
rozšíøení píkù a urèit jednoznaènì rozdìlení velikosti
krystalitù. Pøekvapivá je pøítomnost velké mikrodeformace
uvnitø krystalitù (velká hustota dislokací - asi 6x1015 m-2) a
výskyt rùstových vrstevných poruch (až 8% ve vzorku s
nejmenšími èásticemi).
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Im mu no glob u lines play an ir re place able role in the
immunity sys tem in all higher or gan isms. Be cause of its role
in ac ti va tion of im mu no log i cal re ac tion against in fected
cells, im mu no glob u lines are rou tinely used in medical ap pli -
ca tions. There is a very re li able way of IgG pu ri fi ca tion
based on its af fin ity to the B frag ment of the pro tein A from
Staph y lo coc cus Aureus. How ever, the costs of pro duc tion of
pro tein A are sig nif i cant and thus a new method of rapid and
cheap pro duc tion of pu ri fied im mu no glob u lines in
non-denaturating con di tions is worth of our spe cial in ter est.
Any highly se lec tive sep a ra tion pro cess should be based on
mo lec u lar rec og ni tion be tween a spe cially de signed ligand
and the im mu no glob u lin sur face.

In spite of an im mense di ver sity of Fab frag ments con -
tain ing the hypervariable re gions (re spon si ble for mo lec u lar
rec og ni tion of an ti body) at the an ti gen bind ing sites, the im -
mu no glob u lines of the same  type (e.g. IgG2b) share very
sim i lar aminoacid se quences of Fc frag ment. The ob ject of
our in ter est is Fc-frag ment, be cause of its in vari ant struc ture. 
Ex pli ca tion of struc ture of this frag ment and its in ter ac tion
with other mol e cules can help in de sign of poly mer sorbents
for af fin ity chro ma tog ra phy. 

Struc ture de ter mi na tion
Monoclonal an ti body, class  IGg2b was cleaved by papain
and pu ri fied in 4C on Bi o LOGIC LP Sys tem(BIORAD) us -
ing pro tein A Sepharose col umn (Biorad). The mea sured
crys tal was grown un der the fol low ing con di tions: 

Res er voir: HEPES pH 7.5, PEG 2000 20 % (w/v). 

Drop: 1 ml of reseivoir so lu tion plus 1 ml of  pro tein 8
mg/ml, PBS (phos phate buffer sa line) pH 7.5.
Cryoprotectant: 20 % glyc erol.

The dif fracted in ten si ties (to tal 34029 in de pend ent re -
flec tions) was col lected at the ID-29 beamline at the syn -
chro tron ESRF in Grenoble with the dif frac tion limit 2.2

C. The mea sured crys tal (a tri an gle platelet 0.3 ´ 0.1 ´
0.02 mm) was flash cooled to 100 K. Space group is C2,

the unit cell a = 135,73 C, b = 62,75 C, c = 69,81 C, b =
103,35°. Data re duc tion was per formed by pro gram
pack age HKL (Denzo, Scalepack, Xdisp) [1]. The phase
prob lem was solved by mo lec u lar re place ment (pro gram
AMORE [2]) us ing the struc ture model 1IGT taken from
PDB [7] (se quence sim i lar ity 79 %). The other data pro -
cess ing was done mostly us ing the pro gram pack age
CCP4 [3]. The struc ture re fine ment was done by pro gram 
REFMAC [4]. Man ual cor rec tions were done by pro gram 
XtalView [5], the sol vent wa ter mol e cules de ter mined
with help of ARP/wARP [6]. The meth ods used were
sim i lar as de scribed in [9]. The fi nal R fac tors are R =
0.19,  Rfree = 0.25. The re fined struc ture sat is fies all cri te -
ria set by pro gram Procheck [7].

Both pro tein chains of the Fc frag ment IgG2b (res i -
dues from Gly125A to Arg331A and Gly125B to
Arg331B) were uniquely iden ti fied in the maps of elec -
tron den sity (ex cept of conformational al ter na tives ev i -
dent at side chains of sev eral res i dues. 
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dthe or

(nm)
ddiff

(nm)

rdiff

(1015 m-2)
btwin

Au1 4.5 10±6 5±2 0.08±0.03

Au2 11.1 15±5 6±1 0.07±0.02

Au3 33.4 31±5 6.6±0.5 0.05±0.01

Au4 101.5 92±20 9±2
0.012
±0.005

Tabulka 1. Teoretická velikost zrn (dtheor), velikos krystalitù

urèená z rozšíøení profilù (ddiff), hustota dislokací (rdiff)

a pravdìpodobnost výskytu rùstových vrstevných chyb (btwin)
urèené z rtg. difrakèních profilù.



The oligo saccharide chains join ing the two pro tein
chains were taken from the pro tein struc ture da ta base PDB
/8/ - the struc ture of im mu no glob u lin IgG2a (PDB code
1I1C). Both chains -NAG1(FUC)-NAG2-MAN3(MAN-
NAG-GAL)-MAN4-NAG5  are chem i cally bound to Fc
frag ment through as pa ra gines Asn185A and Asn185B.
The MAN-NAG-GAL branch of both oligosaccharide
chains has contacts to its own pro tein chain only. The
chains -MAN3-MAN4-NAG5 of both Fc frag ment halfs
form sev eral hy dro gen bonds join ing thus both CH2 do -
mains to gether.

Con clu sion
A de tailed struc ture of the in tact Fc frag ment of IgG2b in
buffer with pH 7.5 de ter mined in this pa per is im por tant for 
elu ci da tion of the struc ture changes and the in ter ac tions
with pro teins pos sess ing high se lec tiv ity for Fc frag ment
sur face. These in clude com ple ment com po nents re spon si -
ble for im mu no log i cal re sponse, vi ral pro teins (pro tein A,
pro tein G,...), cell sur face re cep tors and spe cially de signed
mol e cules suit able for highly ef fi cient sep a ra tion of
immunoglobulines by af fin ity chro ma tog ra phy. 

The pro ject is sup ported by MSMT - 1K05008.
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Fig. 1. Sche matic view of the Fc frag ment of  mouse im mu no glob u lin IgG2b. Each of the pro tein chains

A,B (up per and lower) di vides into two com pact do mains Cg2 (loosely joined to gether by non-co va lent in -

ter ac tions of oligosaccharide chains [black lines] - left side) and more com pact dimer of two Cg3 do mains
(right side). Small spheres are wa ter mol e cules in po si tions sta bi lized by hy dro gen bridges to the mo lec u -
lar com plex.
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Lectins are a class of pro teins of non-im mune and non-en -
zy matic or i gin that bind car bo hy drates spe cif i cally and re -
vers ibly. They ex press nu mer ous bi o log i cal ac tiv i ties,
nearly all of which are based on their act ing as rec og ni tion
de ter mi nants in di verse bi o log i cal pro cesses in clud ing fer -
til iza tion, patho gen-cell ad he sion and rec og ni tion, in flam -
ma tory re sponse and oth ers. A num ber of patho gen
mi cro or gan isms uti lize lectin-car bo hy drate in ter ac tion to
rec og nized and in fect host or gan ism. The com pre hen sion
of the mo lec u lar mech a nisms which gives a patho genic
bac te rium the abil ity to in vade, col o nize and re ori ent the
physiopathology of its host is a goal of pri mary im por tance
and such stud ies may di rect the con cep tion of new strat e -

gies to fight these patho genic agents[1].
Ralstonia solanacearum is soil-born bac te rium, which

be longs to the group of beta-proteobacteria. It is re spon si -
ble for bac te rial wilts on more than 200 plant spe cies in -
clud ing po tato, to mato ba nana and oth ers eco nom i cally

im por tant corps [1]. R. solanacearum, which is ca pa ble of
liv ing for pro longed pe ri ods in the soil, in fects its hosts be -
gin ning with the root sys tem and pres ents a very strong tro -
pism for the xy lem ves sels. Its ex ten sive mul ti pli ca tion in
the wa ter-con duct ing sys tem leads to a sys temic in fec tion
of the plant.

This con tri bu tion de scribes three lectins RSL (9.9 kDa)

[2], RS-IIL (11.6 kDa) [3] and RS20L (20 kDa) that have

been found in R. solanacearum ex tract and pu ri fied us ing
af fin ity chro ma tog ra phy. All lectins were crys tal lized by
va por dif fu sion and high and ul tra-high (in case of 0.94 C

res o lu tion of RSL/a-methylfucoside) res o lu tion data were
col lected at ESRF, Grenoble, France. The struc tural data
have been sup ple mented by ITC microcalorimetry and sur -
face plasmon res o nance stud ies de fin ing lectins spec i fic ity
to car bo hy drates in clud ing those, which are com monly
pres ent in na ture and may be the tar get for the lectins in
plants. 
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Car bo hy drates are es sen tial com po nents of life that play
cru cial role in all or gan isms. They are very im por tant agent
in rec og ni tion and sig nal ling ways. Lectin-car bo hy drate
in ter ac tions play a cru cial role in many rec og ni tion events.

Chromobacterium violaceum is a gram-neg a tive bac te -
rium first de scribed at the end of 19th cen tury. This bac te -
rium has been found in trop i cal and sub trop i cal  re gions,
wa ter and bor ders of the Ne gro river. Ch. violaceum is an

op por tu nis tic patho gen and may cause dis eases in
immu nocompromised in di vid u als [1]. It is phylo gen eti -
cally re lated with hu man patho gen Pseu do mo nas
aeruginosa, which pro duces PA-IIL lectin, closely re lated
with its vir u lence. 

The con tri bu tion is fo cused on iden ti fi ca tion and struc -
ture-func tion char ac teri sa tion of PA-IIL homolog, CV-IIL, 
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found by search ing in se quenced bac te rial ge nome of Ch.
violaceum [2]

The gene of the pro tein has been cloned and re sult ing
pro tein CV-IIL has been pu ri fied by af fin ity chro ma tog ra -

phy. CV-IIL/a-methyl-D-mannoside and CV-IIL/ a-
methyl-L-fucoside com plexes have been crys tal lised by
hang ing drop va por dif fu sion method us ing high-mo lec u -
lar weight PEGs as precipitants. Dif frac tion data at 1.0 C
res o lu tion were col lected un der cryo genic con di tions
(100K) on the beamline ID14-2, at ESFR, Grenoble,
France. The crys tal struc tures of CV-IIL in com plexes with 
sugar lig ands were solved by mo lec u lar re place ment.

Struc ture stud ies to gether with bind ing data anal y sis al -
lowed com par i son of CV-IIL and PA-IIL and brought
more de tailed view on fine spec i fic ity of both lectins.

[1] Ribeiro De Vasconcelos, A.T. & 109 oth ers [Bra zil ian Na -
tional Ge nome Pro ject Con sor tium]; The com plete ge nome 
se quence of Chromobacterium violaceum re veals re mark -
able and ex ploit able bac te rial adapt abil ity. Proc. Natl.
Acad. Sci. 100, 11660 (2003).

[2] Imberty A, Wimmerová M, Mitch ell E.P., Gilboa-Garber, N. 
Struc tures of the lectins from Pseu do mo nas aeruginosa: In -
sights into mo lec u lar ba sis for host glycan rec og ni tion.
Microb. In fect. 6: 222-229 (2004).
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Popílky se vyznaèují vysokou hydraulickou aktivitou.
Zpùsoby alkalických aktivací provádìné pøi laboratorních
teplotách jsou známé. Jde pøedevším o klasické
zpevòování na bázi pucolánických reakcí. V poslední dobì
se objevují ref er ence o vzniku geopolymerních gelù
v systémech popílek – Na-vodní sklo. Geopolymerní
reakce vyžadují pøítomnost rozpuštìných forem SiO2,
jejichž potøebu saturuje právì pøídavek vodního skla.
Forma Al3+ do reakce vstupuje pøedevším z amorfních
složek popílku a ménì pravdìpodobnì z mulitu
(3Al2O3.2SiO2). Majoritní složkou popílku je køemen,
jehož rozpustnost stoupá se stoupajícím pH a teplotou.
Zámìrem této práce bylo využití rozpouštìní køemene,
mulitu a amorfních složek pøi vývoji geopolymerních
reakcí v systémech aktivovaných NaOH v hydrotermálních 
podmínkách a také jakým zpùsobem ovlivòuje pøídavek
metakaolinu eventuelnì ve smìsi s kaolinitem do tohoto
systému dosahované pevnosti. 

Pro dosažení tohoto cíle byly pøipravovány kompozity
obsahující 50 g popílku (Teplárna Strakonice) nebo 30 g
popílku + 20 g metakaolinu. Kompozity byly rovnìž
pøipra veny ze smìsi 30g popílku + 20 g èásteènì žíhaného
kaolinu (v produktu žíhání bylo zjištìno cca 30%
pùvodního obsahu kaolinitu). Alkalická aktivace tohoto
systému byla provedena 31g 10M roztoku NaOH. Ze smìsi 
byly vytvarovány kostièky (2x2x2 cm), které byly
temperovaly pøi 80°C po dobu 5 hodin nejdøíve zabalené
ve folii a 5 hodin uloženy volnì v sušárnì pøi téže teplotì.
Kostièky byly po dobu 1 týdne uloženy v exsikátoru a poté
byly podrobeny hydrotermální aktivaci v autoklávech pøi
izotermách 100, 140 a 180°C po dobu 24 hodin
v bezvodém prostøedí a v pøídavku 10 ml H2O. Pøi stejných
teplotách byly provedeny experimenty v autoklávech
s expozicí 168 hodin v prostøedí H2O. Ihned po vyjmutí
z autoklávù byly kostièky podrobeny mìøení pevnosti
v tlaku. Z každé øady experimentù rezultovalo 11 výsledkù
pevnostních mìøení (9 autoklávovaných kompozitù a 2
z normálního zrání po 7 a 90 dnech). Korelace dosažených

pevností byla provádìna na základì kvantitativního
parametru vycházející z rtg. práškové difrakce
charakterizující vznik sekundárních složek (pøedevším
zeolitù) a úbytku zdrojových složek – køemene a mulitu
v kompozitech. Nìkteré produkty byly rovnìž podrobeny
analýze MAS NMR.

Dosažené pevnosti v tlaku kompozitù nekorespondují
s teplotními a èasovými expozicemi hydrotermálního
pùsobení. V silnì alkalickém prostøedí dochází k aktivaci
systému rozpouštìním amorfních a krystalických složek (v
pøípadì popílku køemene a pøi vyšších teplotách rovnìž
mulitu). Kompozity pøipravené pouze z popílku pøi
alkalické aktivaci dosahovaly pevností maximálnì do 10
MPa. Vyšší pevnosti pøi srovnatelných podmínkách
pøípravy a teplotního zpracování byly zjištìny v systému
metakaolin - popílek - NaOH a nejvyšší (až 27MPa)
v systému metakaolin (ka olin) - popílek – NaOH. Pevnosti
v tlaku kompozitù se zvyšují s rostoucím obsahem
zeolitových fází. Závislosti nejsou nikterak ostré, protože
se pevnosti mohou lišit u stejnì pøipravených kompozitù o
jednotky MPa. Trendy jsou však zøejmé (viz Obr.1). Se
vzrùstajícím obsahem zeolitových fází se rovnìž zvyšuje
odolnost vùèi tlaku. Urèitou výjimkou jsou experimenty
systému metakaolin – popílek – NaOH, kdy došlo
k rozsáhlé rekrystalizaci materiálu provázené snížením
pev nosti neodpovídající naznaèenému trendu. Tuto
závislost je možno korelovat vymizením charak teris -
tických reflexí mulitu z rentgenového záznamu a výrazným 
vzrùstem intenzit zeolitových minerálù (konkrétnì
analcimu).

Vývoj pevností je pøedevším ovlivnìn pøítomností
amorfních složek v popílku. V tomto kontextu bývají popi -
sovaný sklovité fáze èi pozùstatky metakaolínu tepel nì
nepøemìnìného do mulitické složky. Sklovité složky jsou
reaktivní a s nejvìtší pravdìpodobností vytváøí svým roz -
pou štìním gel geopolymerního typu, který má výrazný
podíl na rùstu pevnosti kompozitù podrobených normál -
nímu zrání. Se vzrùstající teplotou dochází k akceleraci
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rozpouštìní amorfních složek ale také køemene obsa -
ženého v popílku. Rozpuštìné formy SiO2 reagují
s metakaolinem za vzniku geopolymerní sítì a zároveò
dochází ke vzniku zeolitových fází v této matrici. Tato
reakèní fáze je charakterizována nárùstem mecha nických
pevností, který je možno korelovat úbytkem køemene a
snad mulitu a vrùstajícím množstvím zeo litových fází
v systému (tento úbytek je nejen dete kovatelný na rtg
záznamu, ale i na NMR spektrech obrázku 2 v oblasti
-107ppm úbytkem intenzity). Schop nost systému dodávat
zdrojové složky pro výstavbu geo polymerní sítì není
neomezená, protože dostupné formy Al se vyèerpají. NMR 
spektra (Obr.2) dokládají pøítomnost monomerních forem

SiO2 v produktu alterace popílku. Bez pøítomnosti Al ve
formì [Al(OH)4]

- není na jedné stranì možná utilizace
rozpuštìného SiO2, ale rovnìž je omezena možnost další
pøemìny geopolymerní fáze na zeolity. Rozpuštìním
posledních množství mulitu dochází sice v systému
k vzrùstu koncentrace Al, ale na druhé stranì ke snížení
pevností v dùsledku transformace gelu v zeolitové fáze
(obr.1:di a gram popílek – metakaolin – body s nejvyššími
hodnotami intenzit).

Pøechod pentagonálnì a hexagonálnì koordinovaného
Al na tetragonální je dokumentován na NMR spektrech
Obr.2. Pùvodnì rozšíøený signál popílku s maximem 56
ppm svìdèící o vazbách tetragonálních s hexagonálním a
pentagonálním Al, se postupnì zužuje tak, jak se vytváøí
geopolymerní sítì. Pentagonálnì koordinovaný Al pøetr -
vává v produktech jako mulit.

Experimentální práce provádìné v autoklávech se
vyzna èují tím, že je možno získat jen velmi málo informací
o pøechodných stádiích probíhajících bìhem hydro termál -
ního procesu. Prášková difrakèní analýza vede k základním 
informacím o produktech, ale vzhledem ke své fyzikální
podstatì nemùže vysvìtlit mechanismy jejich vzniku.
MAS NMR podává právì o tìchto procesech neocenitelné
údaje a z tohoto hlediska je dùležitou komplementární
metodou k rtg. analýze.
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Obr. 1. Závislost intenzit vybraných úsekù rtg
difrakèního práškového záznamu charakterizující
pøítomnost zeolitù  na dosažené  pevnosti kompozitù
v jednotlivých systémech.

Obr. 2. Spektra 29Si a 27Al pro vzorky A-popílek Strakonice; B – popílek + 10M NaOH po 7 denním zrání (dosažená
pevnost v tlaku 5MPa), C – popílek + 10M NaOH po hydrotermálním zpracování pøi 180°C (24h, 9MPa).
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Calix[4]arenes are a fas ci nat ing class of macrocyclic com -
pounds, which has re cently at tracted a lot of at ten tion be -
cause of their po ten tial wide use in many ar eas of re search
and in dus try. Hav ing started in the 19th cen tury by re ac -
tions of phe nol and al de hydes per formed by Adolph von
Baeyer; and con tin ued by a con sid er able ef fort of Da vid C.
Gutsche in the 1970s, the chem is try of calixarenes has de -
vel oped into a wide and well-ex plored area [1]. Calix[4] 
arenes have been used prin ci pally as spac ers bear ing func -
tional groups in a well-de fined ar range ment, al low ing their
de sired co op er a tion [2].

The uti li za tion of calixarenes as mo lec u lar plat forms
pos sesses a few ad van tages. First, the syn the sis of these
macrocycles can be eas ily ac com plished by a well-known
pro ce dure in good yields. The size of the macrocycle can be 
suc cess fully con trolled by the re ac tion con di tions [3]. The
start ing ma te ri als (p-tert.butylphenol and form al de hyde)
are in ex pen sive and com mon. Calix[4]arenes can be eas ily
mod i fied both on their up per and lower rim [3], which al -
lows to change their chem i cal and phys i cal prop er ties as re -
quired. Fi nally, the four pos si ble con for ma tions of the
calix[4]arene macrocycle, eas ily im mo bi lized by lower-
 rim sub sti tu tion [2], are the main rea son for the ad van tage
of us ing calix[4]arenes as mo lec u lar plat forms.

Re cently, heterocalix[4]arene macrocycles have been
syn the sized. These com pounds con tain a heteroatom (S, N, 
Si) or a func tional group based on heteroatom (SO, SO2)
in stead of the meth y lene bridge, which is re spon si ble for
their greater conformational flex i bil ity [4].

The con for ma tion and sym me try of the calix[4]arene
mol e cule is im por tant for its func tion as a spacer bear ing
sub stitu ents in a de fined ar range ment, which al lows their
in ter ac tion, in ter ac tion with cat ions, an ions or neu tral mol -
e cules, co op er a tion in ion pair bind ing etc. [2, 5]. An other
im por tant fac tor is the ri gid ity or flex i bil ity of the sub stitu -
ents and of the calix[4]arene skel e ton. The ri gid ity of the
lat ter can be achieved by bridg ing the up per or lower rim of 
the calix[4]arene mol e cule, ef fec tively lock ing its move -
ments [2]. Fur ther more, the con for ma tion of the
calix[4]arene plat form can be in flu enced by the in ter ac -
tions of its hy dro pho bic cav ity or ar o matic rings with cat -

ions or neu tral mol e cules by the means of cat ion-p

in ter ac tions, p-p in ter ac tions or van der Waals in ter ac tions. 
The sub stitu ents on the up per or lower rim may also par tic i -
pate in shap ing of the calix[4]arene mol e cule. The pos si ble
in ter ac tions (be side the above men tioned ones) may in -
volve inter- or intramolecular hy dro gen bond ing, elec tro -
static in ter ac tions, do nor-ac cep tor in ter ac tions (cat ion
com plexes or Lewis acid-base pair ing) and steri cal hin -
drance. In con clu sion, the fi nal shape of the calix[4]arene
plat form re sults from the com bi na tion of all these ef fects.

To elu ci date the in flu ence of the sub sti tu tion on the up -
per and lower rim of the calix[4]arene and inter- or

intramolecular in ter ac tions on the con for ma tion of the
calix[4]arene mol e cule, we de cided for the Cam bridge
Struc tural Da ta base [6] as the larg est source of in for ma tion
(about 1,500 calix[4]arene struc tures). The con for ma tion
of the calix[4]arene mol e cules and inter- or intramolecular
in ter ac tions of these com pounds can be eas ily de ter mined
from the crys tal struc ture data. Nev er the less, this in for ma -
tion might not fully cor re spond to the conformational be -
hav ior of the calix[4]arene mol e cules in so lu tion.

To de scribe the con for ma tion of the calix[4]arene skel -
e ton, a va ri ety of geo met ri cal pa ram e ters can be cal cu lated
(e.g. the dis tances be tween the ox y gen or car bon at oms on
the lower or up per rim, the an gles of the planes of the
phenyl rings etc.). We have de cided to de scribe the
calix[4]arene con for ma tion by the de fin ing of a ref er ence
plane to which the an gles of the four phenyl rings are re -
lated. The most con ve nient ref er ence plane ap pears to be
the plane of the four meth y lene bridg ing groups (for the
vast ma jor ity of struc tures, the de vi a tion of the meth y lene
car bon at oms from this plane is be low 0.01 nm). The an gles 

of the phenyl rings (ai, i = 1-4) are cal cu lated in the scale

0-360° (see Fig. I).
Next step in the de scrip tion of the calix[4]arene con for -

ma tions is the def i ni tion of geo met ri cal pa ram e ters a, b, d
ac cord ing to (1).

                               

a a a a a

b a a a a

d a a a

= + + +

= + - +

= - + -

025 1 2 3 4

1 3 2 4

1 3 2

. ( )

| | | |

| | | a 4 |

                     (1)

The pa ram e ter a is the av er age value of the phenyl ring an -

gles a1 - a4 (num ber ing re flects the or der of the phenyl

rings in the calix[4]arene mol e cule, e.g. a1, a2 cor re sponds

to ad ja cent rings, a1, a3 to op po site rings etc.). The pa ram -

e ter b re flects the dis tor tion of the calix[4]arene mol e cule
to wards C2v sym me try (for calix[4]arenes in the cone con -

for ma tion). Fi nally, d re flects the dis tor tion to wards Cs

sym me try (again, for calix[4]arenes in the cone con for ma -
tion). Fur ther ex am ples of the de pend ence of the pa ram e -

ters a, b, d on the calix[4]arene con for ma tion are de picted
in Fig. II (the schemes show slices through the
calix[4]arene op po site rings and usual an gles).
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Fig. I. The def i ni tion of the phenyl ring an gles ai.
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The pa ram e ters a, b, d re flect the con for ma tion of the

calix[4]arene mol e cules (see Fig. II). For ex am ple, all

calix[4]arenes in the cone con for ma tion have a < 90º and

the val ues of b, d re flect their dis tor tion to wards C2v, Cs or

C1 sym me try (the lat ter for both b, d sig nif i cantly dif fer ent

from zero). The de pend ence of the b, d val ues is shown on
the group of heterocalix[4]arenes in Fig. III. 

The de pend ence of the pa ram e ters b, d on the sym me try 
of the calix[4]arene is shown on the ex am ple of
non-complexed calix[4]arenes in the cone con for ma tion
sym met ri cally tetrasubstituted on the up per and lower rim
(Fig. IV).

The de for ma tion of the sym met ri cally tetrasubstituted
cone-calix[4]arene mol e cules to wards C2v, Cs or C1 sym -

me try is caused by the above-men tioned types of in ter ac -

tions, prin ci pally cat ion complexation, p-p stack ing, hy -
dro gen bond ing and steri cal hin drance. Some ex am ples are
given on Fig. V.

The de pend ence of the calix[4]arene sym me try on
chang ing the sub sti tu tion pat tern of the up per or lower rim
can be also con sid ered. Nev er the less, the de pend ence is
com plex and re sults from the com bi na tion of steri cal and
elec tronic ef fects. Our fur ther at tempts on this field are in
progress.

Due to the large amount of CSD data and lim ited space
in this ab stract, only a few ex am ples of the in flu ence of the
in ter ac tions on the shape of the calix[4]arene mol e cule are
pre sented.

a = 60°, b = d = 0°

Calix[4]arene C4v

a1 = a2 = a3 = a4 = 60°

a3a1

a4

Calix[4]arene 1,3 - alternate.

a2

a1 = a3 = 90°, a2 = a4 = 270°
a = 180°, b = 360°, d = 0°

a2
a4a1

a3

a = 60°, b = 120°, d = 0°
a1 = a3 = 90°, a2 = a4 = 30°

Calix[4]arene C2v

a = 60°, b = 0°, d = 60°

a1 = a3 = 60°, a2 = 90°, a4 = 30°

Calix[4]arene Cs

a = 180°, b = 0°, d = 360°
a1 = a2 = 90°, a3 = a4 = 270°

Calix[4]arene 1,2 - alternate.

a = 120°, b = 240°, d = 180°
a1 = a3 = 60°, a2 = 90°, a4 = 270°

a1 a4a3 a2

Calix[4]arene partial cone.Calix[4]arene cone.

a3a1 a4a2

a3a1 a4a2

a3a1 a4
a2

Fig. II : Pa ram e ters a, b, d in de pend ence on the calix[4]arene con for ma tion and sym me try.
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Fig. III. The dis tri bu tion of the b, d val ues in the group of hetero -
calix[4]arenes from [6].
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The new un named nickel antimonide tel lu ride Ni2SbTe2

was found as 6 mm grain by Vavøín and Frýda [1] at the
Kunratice Cu-Ni de posit (North Bo he mia). This ter nary
phase is in a close as so ci a tion with melonite (NiTe2); this
as sem bly is in cluded in pyrrhotite (Fe1-xS). In or der to de -
ter mine the crys tal struc ture of this phase (from the syn -
thetic an a logue) and to fur ther ex plore the Ni-Sb-Te phase
di a gram, the crys tal log ra phy of this ter nary sys tem was in -
ves ti gated. The phases were pre pared us ing the sil ica glass
tube method. Our ex per i ments were per formed in the Ex -
per i men tal lab o ra tory of Czech Geo log i cal Sur vey. High-
 pu rity el e ments – tel lu rium (99.999 %), an ti mony (99.99
%) and nickel (99.995 %) were used as start ing ma te ri als.
Be fore be ing used for syn the ses, nickel was heated for 1
hour in a stream of H2 at 800 °C. Care fully weighted sam -
ples were loaded into the high pu rity sil ica tubes and tightly 
fit ting sil ica rods were placed on the top of the re agents in
or der to re duce the vapour vol ume dur ing heat ing. The sil -
ica tubes with the charge were sealed un der vac uum and

then heated in the hor i zon tal fur naces in which the
tem per a ture was con trolled elec tron i cally. The max i mum
tem per a ture vari a tion did not ex ceed 4 °C. The sam ples
were heated at 400°C or at 800°C for three weeks. The ex -
per i ments were ter mi nated ei ther by quench ing in a cold
bath or by slow con trolled cool ing to room tem per a ture.

The crys tal struc ture of the new phase Ni2SbTe2 pre -
pared at 800°C (ex per i ment ter mi nated by quench ing), de -
ter mined from X-ray sin gle dif frac tion data, is hex ag o nal,
NiAs type, with lat tice pa ram e ters: a = 3.9108(2), c =
5.2489(3) C, space group P63/mmc (no. 194). The an ti -
mony and tel lu rium oc cupy the crys tal lo graphic po si tion
2c; the po si tion 2a is oc cu pied by nickel at oms (Fig. 1) 

The crys tal struc ture of Ni2SbTe2 pre pared at 400 °C
(ex per i ment ter mi nated by slow con trolled cool ing to room 
tem per a ture within in ter val 22 hours), orig i nally de scribed
by [2], re fined from sin gle X-ray dif frac tion data, is hex ag -
o nal with lat tice pa ram e ters  a = 3.9110(2), c = 15.696(1)
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Fig. V. Ex am ples of de for ma tion of the calix[4]arene mol e -
cule to wards C2v and Cs sym me try (atom col ors : black C,
red O, blue N, green P, yel low W) [6].



C, space group P63/mmc (no. 194). The an ti mony and tel -
lu rium at oms oc cupy dif fer ent crys tal lo graphic po si tions,
an ti mony 2c and tel lu rium 4f. (Fig. 2). The crys tal struc ture 
can be de scribed as “hy brid” of NiSb and NiTe2 with an
elon gated c-axis. In NiSb struc ture, the close packed an ion
lay ers are all Sb with ABAB stack ing and all oc ta he dral
holes are filled with Ni. If ev ery third plane of Ni at oms is
re moved from NiSb and Sb re placed with Te in two out of
three lay ers, we can ob tain the Ni2SbTe2 struc ture (low
tem per a ture mod i fi ca tion). The atom stack ing se quence is
CABCAC (A – Ni, B – Sb, C – Te). The interlayer Te – Te
dis tance is 3.543 C. It is also to be noted that this in ter -
atomic dis tance is larger than Te2 pair-cointaining phases
(2.763 C in HfTe2 and 2.793 C in ZrTe2 ) or in el e men tary
Te (2.84 C) [3],  but shorter than the van der Waals dis tance 
4.12  C (de fault van der Waals ra dius for Te is taken from
[4]). The weak interlayer Te bond ing re sults in a lay ered
struc ture which cor re sponds to plate-like mor phol ogy of
crys tals. 

The sit u a tion in the case of crys tal struc ture of
Ni2SbTe2 pre pared at 400°C (ex per i ment ter mi nated by
quench ing) is more com pli cated.The X-ray pow der dif -
frac tion pat tern cor re sponds to the high tem per a ture phase,
nev er the less dif frac tion pro files of 201 and 110 lines are
asymetrical. This assymetry dis ap pears in the pow der pat -
tern of Ni2SbTe2 pre pared at 800 °C (ex per i ment ter mi -
nated by quench ing, Fig. 3). On the Se lected Area Elec tron
Dif frac tion (SAED) pat tern of re cip ro cal planes h0l it is

pos si ble to ob serve weak re flec tions near 1/3 and 2/3 of the
dis tance be tween the sharp strong dif frac tions. These weak 
re flec tions are sys tem at i cally shifted from 1/3 to the left
and from 2/3 to the right, i.e. closer to the sharp strong dif -
frac tion. 

In fact, there is a large num ber of com pounds that ex -
hibit Sb – Te bond ing in which Sb is for mally cationic. Ex -
am ples of such com pounds in clude K3SbTe3, TlSbTe2,
SnSb2Te4, BaSbTe3 and  NaSbTe2 [2].  In many com -
pounds the Sb and Te at oms are mixed on the same crys tal -
lo graphic site and thus are not new struc ture types. These
in clude e.g. Ni2SbTe, Mn2SbTe, Co2SbTe, FeSbTe,
Pd2SbTe and Cr2SbTe [5]. Vir tu ally, there are very few
com pounds which have Sb and Te at oms on dis tinct crys -
tal lo graphic po si tions. Ex am ples of such com pounds are
Ni7-äSbTe2, Cu9.1Sb3Te and the new com pound Ni2SbTe2.
Our re search showed that the crys tal struc ture of this phase
de pends on the tem per a ture dur ing the for ma tion.

The phase Ni2SbTe2 forms a solid so lu tion with end
mem bers hav ing a com po si tion of 42,1 % Ni, 13,0 % Sb,
44,9 % Te and 43,0 % Ni, 28,4 % Sb, 28,6 % Te (at.%) at
400ºC. The most char ac ter is tic fea ture is a small change of
the nickel con tent as well as sig nif i cant dif fer ences of the
an ti mony and tel lu rium con tent

This work was sup ported by a Grant Agency of Charles
Uni ver sity (pro ject num ber 43-203391).
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Fig. 1. Crys tal struc ture of   Ni2SbTe2  pre pared at 800°C (ex per -
i ment ter mi nated by quench ing).

Fig. 2. Crys tal struc ture of   Ni2SbTe2   pre pared  at 400°C  (ex -
per i ment  ter mi nated by slowly cool ing  to room tem per a ture).

Fig. 3. Dif frac tion pro file of 110 line of  Ni2SbTe2 pre pared 

at 400°C (above) and at  800°C, CoKa1.


