&

Materials Structure, vol. 18, no. 2 (2011)

107

STRUKTURA 2011

Turnov, 20. 6. - 23. 6., 2011

Lectures - Session I, Monday, June 20

L1
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Metallic nanoparticles combine large surface/volume ratio
with specific chemical, electronic and optical properties.
We describe preparation and characterization of gold, sil-
ver and palladium nanoparticles with tunable sizes and/or
shapes. It is demonstrated how the nanoparticles are em-
ployed in two different fields of research: (a) multiple
immunolabeling in biology and (b) nucleation of poly-
propylene crystallization in polymer science.

In our previous studies, we described numerous
nanoparticle syntheses, such as preparation of isometric Au
nanoparticles with tunable size within range 4-200 nm [1,
2], isometric Ag nanoparticles [3], isometric Pd
nanoparticles with tunable size 3—16 nm [3, 4], isometric
core-shell (Ag)Au nanoparticles [5], Pd nanocubes [3] and
Aunanorods [6]. The nanoparticles were usually character-
ized microscopic, spectroscopic and diffraction methods.
Transmission electron microscopy (TEM) bright field im-
ages of selected metallic nanoparticles are given in Fig. 1.

structure, size, stability, and nucleation effects of the
prepared nanoparticles. Selected area electron diffraction

(SAED) and apertureless electron diffraction (ED) verified
the structure of synthesized nanoparticles [3]. Quasi-elastic
light scattering (QELS) and small-angle X-ray scattering
(SAXS) proved the stability of nanoparticle colloidal solu-
tions, which are used during multiple immunolabeling
[1-4]. Two-dimensional wide-angle X-ray scattering
(2D-WAXS) was employed in quantification of Au-nucle-
ated crystallization of isotactic polypropylene [7-9].
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Figure 1. TEM micrographs showing (a) Ag isometric nanoparticles, (b) Pd nanocubes and (c) Au nanorods; the particles were depos-

ited on an electron-transparent carbon film before observation.
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Some composites of Fe, Ti, V, and Zr 3d metals are well
known for hydrogen storage ability. We prepared the mate-
rials by solid state reaction by mixing and dry milling
method. The samples were consequently homogenized by
high treatment in various surroundings atmospheres and in
the pure vacuum. We were able to prepare intermetallic
compounds TiFe, Zr,Fe and hydrides ZrH,, VH, . These
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acceptable phases had impurities - Fe, Fe,Zr, Ti,Fe and ox-
ides (ZrO,, FeO, Fe,03, Fe;04, V5,03, V,0, TiO and T1,0).
The dry milling method was used for preparing VFe, Zr,Fe
and Zr;Fe intermetallic compounds.

extended contribution submitted

Fe,03/SiO, NANOCOMPOSITE — SHAPE OF THE ¢-Fe,O; NANOCRYSTALS

P. Brazda', M. Klementova' and D. Niziiansky?

"Institute of Inorganic Chemistry of the AS CR, v.v.i., 250 68 Husinec-Rez 1001, Czech Republic
2Dept. Inorg. Chem., Faculty of Science, Charles University in Prague, Hlavova 8,
12843 Prague 2, Czech Republic
brazda@iic.cas.cz

The first article dealing with the e-Fe,O; was published in
1934 [1]. However, its crystal structure described in the
orthorhombic Pra2; was published in 1998 [2]. The struc-
ture of epsilon phase is characterized by the closest packing
of the oxygen anions with ABAC stacking. The stacking
planes are parallel to (001). The iron cations occupy four
different sites. Three of them have octahedral and the last
one has tetrahedral coordination polyhedron. The values of
the lattice constants are ¢ = 5.091 A, b=8.784 A and ¢ =
9.472 A. After a discovery of its giant 2 T room tempera-
ture coercivity in 2005 [3] the epsilon phase attracted more
attention as these properties predestinates it as a promising

material for magnetic recording and information storage.
Moreover, in 2009 Namai et al. used this phase as a
high-performance millimeter electromagnetic wave ab-
sorber, which opens a possibility of the applications of this
material in high-speed wireless communication devices
[4].

Nanocomposites were prepared by a sol-gel process us-
ing complex molecule of ferric cation and organic mole-
cule H,L bearing two trimethoxysilyl groups (H,L =
bis-[3-(trimethoxysilyl)propylamide] of ethylenediamin-
etetraacetic acid). After hydrolysis and condensation of
Si-OMe groups followed by drying, the xerogels obtained
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Figure 1. Comparison of modeled anisotropic crystal shape (left) with crystals
viewed along the corresponding directions in the HR-TEM images (right) of the sam-

ple annealed at 1100 °C.

were annealed at final temperatures between 900 and
1100 °C, thus obtaining nanocomposites with 40% weight
concentration of iron oxide [5]. The SiO, matrix was re-
moved by reacting the nanocomposite with 5 M NaOH at
80 °C for three days. The nanocrystals were then washed
several times by distilled water and collected by
centrifugation. The transmission electron microscopy
(TEM) measurements were conducted using a JEOL
JEM-3010, while the X-ray diffraction (XRD) data were
collected using a PANalytical X Pert Pro with Cu K,, radia-
tion (A = 1.5418 A) at room temperature with the 20 range
between 10° and 110°. Rietveld analyses were performed
by the Fullprof program [6]. As a profile function was used
Thompson-Cox-Hastings pseudo-Voigt function. For a
modeling of the anisotropic shape of the crystallites were
used spherical harmonics.

The epsilon phase is stable only in a restricted size
range between approximately 10 to 100 nm. It crystallizes
in the Fe,05/Si0, system from maghemite and transforms
to thermodynamically stable hematite under prolonged
heat treatment. The shape of the epsilon phase crystals de-
pends on the size of the crystals. The particles obtained at
1100 °C adopt a disc-like shape flattened in ¢ direction with
similar diameters in « and b directions and they are in al-
most all cases single crystals. The largest crystal faces are
(001) and (110) as deduced from the HR-TEM images.
These results are in an agreement with XRD data fitting
(Figure 1). Table 1 summarizes the volume weighted diam-
eters in the [100], [010] and [001] of the coherently dif-
fracting domains of the epsilon phase. The fastest growth
of the crystals in the temperature range between 900 °C and
1100 °C is in the [001] followed by the [100]. The smallest
growth is in the [010]. It is important to note that the viscos-
ity of the silica matrix significantly increases at about
1000 °C. Under this temperature the growth of the particles
is much slower. To understand this anisotropic growth of

Figure 2. HR-TEM image of a maghemite par-
ticle observed along (211) direction.

the epsilon crystals it is necessary to under-
stand the basics of the epsilon transforma-
tion from maghemite.

Maghemite has a spinel structure,
which is described in the cubic space group
Fd3m. The stacking of the oxygen anion
layers is along {111). The maghemite particles with the size
close to 10 nm are flattened in one of the (111) directions
(Figure 2). Some particles contain domains of both
maghemite and epsilon. The contact plane of these phases
was found to be (111),/[001].. Evaluation of the FFTs of
the HR-TEM images showed that there is a fixed structural
orientation relationship between these two phases ( (110)y
is parallel to [010]; and (211)y, is parallel to [100], Figure
3). This orientation relationship is the same as that found by
Ding et al. for magnetite and epsilon [7]. Interestingly, the
nanowires of magnetite described in this work transformed
in the epsilon phase only in case when the nanowires grew
along one of the n of magnetite (which is the same direction
as the (110) of maghemite), which could explain why is the
largest diameter of the smallest epsilon particles is in the
[010].

In conclusion the transformation of maghemite to epsi-
lon is probably much faster within a cationic layer than in

Figure 3. HR-TEM image of a particle containing both
maghemite and epsilon. Arrow points in [111]y and [001],. Per-
pendicular to this direction is (110),//[010]..

© Krystalograficka spolecnost



110 Struktura 2011 - Lectures

&

Materials Structure, vol. 18, no. 2 (2011)

the direction perpendicular to the atom stacking as evi-
denced by the different growing rate of the epsilon phase in
the a, b and ¢ directions.
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Table 1. Volume weighted diameters on -Fe,O5 as a function of
the annealing temperature.

Temperature [100] [010] [001]
(°0) (nm) (nm) (nm)
900 6(1) 11(1) 3(1)
950 10(1) 10(1) 5(1)
1050 28(2) 24(2) 17(2)
1100 4103) 40(3) 27(3)

7. Y. Ding, J. R. Morber, R. L. Snyder & Z. L., Wang Adv.
Funct. Mater., 17 (2007) 1172-1178.

VYUZITI VYSOKOTEPLOTNI RTG DIFRAKCE PRO PRIPRAVU A CHARAKTERIZACI
KOMPOZITNICH (NANO)MATERIALU OBSAHUJICICH NANOCASTICE
ELEMENTARNIHO ZELEZA
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Vyznamna ¢ast nanomateridlového vyzkumu je v soucasné
dobé zaméfena na zji§ ovani optimalnich podminek
pripravy kompozitnich (nano)materialtt s nejriznéjsimi
fyzikalné-chemickymi vlastnostmi, jejich komplexni cha-
rakterizaci a testovani jejich vyuzitelnosti v nejriznéjSich
oblastech lidské ¢innosti. Vyznam kompozitnich (nano)
materiali spociva zejména v moznosti efektivné kombi-
novat specifické vlastnosti dvou a vice odlisnych (nano)
materidli v jednom celku. Vysledny kompozitni (nano)
material vykazuje vlastnosti, které by nebylo mozné ziskat
za pouziti jednotlivych (nano)materialti.

Vysokoteplotni RTG praskova difrakce piedstavuje
jednu ze stézejnich metod pouzivanych pfi studiu a
laboratorni  pfipravé kompozitnich (nano)material
reakcemi v pevné fazi a reakcemi typu pevna faze - plyn, a
to zvlasté diky jedine¢né moznosti in-situ monitorovat
prabéhy danych reakci a zaroven sledovat dalsi kritické
parametry kompozitnich (nano)materialtt (pfedevsim
sttedni velikosti koherentnich domén a kvantitativni
zastoupeni jednotlivych fazi). V prezentované praci byla
pouzita vysokoteplotni reakéni komirka XRK900 (Anton
Paar, GmbH) s pracovnim rozsahem teplot RT az 900 °C a
tlakem plynti 1 mbar az 10 bar (inertni, oxidaéni, redukéni
a nejriznéjsi reakéni plyny a rizné relativni vlhkosti

vzduchu) nainstalovana na praskovém difraktometru
X'Pert PRO MPD (PANalytical).

Charakter a vyuziti kompozitnich (nano)materiald
obsahujicich nanocastice elementarniho zeleza (nano-
particles of zero-valent iron - nZVI) pfipravovanych
v laboratofich Regionalniho centra pokrocilych techno-
logii a materialt (PfF UP Olomouc) je v principu dvoji:
nanocastice elementarniho zeleza (<20 nm az ~100 nm)
jsou vyuzity jako magneticky nosi¢ pro jinak nemag-
netické materialy s vybornymi sorpcnimi vlastnostmi, nebo
je v ramci kompozitniho (nano)materidlu vyuzito jejich
reduktivniho ucinku, popt. mize byt vyuzito obou téchto
vlastnosti. Aplika¢né jsou velmi dilezité kompozitni
(nano)materialy typu zeolit-nZVI, jilovy mineral-nZVI a
uhlik-nZVI. Zabudovanim nZVI do silikatové (zeolity,
jilové mineraly) ¢i uhlikové matrice vznikne magneticky
kompozitni  (nano)materidl  vhodné  aplikovatelny
napiiklad pro sorpéni odstranovani tézkych kova ¢i
organickych latek z vodnych prostfedi s moznosti jejich
nasledné magnetické separace. V piipadé¢ kompozitniho
(nano)materialu typu uhlik-nZVI se zaroven muze
uplatiovat i reduktivni uc¢inek nZVI.
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