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Poly mer nanocomposites are mod ern ma te ri als, formed
usu ally by a ma trix of syn thetic poly mer (such as poly eth -
yl ene, PE, poly propy lene, PP, polyoxymethylene
POM…), which is filled with in or ganic nanoparticles (such 
as ox ides, me tal lic nanoparticles…). The in or ganic fill ers
may in flu ence me chan i cal, rhe o log i cal, bar rier and other
prop er ties of the fi nal nanocomposite. In this study, we fo -
cus our at ten tion on nu cle ation of poly mer ma trix crys tal li -
za tion: some nanoparticles act as nu cle at ing agents, which
means that the poly mer spheru lites start to grow on their
sur face. The nu cle ation ef fect im pacts on the super -
molecular struc ture of poly mer ma trix (spherulite size,
over all crystalinity…) and on the crystallinity-re lated me -
chan i cal prop er ties (modulus, yield strength…).

In this work, we in tro duce the im prove ments in our re -
cently de vel oped sand wich method [1, 2]. We also sum ma -
rize the re sults achieved for PE, PP and POM sand wich
nanocomposites. The sand wich nanocomposites con sist of
thin (ca 100 mi crom e ters) poly mer plates, be tween which a 
thin ho mo ge neous layer of nanoparticles is de pos ited (Fig.
1a). The nu cle at ing ac tiv ity of the nanoparticles can be
stud ied by a num ber of meth ods, such as po lar ized-light
mi cros copy (PLM; Fig. 1b), dif fer en tial scan ning cal o rim -
e try (DSC) and two-di men sional wide an gle X-ray scat ter -
ing (2D-WAXS; Fig. 1c). By means of model sand wich
nanocomposites PP/Au and PP/TiX, where Au stands for
sev eral types of gold nanoparticles with dif fer ent
morphologies and TiX stands for var i ous TiO2-based
nanoparticles we proved that the nu cle ation ac tiv ity is con -
nected not only with the size, but also with the mor phol ogy

and the ag glom er a tion of the filler. The im pact of filler
mor phol ogy on its nu cle ation ac tiv ity was ob served also in
PE/Au, PE/TiX, POM/Au and POM/TiX nanocomposites.

The sand wich method ex hib its sev eral ad van tages as
far as the study of nu cle at ing ac tiv ity of mi cro- and/or
nanoparticles in poly mer nanocomposites is con cerned: (i)
The sand wich nanocomposites are small mi cro scopic sam -
ples and, con se quently, they are suit able for test ing of
small amounts of spe cial nanocucleants. (ii) The prep a ra -
tion of sand wich nanocoposites, if per formed care fully, is
highly re pro duc ible. (iii) The nanoparticles in sand wich
nanocomposites do not suf fer from ag glom er a tion, which
usu ally leads to not-very-well re pro duc ible re sults in case
of bulk-pre pared nanocomposites. (iv) The com bi na tion of
mi cro scopic (PLM), ther mal (DSC) and scat ter ing
(2D-WAXS) meth ods for char ac ter iza tion of crys tal struc -
ture of poly mer ma trix in sand wich nanocomposites yields
de tailed in sight into the nu cle ation ac tiv ity of the stud ied
nanoparticles.
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Fig ure 1. Prin ci ple of sand wich method: (a) Scheme of the sand wich nanocomposite. (b) PLM mi cro graph of the cross-sec tion of
PP/TiNT (where TiNT = ti ta nium nanotubes) sand wich nanocoposite show ing the PP spheru lites grow ing from the cen tral TiNT layer.
(c) 2D-WAXS dif frac tion pat tern of a sand wich nanocomposite, re corded with the beam go ing through the sand wich along the
nanoparticle layer; the ani so tropy in poly mer crys tal li za tion due to nu cle ated crys tal li za tion dem on strates it self in the ani so tropy of dif -
frac tion in ten si ties.
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Within the re search of phase re la tions of the Pd-Hg-Se and
Ag-Pd-Se sys tems, two new ter nary phases Pd5HgSe and
(Ag,Pd)22Se6 were dis cov ered. Sev eral phases from these
sys tems are known as min er als or as poorly char ac ter ized
nat u rally oc cur ring phases. Pd5HgSe and (Ag,Pd)22Se6

phases have not yet been de scribed as min er als. How ever
they can be ex pected to be found in na ture, prob a ble in as -
so ci a tion with pal la dium selenides or an other plat i -
num-group min er als.    

Both phases were syn the sized from el e ments by con -
ven tional solid-state re ac tions. Stoichiometric amounts of
in di vid ual el e ments were sealed in sil ica glass tubes and re -
sul tant mix tures were heated at se lected tem per a tures.
Sam ples with Pd5HgSe and (Ag,Pd)22Se6 were heated at
400 °C. Af ter long-term an neal ing, the sam ples were
quenched in a cold-wa ter bath. All at tempts to pre pare sin -
gle crys tals suit able for sin gle-crys tal ex am i na tions failed;
con se quently the crys tal struc tures of Pd5HgSe and
(Ag,Pd)22Se6 were de ter mined from pow der X-ray dif frac -
tion data. The Rietveld re fine ments were per formed width
the FullProf pro gram.

 Pd5HgSe: Space group P4/mmm, a = 4.01 C, c = 7.04
C, V = 113 C3 and Z = 1. The crys tal struc ture of this com -
pound is com posed of al ter nat ing lay ers of the AuCu3-type
[HgPd12] cuboctahedra and the PtHg2-type [SePd8] rect an -
gu lar prism. These rect an gu lar prisms share the four Pd-Pd

edges run ning par al lel to c di rec tion, with four ad ja cent
rect an gu lar prisms form ing a layer par al lel to (001) plane.
The lay ers of [SePd8] rect an gu lar prism and [HgPd12]
cuboctahedra are con nected by the com mon edges formed
by the Pd at oms. This phase rep re sents the struc tural
antitype to the HoCoGa5 struc ture type [1]. 

(Ag,Pd)22Se6: Space group Fm3m, a = 12.31 C, V =
1868 C3 and Z = 4. This struc ture can be viewed as a
3a.3a.3a su per struc ture of cu bic Pd (a = 3.89 C), where
only 4 from 108 oc ta he dral holes are oc cu pied. The Ag and
Pd at oms are ex pected to sub sti tute each other and form
mixed sites. The main struc tural build ing unit are the 
[Pd/Ag]12 cuboctahedra and [Pd/Ag]8 cubes, which al ter -
nate in the NaCl fash ion. Both poly he dra are cen tred by
(Pd/Ag) at oms. The (Ag,Pd)22Se6 crys tal struc ture shows
close struc tural re la tion to the Cr23C6 and Mn23Th6 type
struc tures, nev er the less it rep re sents a dis tinct struc tural
type.    

1.    F. Laufek, A. Vymazalová, M. Drábek, J. Navrátil, T.
Plecháèek, J. Drahokoupil, S. State Chem is try, (sub -
mit ted) (2012).

Fig ure 1. (a)  Poly he dral rep re sen ta tion of Pd5HgSe struc ture em pha siz ing the [HgPd12] cuboctahedra and [SePd8] rect an gu lar prisms.
Unit cell edges are high lighted. (b) Schematical view of the (Ag,Pd)22Se6 crys tal struc ture show ing the [Pd/Ag]12 cuboctahedra and
[Pd/Ag]8 cubes. 
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Abs tract

Sin gle crys tals of stoichiometric Ni2MnGa were stud ied
us ing the X-ray pow der diffractometer. The crys tal at room 
tem per a ture is in cu bic state called aus ten ite. Dif frac tion
spec tra of quenched and an nealed states of the aus ten ite
were com pared. The ex tinc tion of 200 lines of the dif frac -
tion spec trum was ob served in the quenched sam ple. The
ex tinc tion is likely caused by a dis or dered struc ture.

Úvod

Nedávno bylo objeveno, že nìkteré slitiny typu Ni-Mn-Ga
vykazují obøí deformaci v magnetickém poli [1]. Tento
nový jev, fundamentálnì odlišný od magnetostrikce, se
nazývá jev magnetické tvarové pamìti. Obøí deformace je
výsledkem reorientace nekubické atomové møížky, ke
které dochází pohybem hranic dvojèatìní v magnetickém
poli [1-2]. Slitiny Ni-Mn-Ga vykazují i další zajímavé
fyzikální jevy jako je magnetokalorický a elastokalorický
jev a tvarová pamì• [3]. Proto jsou tyto slitiny v souèasné
dobì intensivnì studovány. Ni-Mn-Ga patøí do rodiny
Heuslerových slitin, které vykazují atomové uspoøádání na
dlouhou vzdálenost. Oèekává se, že uspoøádání má vliv na
martensitickou transformaci z vysokoteplotní kubické fáze
zvané austenit na fázi s nižší symetrií zvanou martensit.
V práci jsme studovali vliv žíhání a rychlosti chlazení na
atomové uspoøádání v austenitu.  

Krys ta lo gra fic ká struk tu ra

Pøedmìtem studia byl monokrystal Ni50Mn25 Ga25 (at.%)
od firmy AdaptMat Ltd. Pøi daném složení má NiMnGa za
pokojové teploty kubickou møíž s prostorovou grupou

Fm3m a møížkovými parametry a = 5,832 nm a a = 90°. Pøi
teplotách nad 1100 K jsou atomy Mn a Ga náhodnì
uspoøádány v základní buòce (uspoøádání B2´), zatímco pøi 
pokojové teplotì se usazují na pozicích s frakèními
souøadnicemi Ga: 0 0 0; Mn: 0,5 0,5 0,5; Ni: 0,25 0,25 0,25
a 0,75 0,75 0,75 [4-5]. Základní buòka je znázornìna na
obrázku 1. 

Ex pe ri mentální èást

RTG mìøení probìhlo na horizontálním práškovém difrak -
tometru X’Pert PRO PANalytical. Zdrojem záøení byla

kobaltová anoda (l = 1.78901 C) s bodovým ohniskem.
Ozáøený objem byl vymezen monokapilárou s vnitøním
polomìrem 0,1 mm. Vzorek byl upevnìn na texturní
nástavec ATC-3, který umožòuje rotaci, náklon a posuv
vzorku ve smìru osy x. Souèasný pohyb zdroje a detektoru

umožòuje jemnou a pøesnou zmìnu úhlu (w) dopadajícího
záøení. Nejdøíve byl vzorek zorientován ve smìru labo ra -

tor ního systému. Provedli jsme nìkolik w-skenù pro rùzné

úhly y, dokud jsme nenalezli orientaci max i mum silné
difrakce (400). Linie (400) je fundamentální a proto
nezávisí na stupni uspoøádání. Poté bylo promìøeno celé
spektrum. 

Vý sled ky a dis ku se

Byly mìøeny dva monokrystalické vzorky: jeden po žíhání
a chlazení v peci a druhý v zakaleném stavu. Na obrázku 2

vidí me jejich difrakèní záznam (q-q sken) pro orientaci
vzorkù vzorku ve smìru [100]. 

Z obrázku je patrné úplné vyhasínání linie (200) kale -
ného vzorku. Linie (200) je superstrukturní linie pøísluš ná
uspoøádáni L21. Vyhasínání je proto možné inter pretovat
jako neuspoøádanost kalené struktury. Dále jsme hledali
pøítomnost další superstrukturní linie (111). V presentace
budeme diskutovat i jiné možné interpretace vyhasínaní
reflexí. 

Po dì ko vá ní

Práce je podporována grantem GAÈR No. P107/11/0391.
Autoøi by také rádi podìkovali Viktorovi Goliášovi za
pomoc.

Obrázek 1. Základní buòka uspoøádaného kubického austenitu
Ni2MnGa.
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Quasicrystals are stud ied for their pos si bil i ties of prac ti cal
ap pli ca tions. The most in ter est ing are prop er ties such as
low fric tion co ef fi cient, high hard ness, wear re sis tance,
and ox i da tion; and low elec tri cal and ther mal con duc tiv ity
[1]. This ef fi ciency is lim ited by high brit tle ness and low
deformability at the room tem per a ture. These draw backs
are de creased in ap pli ca tions us ing quasicrystaline ma te ri -
als like com pos ite or coat ing ma te rial. Quasicrystaline ma -
te ri als based on Al-Cu-Fe are be com ing the most
re searched ma te ri als in this field.

This study de ter mined the struc ture of quasicrystaline
pow der based on Al-Cr-Fe. The same ma te rial will be ap -

plied on the coat ing of Al-al loy sur face by means cold
plasma spray coat ing or ther mal spray ing [2]. 

The X-ray difraction phase anal y sis of the pow der ex -
hib ited the pres ence of ma jor ity of hex ag o nal

Al49.74Cr21.41Fe5.35, and rest of a-Fe and Al5Fe2 phases. 
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Obrázek 2. Žíhaný vzorek (tmavá èára) a vzorek v zakaleném stavu (svìtlá èára).


