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SAXS AND WAXS STUDY OF UHMWPE AFTER IRRADIATION
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Ul tra-high mo lec u lar weight poly eth yl ene (UHMWPE) is
used in arthroplasty as a part of to tal joint re place ments
(TJR) due to its ex cel lent fric tion prop er ties. Nev er the less,
one of the main causes of TJR fail ures is the wear of
UHMWPE, which is be lieved to in duce osteolysis. In re -
cent years, wear re sis tance of UHMWPE was en hanced by
crosslinking with ion iz ing ra di a tion such as ac cel er ated

elec trons (b-ir ra di a tion) or gamma rays (g-ir ra di a tion).

In this study, both b- and g-ir ra di a tion were used to
crosslink UHMWPE. Sam ples were ir ra di ated with var i ous 
doses from 0 to 200kGy. Af ter that the spec i mens were
remelted, i.e. heated above the melt ing tem per a ture, in or -
der to de ac ti vate free rad i cals formed dur ing ir ra di a tion,
whose pres ence leads to ox i da tive deg ra da tion of ma te rial.
Sev eral remelting pro ce dures were tested and the re sults
were com pared from the point of view of ox i da tion dam age 
and macroradicals con tent.

Both ir ra di a tion and ther mal treat ment re sult in con sid -
er able changes in both mo lec u lar and supermolecular

struc ture of the poly mer, which in flu ences not only its wear 
re sis tance, but also other me chan i cal prop er ties. We fol -
lowed the struc tural changes by small- and wide-an gle
X-ray scat ter ing (SAXS and WAXS). As sup ple men tary
meth ods we used scan ning elec tron mi cros copy (SEM), in -
fra red spec tros copy (IR), elec tron para mag netic res o nance
(EPR) and sol u bil ity tests. Com bi na tion of all above men -
tioned tech niques al lowed (i) to pro pose a model of struc -
tural changes dur ing ir ra di a tion and ther mal treat ment and
(ii) to draw some con clu sions con cern ing op ti mal ther mal
treat ment of UHMWPE.

This work was sup ported by the Grant Agency of the Czech
Re pub lic (grant GACR 106/04/1118) and by the Acad emy
of Sci ences of the Czech Re pub lic (pro ject AVOZ4050913).
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STRUCTURE OF MONTMORILLONITE CO-INTERCALATED WITH
OCTADECYLAMINE AND STEARIC ACID

M. Pospíšil, P. Èapková

Department of Chemical Physics and Optics, Faculty of Mathematics and Physics, Charles University, 12116 
Prague 2, Czech Republic

One way to find new suit able pre cur sors for nano compo -
site ma te ri als based on poly mer/clay is mod i fy ing the
interlayer space of clays, es pe cially sil i cates like mont mo -
ril lo nite, with dif fer ent types of or ganic mol e cules. In this
work stearic acid and octadecylamine spe cies were used
for in ter ca la tion of Na-mont mo ril lo nite. Na-mont mo ril lo -
nite was co-in ter ca lated by two dif fer ent ways. The first
one three pow der sub stances: octadecylamine (ODA),
stearic acid (STA) and Na-mont mo ril lo nite (MMT) were
mixed with mo lar ra tio 1:1:2, care fully ho mog e nized and
heated at 80 °C for one hour. The sec ond one Na-MMT was 
firstly in ter ca lated with ODA to the stage with basal spac -
ing 33 C and sub se quently the pow der mix ture of
ODA-MMT in ter ca late and STA was heated at 80°C for
one hour. The mo lar ra tio of the in di vid ual com po nents
was the same. Stearic acid it self does not in ter ca late into
Na-mont mo ril lo nite.

Struc ture anal y sis was car ried out us ing com bi na tion of 
ex per i men tal meth ods like X-ray pow der dif frac tion and
IR spec tros copy with mo lec u lar mod el ing (force field cal -

cu la tions) in Cerius2 mod el ing en vi ron ment. Re sults of
struc ture anal y sis re vealed the chem i cal re ac tion of guest
com pounds lead ing to the for ma tion of octa decylam -
monium stearate (ODST).  This re ac tion may oc cur even
be fore the in ter ca la tion out of the interlayer space of mont -
mo ril lo nite.  The pres ence of ODST in the sam ples was
clearly con firmed by IR spec tros copy and X-ray dif frac -
tion. 

Pres ent re sult showed that both ways of co-in ter ca la -
tion leads to the sim i lar re sult. In the interlayer space of
mont mo ril lo nite the for ma tion of ODST salt is cre ated.
This struc ture of Na-mont mo ril lo nite in ter ca lated with
ODST does not cre ate a sta ble ar range ment in the
interlayer space. In ter ca lated Na-MMT ex hib its highly dis -
or dered struc ture with a max i mum basal spac ing within the
range 27-39 C. This struc ture is very un sta ble and ex po sure 
to am bi ent con di tions has two con se quences. First of all in -
ter ca late is grad u ally de com posed, that means part of
ODST es capes from the interlayer space and the sec ond
this deintercalation is ac com pa nied by the re ar range ment
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of the interlayer guest struc ture and prob a ble for ma tion of
the Na-stearate and octadecylammonium cat ions in the
interlayer space. Mo lec u lar mod el ing showed that STA has 
stron ger in ter ac tion with Na-cat ions, than with
octadecylammonium cat ions and for ma tion of Na-stearate
in the interlayer space is highly prob a ble. The for ma tion of
Na-stearate in the interlayer space is ac com pa nied with ris -
ing of octadecylammonium cat ions com pen sat ing the layer 
charge. The con se quence of these changes is the re ar range -
ment of po lar head-groups and grad ual re ar range ment of
the guest struc ture in the interlayer space. As a re sult of the
deintercalation we ob tain a mix ture of ODST salt, which
es capes from the interlayer space, and the in ter ca lated
Na-MMT, where the guests are: ODST salt, Na-stearate

and octadecylammonium cat ions. This struc ture of in ter ca -
late is char ac ter ized by pow der dif frac tion pat tern af ter 4
days in am bi ent con di tions, where one can see the small
peak at 48 C cor re spond ing to the ODST salt,  and peak at
28 C cor re spond ing to the liq uid like ar range ment of the
ODST and Na-stearate and peak at 18 C cor re spond ing to
the MMT in ter ca lated with octadecylammonium. Any way
the char ac ter of the interlayer struc ture, i.e. the monolayer
liq uid like ar range ment of the chains does not prom ise the
easy ex fo li a tion re quired for poly mer-clay nanocomposite
pre cur sor.
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SOLVATOMORFIE VYBRANÝCH PØÍRODNÍCH A SEMISYNTETICKÝCH
ERGOPEPTINÙ

B. Klepetáøová1, J.Èejka1, B. Kratochvíl1, A. Jegorov2, I. Císaøová3

1Ústav chemie pevných látek, Vysoká škola chemicko-technologická, Technická 5, Praha 6, 166 28, e-mail:
blanka.klepetarova@vscht.cz, jan.cejka@vscht.cz, bohumil.kratochvil@vscht.cz

2IVAX Pharmaceuticals a.s., Detašované pracovištì, Branišovská 31, Èeské Budìjovice,    370 05, e-mail:
alexandr_jegorov@ivax-cr.com

3Ústav anorganické chemie, Karlova Univerzita, Hlavova 8, Praha 2, 128 43, e-mail: cisarova@natur.cuni.cz

Námelové alkaloidy jsou produkty parazitické houby
palièkovice nachové - Claviceps purpurea. Jedná se o látky 
farmaceuticky aktivní. Známá je jejich neselektivní afinita

k rùzným dopaminovým, serotoninovým a  a-adreno re -
cep to rùm. Jak pøírodní, tak zejména chemicky modi fiko -
vané – semisyntetické formy námelových alkaloidù
nacházejí široké terapeutické uplatnìní v medicínì, napø.
pøi léèbì migrény, kognitivních poruch a mnoha dalších
chorob [1].

Zkoumání polymorfie a solvatomorfie farmaceuticky
aktivních látek je velmi dùležité, nebo• jednotlivé poly -
mor fy (solvatomorfy) se od sebe mohou lišit farma kokine -
tickým profilem a biodostupností.

Byly pøipraveny krystalické formy pøírodních náme lo -
vých alkaloidù ergocristinu a ergotaminu, a to ve formì
bis(benzen) soldátù. Jejich struktura byla stanovena
pomocí RTG difrakce na monokrystalu. Prostorové uspo -
øá dání a konformace molekul pøírodních námelových alka -
loidù byly porovnávány s jejich solvatomorfy nale zenými
v CSD – ergotaminem tartarátem eth a nol sol vá tem [2] a
ergocristinem aceton solvátem [3]. Provedeno bylo také
porovnání s jejich semisyntetickými deriváty. Navzdory
jejich chemické podobnosti se obì struktury liší nejen
svými møížkovými parametry, ale také velikostí a tvarem
dutin, v nichž jsou umístìny molekuly solventu.

Dále byla pøipravena øada solvatomorfù námelového
alkaloidu ergocorninu (monohydrát acetonitril solvát,
mono hydrát bis (nitromethan) solvát, bis (eth a nol) solvát,
hemi hydrát bis (i-propanol) solvát, monohydrát bis
(n-propanol) solvát a monohydrát hydrát bis (meth a nol)
solvát), jejichž struktura byla rovnìž stanovena pomocí
RTG difrakce na monokrystalu. I u tìchto molekul bylo
provedeno vzájemné porovnání prostorového uspoøádání.
Všechny solvatomorfy krystalují ve stejné prostorové
grupì, v møížkových parametrech se však navzájem liší.

Tato práce byla podpoøena v rámci výzkumného projektu
CEZ: MSM 223100002 Ministerstva školství, mládeže a
tìlovýchovy Èeské republiky a projekty È. 203/00/D095, È. 
203/02/0436 and È. 203/99/M037 Grantové agentury
Èeské republiky.
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EXSOLVED PYROXENES FROM SEDLICE ULTRAMAFITE BODY, 
EASTERN SLOVAKIA
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Py rox enes are im por tant rock-form ing min er als. They are
com mon in ultramafite bod ies, in West ern Carpathians in
Ol – Spl – Opx – Cpx as sem blage.

Typ i cal fea ture of pyroxene-group min er als is pres ence 
of sil i con tet ra he drons in the crys tal struc tures ar ranged to
so-called „pyroxene chains“, par al lel to Z co or di nate axis,
and the chains must have the c glide plane sym me try [1].
The same sym me try have two oc ta he dral chains, con tain -
ing two non-equiv a lent cat ion po si tions  des ig nated as
M(1) and M(2). There are two prin ci pal pyroxene groups:
orthorhombic (Opx) and monoclinic (Cpx). Opx be long to
the unique space group Pbca. In the class of Cpx the sit u a -
tion is more com pli cated. Ionic ra dii of cat ions in M(2) ver -
sus M(1) po si tions are de ci sive for dif fer ent space-group
sym me try. If M(2)VIII > M(1)VI, then space group C2/c

arises. Whereas M(2)VI » M(1)VI, py rox enes with P21/c
space-group oc cur. Ex treme is the case if M(2)VI < M(1)VI,
then C2 sym me try ap pears [1].

At el e vated tem per a tures all py rox enes have C2/c sym -
me try. Dur ing cool ing of rock sys tems fol low ing phase

tran si tions be come pos si ble: C2/c « Pbca, C2/c « P21/c,
orig i nally C2/c sym me try re mains un changed. The men -
tioned phase tran si tions are re al ized in solid state. As a con -
se quence of this pro cess, exsolution phe nom ena give rise,
hav ing the form of exsolution lamellae and/or gran u lar
exsolutions (fig. 1 and 2). 

Orientational re la tion ship be tween host and exsolved
phase de pends on sym me try of both phases and they can
oc cur as Pbcahost - C2/clam par al lel to (100)host, C2/chost -
P21/clam par al lel to (100)host and (001)host and  Pbcahost - 
P21/clam par al lel to (100)host. The ori en ta tions cor re spond to 
exsolution events, but at pres ent time, the real ori en ta tions
must be slightly dif fer ent from the ide al ized due to
non-equal ther mal con trac tions of both – host and exsolved 
phases. 

Not so fre quent are exsolutions of euhedrally shaped
spi nels in Opx (fig. 3, 4).

We made pre lim i nary works about these phe nom ena
us ing sam ples from the only one low serpentinised ultra -

mafic (spinel lherzolite) body near Sedlice vil lage, East ern
Slovakia. All the sam ples pic tures are taken from this lo cal -
ity.

Pet ro log i cal ex per i men tal stud ies were based on CMS
(CaO – MgO – SiO2), CMAS (CaO – MgO – Al2O3 – SiO2), 
CFMS (CaO – FeO – MgO – SiO2) sys tems. Re sults were
ob tained for Opx – Cpx, Opx – Cpx – Spl, Cpx – Ol – Spl,
Opx – Ol – Spl and Ol – Spl phase equi lib ria. 

Pre sented re sults are based on pet ro log i cal works pub -
lished in70’s and 80’s [2]. In ter pre ta tion of the fol lows:

1. crys tal li za tion of Opx from melt at 1297° C and 51 
kbar pres sure,
2. exsolution of Cpx lamellae and sub se quent     
reequilibration of Opx – Cpxlam as sem blage at 1098° C 
and 19 kbar,
3. cor ro sion of Opx by ma trix min eral phases Cpx– Ol,
4. reequilibration of Opx – Cpxma trix at 966° C 
and 11 kbar,

Fig. 1. Mi cro pho to graph of exsolution lamellae of Cpx in

Opx, crossed polars, scale bar 100 mm.

Fig. 2: Mi cro pho to graph of lamellar and gran u lar exsolutions

of Cpx in Opx, Crossed polars scale bar 100 mm.

Fig. 3: Mi cro pho to graph of exsolved spinel (view down
ap prox i mately [100]Spl)  in Opx, par al lel polars, scale bar

200 mm.
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5. reached equi lib rium of Opx – ma trix min er als at 
944° C and 11 kbar,
6. last event was equil i bra tion of Ol – Spl in solid state 
at 812° C.
Sug ges tions for fu ture work are: de tailed stud ies of

exsolution phe nom ena with TEM ex per i ments (SAED and
CBED) [3], study of real phase bound aries be tween host and 
exsolved phases. Treat ment of fluid in clu sions, and ap pli ca -
tion of re cent ex per i men tal pet ro logic works will also be
done.

The study was sup ported by grant # 1/2030/05, of the Grant
Agency of Slo vak republik (VEGA).
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Leu cite( KAlSi2O6) based ma te ri als hav ing high frac ture
tough ness and be ing use ful for mak ing ce ramic-fused-to-
metal res to ra tions [1] rep re sent a very prom is ing com pos ite
ma te rial for den tal ap pli ca tions.  For its ex ten sive use is,
how ever, nec es sary to de velop a suit able and re pro duc ible
tech nol ogy of its prep a ra tion. This can be achieved ei ther by 
the di rect hy dro ther mal syn the sis of leu cite or by the ion-ex -
change of analcime (NaAlSi2O6·H2O) as a pre cur sor. The
pur pose of this study was to in ves ti gate the syn the sis of

analcime and the ef fect of prin ci pal fac tors in flu enc ing its
crystallisation. Analcime pow ders were pre pared by hy dro -
ther mal syn the sis in a Tef lon lined stain less steel au to clave.
The role of the  com po si tion of the re ac tion mix ture (source
ma te ri als, sil ica/alu mina ra tio, OH- con cen tra tion, and wa ter 
con cen tra tion), re ac tion tem per a ture and time was studied.

 1. J. R. Kelly, Annu. Rev. Ma ter. Sci., 27, (1997), 443.
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A short pa per will be pub lished in next is sue.
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See page 85.

Fig. 4: Mi cro pho to graph of exsolved spinel (view
down ap prox i mately [110]Spl) in Opx, par al lel polars,

scale bar 200 mm.


