new structure types. These
include e.g. Ni,SbTe, Mn,SbTe, Co,SbTe, FeSbTe,
Pd,SbTe and Cr,SbTe [5]. Virtually, there are very few
compounds which have Sb and Te atoms on distinct crys-
tallographic positions. Examples of such compounds are
Ni;.sSbTe,, Cug ;Sb;Te and the new compound Ni,SbTe,.
Our research showed that the crystal structure of this phase
depends on the temperature during the formation.

The phase Ni,SbTe, forms a solid solution with end
members having a composition of 42,1 % Ni, 13,0 % Sb,
44,9 % Te and 43,0 % Ni, 28,4 % Sb, 28,6 % Te (at.%) at
400sC. The most characteristic feature is a small change of
the nickel content as well as significant differences of the
antimony and tellurium content
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