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Me tal lic nanoparticles com bine large sur face/vol ume ra tio
with spe cific chem i cal, elec tronic and op ti cal prop er ties.
We de scribe prep a ra tion and char ac ter iza tion of gold, sil -
ver and pal la dium nanoparticles with tun able sizes and/or
shapes. It is dem on strated how the nanoparticles are em -
ployed in two dif fer ent fields of re search: (a) mul ti ple
immunolabeling in bi ol ogy and (b) nu cle ation of poly -
propy lene crys tal li za tion in poly mer sci ence.  

In our pre vi ous stud ies, we de scribed nu mer ous
nanoparticle syn the ses, such as prep a ra tion of iso met ric Au 
nanoparticles with tun able size within range 4-200 nm [1,
2], iso met ric Ag nanoparticles [3], iso met ric Pd
nanoparticles with tun able size 3–16 nm [3, 4], iso met ric
core-shell (Ag)Au nanoparticles [5], Pd nanocubes [3] and
Au nanorods [6]. The nanoparticles were usu ally char ac ter -
ized mi cro scopic, spec tro scopic and dif frac tion meth ods.
Trans mis sion elec tron mi cros copy (TEM) bright field im -
ages of se lected me tal lic nanoparticles are given in Fig. 1.

struc ture, size, sta bil ity, and nu cle ation ef fects of the
pre pared nanoparticles. Se lected area elec tron dif frac tion

(SAED) and apertureless elec tron dif frac tion (ED) ver i fied 
the struc ture of syn the sized nanoparticles [3]. Quasi-elas tic 
light scat ter ing (QELS) and small-an gle X-ray scat ter ing
(SAXS) proved the sta bil ity of nanoparticle col loi dal so lu -
tions, which are used dur ing mul ti ple immunolabeling
[1-4]. Two-di men sional wide-an gle X-ray scat ter ing
(2D-WAXS) was em ployed in quan ti fi ca tion of Au-nu cle -
ated crys tal li za tion of isotactic polypropylene [7-9].
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Fig ure 1. TEM mi cro graphs show ing (a) Ag iso met ric nanoparticles, (b) Pd nanocubes and (c) Au nanorods; the par ti cles were de pos -
ited on an elec tron-trans par ent car bon film be fore observation.
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Some com pos ites of Fe, Ti, V, and Zr 3d met als are well
known for hy dro gen stor age abil ity. We pre pared the ma te -
rials by solid state re ac tion by mix ing and dry mill ing
method. The sam ples were con se quently ho mog e nized by
high treat ment in var i ous sur round ings at mo spheres and in
the pure vac uum. We were able to pre pare intermetallic
com pounds TiFe, Zr2Fe and hy drides ZrH2, VH2 . These

ac cept able phases had im pu ri ties - Fe, Fe2Zr, Ti2Fe and ox -
ides (ZrO2, FeO, Fe2O3, Fe3O4, V2O3, V2O, TiO and Ti2O).
The dry mill ing method was used for pre par ing VFe, Zr2Fe
and Zr3Fe intermetallic com pounds. 

ex tended con tri bu tion sub mit ted
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The first ar ti cle deal ing with the e-Fe2O3 was pub lished in
1934 [1]. How ever, its crys tal struc ture de scribed in the
orthorhombic Pna21 was pub lished in 1998 [2]. The struc -
ture of ep si lon phase is char ac ter ized by the clos est pack ing 
of the ox y gen an ions with ABAC stack ing. The stack ing
planes are par al lel to (001). The iron cat ions oc cupy four
dif fer ent sites. Three of them have oc ta he dral and the last
one has tet ra he dral co or di na tion poly he dron. The val ues of 
the lat tice con stants are a = 5.091 C, b = 8.784 C and c =
9.472 C. Af ter a dis cov ery of its gi ant 2 T room tem per a -
ture coercivity in 2005 [3] the ep si lon phase at tracted more
at ten tion as these prop er ties pre des ti nates it as a prom is ing

ma te rial for mag netic re cord ing and in for ma tion stor age.
More over, in 2009 Namai et al. used this phase as a
high-per for mance mil li me ter elec tro mag netic wave ab -
sorber, which opens a pos si bil ity of the ap pli ca tions of this
ma te rial in high-speed wire less com mu ni ca tion de vices
[4].

Nanocomposites were pre pared by a sol-gel pro cess us -
ing com plex mol e cule of fer ric cat ion and or ganic mol e -
cule H2L bear ing two trimethoxysilyl groups (H2L =
bis-[3-(trimethoxysilyl)propylamide] of ethylene diamin -
etetraacetic acid). Af ter hy dro ly sis and con den sa tion of
Si-OMe groups fol lowed by dry ing, the xerogels ob tained

Ó Krystalografická spoleènost

108 Struktura 2011 -  Lec tures Ma te ri als Struc ture, vol. 18, no. 2 (2011)



were an nealed at fi nal tem per a tures be tween 900 and
1100 °C, thus ob tain ing nanocomposites with 40% weight
con cen tra tion of iron ox ide [5]. The SiO2 ma trix was re -
moved by re act ing the nanocomposite with 5 M NaOH at
80 °C for three days. The nanocrystals were then washed
sev eral times by dis tilled wa ter and col lected by
centrifugation. The trans mis sion elec tron mi cros copy
(TEM) mea sure ments were con ducted us ing a JEOL
JEM-3010, while the X-ray dif frac tion (XRD) data were
col lected us ing a PANalytical X’Pert Pro with Cu Ka ra di a -

tion (l = 1.5418 C) at room tem per a ture with the 2q range
be tween 10° and 110°. Rietveld anal y ses were per formed
by the Fullprof pro gram [6]. As a pro file func tion was used
Thomp son-Cox-Hastings pseudo-Voigt func tion. For a
mod el ing of the anisotropic shape of the crys tal lites were
used spher i cal har mon ics.

The ep si lon phase is sta ble only in a re stricted size
range be tween ap prox i mately 10 to 100 nm. It crys tal lizes
in the Fe2O3/SiO2 sys tem from maghemite and trans forms
to ther mo dy nam i cally sta ble he ma tite un der pro longed
heat treat ment. The shape of the ep si lon phase crys tals de -
pends on the size of the crys tals. The par ti cles ob tained at
1100 °C adopt a disc-like shape flat tened in c di rec tion with 
sim i lar di am e ters in a and b di rec tions and they are in al -
most all cases sin gle crys tals. The larg est crys tal faces are
(001) and (110) as de duced from the HR-TEM im ages.
These re sults are in an agree ment with XRD data fit ting
(Fig ure 1). Ta ble 1 sum ma rizes the vol ume weighted di am -
e ters in the [100], [010] and [001] of the co her ently dif -
fract ing do mains of the ep si lon phase. The fast est growth
of the crys tals in the tem per a ture range be tween 900 °C and 
1100 °C is in the [001] fol lowed by the [100]. The small est
growth is in the [010]. It is im por tant to note that the vis cos -
ity of the sil ica ma trix sig nif i cantly in creases at about
1000 °C. Un der this tem per a ture the growth of the par ti cles 
is much slower. To un der stand this anisotropic growth of

the ep si lon crys tals it is nec es sary to un der -
stand the ba sics of the ep si lon trans for ma -
tion from maghemite.

Maghemite has a spinel struc ture,
which is de scribed in the cu bic space group 
Fd m3 . The stack ing of the ox y gen an ion

lay ers is along á111ñ. The maghemite par ti cles with the size 

close to 10 nm are flat tened in one of the  á111ñ di rec tions
(Fig ure 2). Some par ti cles con tain do mains of both
maghemite and ep si lon. The con tact plane of these phases

was found to be  á111ñM/[001]e. Eval u a tion of the FFTs of
the HR-TEM im ages showed that there is a fixed struc tural

ori en ta tion re la tion ship be tween these two phases ( á110ñM

is par al lel to [010]e and  á211ñM is par al lel to [100]e, Fig ure
3). This ori en ta tion re la tion ship is the same as that found by 
Ding et al. for mag ne tite and ep si lon [7]. In ter est ingly, the
nanowires of mag ne tite de scribed in this work trans formed
in the ep si lon phase only in case when the nanowires grew
along one of the n of mag ne tite (which is the same di rec tion 

as the  á110ñ of maghemite), which could ex plain why is the 
larg est di am e ter of the small est ep si lon par ti cles is in the
[010]e.

In con clu sion the trans for ma tion of maghemite to ep si -
lon is prob a bly much faster within a cationic layer than in
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Figure 3.  HR-TEM im age of a par ti cle con tain ing both

maghemite and ep si lon. Ar row points in [111]M and [001]e. Per -

pen dic u lar to this di rec tion is á110ñM//[010]e.

Fig ure 2.  HR-TEM im age of a maghemite par -

ti cle ob served along á211ñ di rec tion.

Fig ure 1.  Com par i son of mod eled anisotropic crys tal shape (left) with crys tals
viewed along the cor re spond ing di rec tions in the HR-TEM im ages (right) of the sam -

ple an nealed at 1100 °C.



the di rec tion per pen dic u lar to the atom stack ing as ev i -
denced by the dif fer ent grow ing rate of the ep si lon phase in 
the a, b and c di rec tions.
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Významná èást nanomateriálového výzkumu je v souèasné 
dobì zamìøena na zjiš•ování optimálních podmínek
pøípravy kompozitních (nano)materiálù s nejrùznìjšími
fyzikálnì-chemickými vlastnostmi, jejich komplexní cha -
rak terizaci a testování jejich využitelnosti v nejrùz nìjších
oblastech lidské èinnosti. Význam kompozitních (nano)
materiálù spoèívá zejména v možnosti efektivnì kombi -
novat specifické vlastnosti dvou a více odlišných (nano)
materiálù v jednom celku. Výsledný kompozitní (nano)
ma te riál vykazuje vlastnosti, které by nebylo možné získat
za použití jednotlivých (nano)materiálù.

Vysokoteplotní RTG prášková difrakce pøedstavuje
jednu ze stìžejních metod používaných pøi studiu a
laboratorní pøípravì kompozitních (nano)materiálù
reakcemi v pevné fázi a reakcemi typu pevná fáze - plyn, a
to zvláštì díky jedineèné možnosti in-situ monitorovat
prùbìhy daných reakcí a zároveò sledovat další kritické
parametry kompozitních (nano)materiálù (pøedevším
støední velikosti koherentních domén a kvantitativní
zastoupení jednotlivých fází). V prezentované práci byla
použita vysokoteplotní reakèní komùrka XRK900 (Anton
Paar, GmbH) s pracovním rozsahem teplot RT až 900 °C a
tlakem plynù 1 mbar až 10 barù (inertní, oxidaèní, redukèní 
a nejrùznìjší reakèní plyny a rùzné relativní vlhkosti

vzduchu) nainstalovaná na práškovém difraktometru
X´Pert PRO MPD (PANalytical).

Charakter a využití kompozitních (nano)materiálù
obsahujících nanoèástice elementárního železa (nano -
particles of zero-valent iron - nZVI) pøipravovaných
v laboratoøích Regionálního centra pokroèilých techno -
logií a materiálù (PøF UP Olomouc) je v principu dvojí:
nano èástice elementárního železa (<20 nm až ~100 nm)
jsou využity jako magnetický nosiè pro jinak nemag -
netické materiály s výbornými sorpèními vlastnostmi, nebo 
je v rámci kompozitního (nano)materiálu využito jejich
reduktivního úèinku, popø. mùže být využito obou tìchto
vlastností. Aplikaènì jsou velmi dùležité kompozitní
(nano)materiály typu zeolit-nZVI, jílový minerál-nZVI a
uhlík-nZVI. Zabudováním nZVI do silikátové (zeolity,
jílové minerály) èi uhlíkové matrice vznikne magnetický
kompozitní (nano)materiál vhodnì aplikovatelný
napøíklad pro sorpèní odstraòování tìžkých kovù èi
organických látek z vodných prostøedí s možností jejich
následné magnetické separace. V pøípadì kompozitního
(nano)materiálu typu uhlík-nZVI se zároveò mùže
uplatòovat i reduktivní úèinek nZVI.
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Tem pe ra tu re

(°C)

[100]

(nm)

[010]

(nm)

[001]

(nm)

900 6(1) 11(1) 3(1)

950 10(1) 10(1) 5(1)

1050 28(2) 24(2) 17(2)

1100 41(3) 40(3) 27(3)

Ta ble 1.  Vol ume weighted di am e ters on e-Fe2O3 as a func tion of 
the an neal ing tem per a ture.


