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The bulk me tal lic glasses (BMGs) are in fo cus of ma te ri als
sci ence due to their unique me chan i cal prop er ties. The high 
strength and low elas tic moduli at room tem per a ture and
the high duc til ity above the glass tran si tion tem per a ture
(Tg) make BMGs very prom is ing struc tural ma te ri als. The
ther mal sta bil ity of the amor phous struc ture is an im por tant 
fac tor in the in dus trial ap pli ca tion of these ma te ri als. In
BMGs an nealed above Tg, nanocrystalline par ti cles may
form. These precitipates have a great ef fect on the me chan -
i cal prop er ties of the al loys, there fore it is im por tant to find
the re la tion ship be tween the char ac ter is tic fea tures of these 
par ti cles (com po si tion, size, shape, in ter nal stresses etc.)
and the me chan i cal be hav iour.

In this work the ef fect of form ing of nanocrystalline
pre cip i tates on the me chan i cal prop er ties of Zr-based
BMGs is stud ied. The phase com po si tion and the
microstructure of nanocystallized spec i mens are in ves ti -
gated by X-ray dif frac tion. The crys tal lite size and the lat -
tice strains are de ter mined by X-ray line pro file anal y sis.
The me chan i cal be hav ior be fore and af ter crys tal li za tion is
stud ied by in den ta tion tech nique. The re la tion ship be tween 
the me chan i cal prop er ties and the struc ture of nano -
crystallized BMGs are dis cussed.

This work was sup ported by the Hun gar ian Sci en tific Re search
Fund, OTKA, Grant Nos. F-047057 and T-043247.
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Com pos ite ma te ri als formed by mag netic nanoparticles
em bed ded in in su lat ing ma tri ces have at tracted much at ten -
tion due to their pe cu liar prop er ties which are quite dif fer -
ent from those of the cor re spond ing bulk mag nets, such as
the superparamagnetism, the en hanced coercivity, the shift
of the hys ter esis loop, or the en hanced mag netic ani so -
tropy. More over, in the nanoscopic re gime, such prop er ties 
are size-de pend ent. From a tech no log i cal point of view,
they are ex cel lent can di dates as mag netic re cord ing me dia.
Al loy-based nanoclusters of fers the pos si bil ity to fur ther
tai lor ing the func tional prop er ties of the com pos ite sys tem
to spe cific pur poses by chang ing the al loy com po si tion.
Among the prep a ra tion pro ce dures, se quen tial ion im plan -
ta tion has proved very ef fec tive to fab ri cate al loy-based
nanoclusters in di elec tric ma tri ces. More over, the com pos -
ite can be treated by a proper com bi na tion of treat ments in -
clud ing ir ra di a tion by ligth ions or elec trons, heat
treat ments in con trolled at mo sphere or pulsed la ser ir ra di a -
tion, with sev eral de grees of free dom in the prep a ra tion for
ef fec tively de fin ing the struc ture of the clus ters and so the
com pos ite per for mance.

Here, we pres ent a study on the ef fects of heat ing treat -
ments in re duc ing at mo sphere per formed at sev eral tem -
per a tures on Pd-Fe al loys nanoclusters em bed ded in sil ica
and pre pared by se quen tial ion im plan ta tion. The evo lu tion 
of the microstructural prop er ties with the ther mal treat -
ments was in ves ti gated by Glanc ing In ci dence X-Ray Dif -
frac tion com bined with a pat tern de com po si tion pro ce dure
for the quan ti ta tive anal y sis of the spec tra. The ex per i men -
tal re sults were as sessed by us ing Trans mis sion Elec tron
Mi cros copy. Ac cord ing to the re sults, the an neal ing in re -
duc ing at mo sphere is found prin ci pally to pro mote the
growth of the Pd-Fe nanoclusters while the al loys com po si -
tion re main sta ble. These phenonema are ac com pa nied by a 
strong Pd seg re ga tion.

*cor re spond ing au thor: M.A. Tagliente, e-mail ad dress:
antonella.tagliente@brindisi.enea.it
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ELECTROCRYSTALLIZATION OF PT ON AU SUBSTRATES. XRD STUDY

I. Yu. Molina, L. M. Plyasova, S. V. Cherepanova, E. R. Savinova

Boreskov Institute of catalysis,  pr. Lavrentieva 5, Novosibirsk, Russia

To de ter mine struc tural fea tures re spon si ble for ad sorp tion
char ac ter is tics and cat a lytic ac tiv ity of highly dis persed
elec tro de pos it ed cat a lysts, sys tem atic X-ray dif frac tion
study of the real struc ture of Pt elec tro de pos it ed on Au sub -
strates was car ried out. The in flu ence of the de po si tion po -
ten tial, elec tro chem i cal ag ing, model cat a lytic re ac tions
and the tex ture of the Au sup port on the struc tural fea tures
of de pos its have been an a lyzed. The sam ples were pre -
pared via potentiostatic electrodeposition of Pt from
H2PtCl6 onto Au sub strates. De po si tion po ten tial was var -
ied in the range from 0.550 to 0.025 V. Amount of elec tro -
de pos it ed Pt was 0.5-1 mg/sm2 and the es ti mated thick ness

var ied from 0.20 to 0.80 mm. The X-ray dif frac tion pat terns 
were ob tained us ing a URD-63 diffractometer (Ger many)
in CuKa-ra di a tion with a scan ning method within the an gle

in ter val 2q=30-900 with 0.020 step and the ex po si tion time
of 10-20 s. Ka2 com po nent of ra di a tion was re moved be -
fore pro cess ing the ex per i men tal data. To de ter mine the in -

stru men tal broad en ing a-Al2O3 stan dard was used. The
av er age lat tice pa ram e ters were cal cu lated with
least-squares method us ing a pro gram sys tem “Polikristall” 
[1]. A sin gle-line Voigt anal y sis method was used to cal cu -
late the crys tal lite size and strains in <111> di rec tion [2]. 
For some sam ples par ti cle size dis tri bu tion in the same di -
rec tion have been cal cu lated [3].

It has been shown that un der the con di tions em ployed
highly de fec tive elec tro lytic de pos its are formed com posed 
of nm-sized par ti cles (10-30 nm). The struc ture of Pt
nanoparticles is highly dis torted which is ex pressed in
rather high val ues of strains and de crease of lat tice pa ram e -
ter. The crys tal lite size and lat tice pa ram e ter de creases with 
an in crease of the de po si tion po ten tial while the strains in -
crease. Cal cu la tions show that par ti cle size dis tri bu tions
are bi modal with sig nif i cant part of small size par ti cles
(less than 15 nm). There is good cor re spon dence be tween

crys tal lite size ob tained from Voigt anal y sis and par ti cle
size dis tri bu tion.

It has been shown that elec tro chem i cal ag ing and model 
elec tro chem i cal re ac tions lead to the re lax ation of the de -
fect struc ture of elec tro de pos it ed Pt, which is ex pressed in
an in crease of lat tice pa ram e ter and par ti cle size. The
abrupt de crease in the val ues of strains is ob served for more 
de fec tive sam ples ob tained at low overvoltage (0.250 -
0.550 V).

 It also has been shown that the tex ture of Au sup port
(sam ples with  <200>, <311>, <220> Au tex ture were in -
ves ti gated) has no sig nif i cant in flu ence on the crys tal lo -
graphic ori en ta tion of Pt de pos its. The dif fer ences in
struc tural fea tures for sam ples on tex tured sup ports are
much weaker than that for de pos its ob tained on the iden ti -
cal sup ports but at dif fer ent de po si tion po ten tials. The av -
er age par ti cle size for Pt on the tex tured sup ports is 11-15
nm, all sam ples un der in ves ti ga tion have prac ti cally equal
val ues of lat tice pa ram e ter and strains, and agree well with
the early stud ied sam ples, ob tained at the same de po si tion
po ten tial (0.300 V). Thus the data ob tained shows that de -
po si tion po ten tial is a key pa ram e ter de ter min ing struc tural
char ac ter is tics of Pt electrodeposits. 
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Nanocrystals show novel phys i cal and chem i cal prop er ties
dif fer ent from those of the cor re spond ing bulk ma te rial. In
par tic u lar both tem per a ture and pres sure-in duced  phase
tran si tions in polycrystalline ma te ri als show de pend ence
on grain size. This work is ded i cated to ex am i na tion of the
tran si tion pres sure of  ZnO from wurt zite (B4) to rocksalt
(B1) struc ture by in-situ syn chro tron ra di a tion X-Ray dif -
frac tion. Nanocrystalline zinc ox ide pow ders with grain
size 18, 22, 30 nn and coarse grain ZnO pow der as a ref er -
ence sam ple were ex am ined with use of Di a mond An vil
Cell up to 40 GPa.

Re cently it has been re ported that tran si tion pres sure,
from wurt zite to rocksalt struc ture of 12 nm grain size ZnO
is 15.1 GPa, i.e. by 5.6 GPa larger than sim i lar tran si tion in
microcrystalline pow der, 9.5 GPa [1,2]. We have ex am -
ined sim i lar be hav iour for 18 nm and 30 nm ZnO, il lus -
trated in Figs. 1 and 2.  Fig.1 shows plot of the in ten sity
ra tio of the I200 (B1) to I100 (B4) peaks for 18 and 30 nm
pow der as a func tion of pres sure where sim i lar plots are
showed for mi cro- and 12 nm ZnO  [1]. The in crease of the
tran si tion pres sure with a de crease of the grain size con -
forms to the pre vi ous data [1]. Fig.2 shows changes of the
in ten sity ra tio of  I100 to I002 Bragg re flec tions of B4 phase,
which show very dif fer ent shape for mi cro- and
nanocrystalline pow ders. This sug gest that there are dif fer -
ent mech a nisms of the tran si tion from B4 to B1 phase in
nano- and mi cron-size grains. We sug gest that the strong
in crease of the ra tio I100 to I002 for large grains re sults from
a si mul ta neous growth of a num ber of do mains of B1 phase 
in the low pres sure in B4 phase what leads to very strong
in ter nal stresses.  A sin gle nano-grain tends to re main one
phase struc ture and there fore the in ten sity ra tio I100 to I002

of the pri mary phase B4 changes only very lit tle. Dur ing in -
crease of the ex ter nal stress ap plied to the ZnO pow ders
above the tran si tion pres sure there is larger in crease of

strain in 18 nm ZnO than in 30 nm pow der, while in mm
grain size sam ple no in crease of mi cro-strain is ob served
up to 40 GPa pres sure. We sug gest that the in crease of
strains in nanograins is con nected with a very large sur face
area of the grains (inter-grain in ter faces) which ob vi ously
show dif fer ent elas tic prop er ties than the bulk (in te rior of
the grains) [3]. 

This work was sup ported by the Pol ish Com mit tee for Sci -
en tific Re search – grant PBZ/KBN-013/T08/30, the Pol ish
–Ger man Pro ject POL-00/009, DESY-HASYLAB Pro ject
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Fig ure 1: Changes of in ten sity ra tio of 200 (B1) to 100 (B4)
Bragg re flec tions with an in crease of hydroststic pres sure for

ZnO pow der with 18 and 30 nm grains. Data for 12 nm and mm
sam ples are from [2].

Fig ure 2: Changes of in ten sity ra tio of 100 to 002 (B4) re flec -
tions be low the tran si tion pres sure for mi cro- and nanocrystalline 
ZnO pow ders.
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CHARACTERIZATION OF BULK MULTIWALL CARBON NANOTUBES

Jette Oddershede and Kenny StDhl

Department of Chemistry, Technical University of Denmark, Building 207, DK-2800 Lyngby, Denmark.

Multiwall car bon nanotubes (MWCNTs) con sist of rolled
graphene sheets. As the tube prop er ties are in ti mately
linked to the bulk struc ture it is es sen tial to be able to char -
ac ter ize this. The tubes are pe ri odic in na ture and there fore
give rise to dis tinct dif frac tion peaks, thus dif frac tion is an
ex cel lent probe of bulk struc ture as op posed to TEM,
which can only be used to de ter mine lo cal struc ture. The
ex per i men tal diffractogram was re corded in trans mis sion

mode with a HUBER G670 Guinier cam era (l = 1.087C) at 
beamline I711, MAXLAB (Lund, Swe den), on 50 mg of
MWCNT sam ple pressed into a tab let.

Us ing the Debye for mula the diffractograms for tubes
with dif fer ent struc ture can be sim u lated by sum ma tion
over all the in ter atomic dis tances. The ap pear ance of the

diffractograms de pend on pa ram e ters such as the tube
length and di am e ter, the re peat dis tance per pen dic u lar to
the tube, the num ber of con cen tric tubes, and the roll ing di -
rec tion (chiral or achiral tubes). Sys tem atic vari a tions of
the pa ram e ters to de ter mine the ef fects and cor re la tions
will be pre sented along with fits to ex per i men tal data. In

the above ex am ple the peak at 2q = 18.4° cor re sponds to
the re peat dis tance per pen dic u lar to the tube, so the
interlayer spac ing (3.4 C) can be de ter mined from the peak
po si tion, the num ber of con cen tric tubes from the FWHM
of the peak and the dis tri bu tion of spac ings from the asym -
me try. Here the FWHM cor re sponds to around 12 turns.
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PARTICLE SIZE DISTRIBUTION FUNCTION OF SUPPORTED GOLD CATALYSTS BY
X-RAY DIFFRACTION
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Pure gold was con sid ered to be an un in ter est ing metal from 
the point of view of ca tal y sis. Re cently, was re ported to be
ex tremely ac tive for some re ac tions if de pos ited as
nanoparticles on dif fer ent sup ports [1, 2]. In this pa per the
in flu ence of the prep a ra tion method and sup port na ture on

the struc tural prop er ties of gold based cat a lysts are pre -
sented. 

The prep a ra tion meth ods [1, 3, 4] are: 

· im preg na tion of the sup port with aque ous so lu tion of
HAuCl4.3H2O in or der to ob tain 5 wt.% gold on sup ported
cat a lysts;
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· ho mo ge neous de po si tion-pre cip i ta tion us ing urea like 
pre cip i ta tion agent. The sus pen sion of sup port with
HAuCl4.3H2O was heated at ca. 70oC, un der vig or ous
steer ing, in or der to de com pose the urea. The re sult was
washed, dried in air at 80oC and then calcinated in air flow
at ca. 300oC.

The fol low ing metal ox ides, with high spe cific sur face
area were used as sup ports: SiO2, Al2O3, CeO2, Cr2O3,
Fe2O3, ZrO2 and TiO2.  

The sup ported Au cat a lysts were stud ied by X-ray dif -
frac tion in or der to de ter mine the av er age par ti cle size, the
mean squares of the microstrain, the prob a bil ity of the
faults, the par ti cle size dis tri bu tion and microstrain func -
tions. The method is based on Fou rier anal y sis of the ex per -
i men tal X-ray line pro files (XRLP) (111), (200), (220) and
(311). The global struc ture is ob tained with a fit ting
method based on the gen er al ized Fermi func tion fa cil i ties
[5,6]. The X-ray dif frac tion data of gold cat a lysts were col -
lected at room tem per a ture, us ing a hor i zon tal pow der
goniometer in Bragg-Brentano (BB) ge om e try in stalled on
DRON 2 setup con nected with PC, con tain ing a large spec -
tra li brary. The in ci dent Cu-Ka ra di a tion was fil tered with

Ni foil, l = 1.54178 C. The typ i cal ex per i men tal con di tions 

were: 60 sec. for each step, ini tial an gle 2q = 100, step
0.020, on 3500 points. The dif frac tion pro files were mea -
sured with a scin til la tion de tec tor, sin gle chan nel
pulse-height dis crim i na tion and stan dard as so ci ated count -
ing cir cuit. 

Data pro cess ing is based on War ren-Averbach and
Charlson ap prox i ma tions. The XRLP and their Fou rier
trans form were ap prox i mated with the gen er al ized Fermi

func tions (GFF). Only the XRLP with a good S/N ra tio
were pro cessed. In the case of mul ti ple lines for one spec -
trum we were able to de ter mine the crys tal lite mor phol ogy. 
It can be ob served, for all the sam ples, a good cor re la tion
be tween the global struc ture pa ram e ters (i.e. small crys tal -
lite sizes im ply large val ues for the microstrain and the
faults prob a bil ity). We have ob tained crys tal lite sizes be -
tween 2.1 (Au/Al2O3) and 28.5 nm (Au/SiO2) de pend ing
on the prep a ra tion method and the sup port na ture. Fig ures
1 and 2 con tain the size and the microstrain dis tri bu tion
func tions for Au/SiO2 sam ple. 

The aim of these stud ies is to un der stand the re la tion be -
tween the cat a lytic ac tiv ity and the global microstructural
model [4, 7].
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STRUCTURAL EVOLUTION AND SELECTIVITY OF THE DIOCTAHEDRAL 2:1 CLAY
IN RELATION WITH THE CATION CONCENTRATION OF HEAVY METALS: XRD

QUANTITATIVE ANALYSIS

W. Oueslati, H. Ben Rhaiem, M. S.  Karmous & A. Ben Haj Amara

Laboratoire de Physique des Matériaux, Faculté des Sciences de Bizerte Tunisia

One of the en vi ron men tal prob lems re lated to the mod ern
world is the con tam i na tion of soil with heavy met als com -
ing from house hold trash. the soil is a mix ture of more or
less coarse par ti cles such as sand, gravel, clay....Among
this mix ture, the clay  frac tion  is char ac ter ised by the fin est
par ti cle size (<2µm) and rep re sents the most ac tive and ef -
fi cient phase in the soil or gani sa tion and be hav iour. The
aim of this work is to char ac ter ise the struc tural evo lu tion
of a dioctahedral smectite (Wy o ming mont mo ril lo nite) sat -
u rated with heavy metal cat ions. A quan ti ta tive anal y sis of
XRD pat terns is achieved us ing an in di rect method based
on the com par i son of XRD ex per i men tal pat terns to cal cu -
lated ones. The study is achieved in two steps: 1) First the
clay Cat ion Ex change Ca pac ity (CEC) is sat u rated with
one me tal lic cat ion Ca2+or Cu2+or Ni2+.Infact Ca2+ is a
dom i nant cat ion in  soil clays, whereas Cu2+ and Ni2+ are
two heavy metal cat ions occuring in house hold trash. The
re sult ing com plexes were re spec tively la belled Wy-Ca,

Wy-Cu and Wy-Ni. The quan ti ta tive anal y sis of the XRD
pat terns pro duced by these com plexes shows that they are
char ac ter ised by   12.4 C, 15.43 C and 15.06 C re spec tively 
for Wy-Cu, Wy-Ca and Wy-Ni.

2) Sec ondly, the clay is placed in pres ence of a biionic
so lu tion: (Ca, Cu) or (Cu, Ni) in or der to un der stand the se -
lec tiv ity of the clay for these cat ions. Fig ure I shows the
evo lu tion of the d001spac ing when in creas ing the so lu tion
con cen tra tion.

We no tice that for low con cen tra tion the d001 spac ing
cor re sponds to the Wy-Cu com plex whereas for high con -
cen tra tion, the d001 spac ing can be at trib uted to the Wy-Ca
or Wy-Ni. This means that at low con cen tra tion, the clay
CEC is sat u rated  with  low hydration state cat ion  (i.e.
Cu2+) which is char ac ter ised by one wa ter layer, for high
con cen tra tion, the clay fixes the cat ion with high hydration
state (i.e. Ca2+ or Ni2+) which are char ac ter ised by two wa -
ter lay ers.
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STRUCTURAL PROPERTIES OF SMECTITE SATURATED BY HEAVY METALS
THERMALLY TREATED

Mohamed Salah Karmous, Hafsia  Ben RhaUem, Walid Oueslati & Abdesslem Ben Haj Amara

Laboratoire de Physique des Matériaux, Faculté des Sciences de Bizerte, Tunisia

The threat of en vi ron men tal pol lu tion from the re lease and
dis persal of heavy met als ac cu mu lated in soil min er als led
to ex ten sive re search fo cus ing on the fix a tion of these
heavy met als cat ions on smectites.

The main ob jec tive of this study is to in ves ti gate the in -
ter ca la tion and dif fu sion of heavy met als cat ions such as
Cu2+ and Ni2+ into a Wy o ming mont mo ril lo nite.

The Cat ion Ex change Ca pac ity (CEC) of pu ri fied Wy o -
ming mont mo ril lo nite, was sat u rated with Cu2+ or Ni2+ cat -
ions. The re sult ing com plexes will be de signed Wy-Cu and 
Wy-Ni.

The ob tained sam ples were then heated at mod er ate
tem per a ture in or der to trap de fin i tively the dif fer ent cat -
ions within the clay struc ture.

The quan ti ta tive anal y sis of XRD pat terns us ing an in -
di rect method al lows us to char ac ter ise the struc tural evo -
lu tion of these sam ples. The method per mits to de ter mine

the num ber and the po si tion of the in ter ca lated cat ions and
wa ter mol e cules in the interlamellar space. The com par i son 
of ex per i men tal x-ray pat terns to cal cu lated ones use a
struc tural model showed that: for the air-dry (1) the Wy-Cu 
com plex is char ac ter ised by a basal spac ing of 12.4 C (2)
The Ni-Wy air-dry sam ple is char ac ter ised by a basal spac -
ing of 14.8C, these basal spac ings cor re spond to one and
two wa ter lay ers be tween the sil i cate lay ers re spec tively for 
the Cu and Ni com plexes. 

Af ter ther mal treat ment, the quan ti ta tive XRD anal y sis
shows that: un til 250°C, the basal spac ing de creases un til
10Å. This de crease is at trib uted to the loss of interlamellar
wa ter. When in creas ing tem per a ture up to 350°C, a pro por -
tion of Cu2+ and Ni2+ cat ions dif fuses into the oc ta he dral
va can cies and this pro por tion in creases when in creas ing
the heat ing du ra tion.
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Fig ure 1. Evo lu tion of the d001 ver sus the con cen tra tion of the dif fer ent cou ples of cat ion
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XRD STUDY OF THE STACKING MODE OF THE NACRITE/ALKALI HALIDES
COMPLEXES

Naamen S.,  Ben RhaVem H., Karmous M. S. & Ben Haj Amara A.

Laboratoire de Physique des Matériaux, Faculté des Sciences de Bizerte, Tunisia

The ho mog e nous nacrite/CsCl, KCl and KBr com plexes
have been suc cess fully pre pared by im mers ing an ho mo ge -
neous 8.4 C hy drated nacrite in a CsCl, KCl or KBr sat u -
rated so lu tions. These three com plexes have been stud ied
us ing X-ray dif frac tion (XRD) and TG anal y sis. The qual i -
ta tively X-ray diffraction anal y sis was based on a com par i -
son be tween the ex per i men tal and cal cu lated pat terns. 

The XRD pat terns showed basal spac ing equal to 7.2Å,
10.0 C, 10.4 C and 10.5 C re spec tively for the non-treated
nacrite, the nacrite/KCl, nacrite/KBr and nacrite/CsCl
complexes. This re sult in di cated the in ter ca la tion of the hy -
drated salts be tween the nacrite lay ers. 

The qual i ta tively anal y sis of the dif frac tion pat terns
from these three com plexes vary in res o lu tion, in ten sity,
and po si tion: (1) the basal 00l re flec tions in di cate a large
num ber of co her ently scat ter ing par al lel lay ers; (2) the hkl

re flec tions (with h and/or k ¹0) are broad ened in di cat ing a
dis or der struc ture in the (a, b) plane.

The de ter mi na tions of the struc tural evo lu tion were
con ducted in two steps: firstly, we stud ied the 00l re flec -
tions us ing a di rect method in volv ing a monodimensional

elec tron den sity pro jec tion; sec ondly we stud ied the hkl re -

flec tions, with h and/or k¹0.
The di rect method in volv ing a monodimensional elec -

tron den sity pro jec tion, along the nor mal to the lay ers, is
used to de ter mine the num ber and the po si tions of the in ter -
ca lated com pounds. The better re li abil ity fac tors ob tained
for these com plexes nacrite/al kali halides are less than 5%. 

For the com plex nacrite/CsCl and nacrite/KBR, the cat -
ions are lo cated near to the ox y gen atom plane. The an ions
are sit u ated above the hydroxyl groups and the H2O mol e -
cules in the mid dle of the interlamellar space. 

For the com plex nacrite/KCl, the cat ion, the an ion and
one H2O mol e cule are lo cated re spec tively near the
hydroxyl groups and an other wa ter mol e cule is sit u ated un -
der the ox y gen atom plane for the sec ond layer. These
XRD re sults are con sis tent with those of TG anal y sis.

The study of the hkl re flec tions (with h and/or k ¹0), al -
lowed the de ter mi na tion of the stack ing mode and the po si -
tion of the in ter ca lated spe cies in the (a, b) plane. The
ob served dis or der of the XRD di a grams for these com -
plexes are re lated to the ex is tence of dif fer ent sites oc cu -
pied by the cat ions.
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ATOMIC STRUCTURE OF Re-Tb AMORPHOUS ALLOYS

A. V. Bondarev, Yu. V. Barmin, I. L. Bataronov

Voronezh State Technical University, 14 Moskovski prospect, 394026 Voronezh, Russia, e-mail:
bondarev@vmail.ru

The Re-Tb amor phous al loys with the ter bium con tent of
18, 36, 53, 71 and 89 at.% were pro duced by three-elec -
trode ion-plasma sput ter ing of a com pos ite tar get. Com po -
si tion of the al loys was de ter mined by the elec tron-probe
X-ray spec tral microanalysis with the ac cu racy of 0.5 at.%.

The atomic struc ture of amor phous al loys was stud ied
on the stan dard X-ray diffractometer in ge om e try of re flec -

tion us ing MoKa ra di a tion (l = 0.071 nm) and  a graph ite
mono chro ma tor in the dif fracted beam. The scat ter ing in -

ten sity I(q) was re corded by points within the range of scat -

ter ing an gles 2q from 5° to 80°. The ex per i men tal curves

I(q) were cor rected for air back ground, po lar iza tion and
ab sorp tion. Then the in ten sity was nor mal ized into elec -
tronic units by the Krogh-Moe — Normann method. The
struc ture fac tors (SF) were cal cu lated tak ing into ac count
in ten sity of in co her ent ra di a tion and cor rec tions to anom a -
lous dis per sion of the atomic scat ter ing fac tors [1]. 

The ra dial dis tri bu tion func tion (RDF) can be ob tained
as the sine Fou rier trans for ma tion of the SF. How ever, the

di rect Fou rier trans for ma tion is sen si tive to such ex per i -
men tal er rors in the struc ture fac tor as sta tis ti cal dis per sion
and to the mea sure ment on the fi nite in ter val. To re duce the 
ef fect caused by these er rors, the fol low ing al go rithm was
used: the ex per i men tal SF is smoothed with a set of ba sic
func tions and then the Fou rier trans for ma tion of the
smoothed so lu tion is per formed. In this work we used the
method based on sep a ra tion of the SF into sev eral in ter vals
which cor re sponded to the dif fer ent peaks on the SF. In
each in ter val the ex per i men tal SF was ap prox i mated with a
wave pack age (a set of ba sic func tions) [2]. Ap pli ca tion of
this method con sid er ably in creases the ac cu racy of re con -
struc tion of the RDF and pro vides sta bil ity to ran dom ex -
per i men tal er rors.

Us ing the re duced RDF G(r) and the to tal RDF, we cal -
cu lated pa ram e ters of the top o log i cal short-range or der.
The ra dii of co or di na tion spheres R1, R2, R3 and R4 were
de ter mined by po si tions of the cor re spond ing max ima on
the G(r) func tions. Co or di na tion num ber of the first sphere
Z1 was cal cu lated as the area un der the first peak of the to tal 
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RDF. The mean-square de vi a tions of the atomic po si tions

in the first sphere s(R1) was de ter mined by the half-width
of the first peak of the to tal RDF. 

Ra dius of the first co or di na tion sphere in creases pro -
por tion ally to con cen tra tion of the at oms with the greater
di am e ter – ter bium. The value of R1 grows from 0.278 nm
for Re82Tb18, which is close to the atomic di am e ter of rhe -
nium, to 0.355 nm for Re11Tb89, which co in cides with the
atomic di am e ter of ter bium. The rel a tive ra dii of the co or -
di na tion spheres Ri/R1 do not de pend on com po si tion of the 
al loys within the all con cen tra tion in ter val. The av er age
val ues R2/R1=1.67, R3/R1=1.89, R4/R1=2.54 are close to
the well-known val ues for the ma jor ity of me tal lic glasses.

The mean-square de vi a tion of the atomic po si tions in

the first sphere s(R1) changes with the change of com po si -
tion and it has the max i mum value at x=36-71 at.% Tb. The

in crease of the s(R1) near the mid dle of the con cen tra tion
in ter val is caused by high con tent of the at oms of the sec -
ond com po nent with the atomic di am e ter that con sid er ably
dif fers from the atomic di am e ter of the first com po nent
(dTb/dRe=1.292). Ef fect of in creas ing the dis per sion of
atomic po si tions with in tro duc ing at oms of the greater di -
am e ter into an amor phous ma trix is also ob served in the
other bi nary amor phous sys tems: Re-Ta [3], Re-Nb and
Re-Hf [4].

It was es tab lished that the ba sic pa ram e ters of top o log i -
cal short-range or der in these AA do not de pend on the
com po si tion. The rel a tive ra dii of co or di na tion spheres
Ri/R1 re main un changed. The co or di na tion num bers of the
first sphere Z1 also do not change as the com po si tion var -
ies. 

It was pro posed that lo cal struc tural units in these amor -
phous al loys are co or di na tion poly he dra of cor re spond ing
crys tal line com pounds. In the Re-Tb sys tem such a com -

pound is close-packed tet ra he dral crys tal line struc ture
(Laves phase).

Com puter sim u la tion of atomic struc ture of Re-Tb
amor phous al loys was car ried out us ing the mo lec u lar dy -
nam ics method. As an ini tial atomic con fig u ra tion we
chose ran dom dis tri bu tion of 7000 at oms in side the ba sic
cube with pe ri od i cal bound ary con di tions. For nu mer i cal
solv ing the equa tions of mo tion the Verlet al go rithm in the

ve loc ity form was used. In te gra tion step was 2×10-15 s, re -
lax ation was con ducted dur ing 5000 time steps. Sim u la tion 
was con ducted at con stant tem per a ture 300 K with cor rec -
tion of tem per a ture on each time step by means of ve loc ity
scal ing. 

For de scrip tion of in ter atomic in ter ac tion in the Re-Tb
sys tem we con structed the model po ten tial rep re sented as a
poly no mial of the fourth power [5]. Co ef fi cients of the po -
ten tial was cal cu lated us ing the pa ram e ters for the crys tal -
line an a logues (at om iza tion en ergy, bulk moduli, atomic
vol ume).

The RDF cal cu lated for the mod els are in good agree -
ment with the ex per i men tal ones. For the mod els we cal cu -
lated dis tri bu tions of co or di na tion num bers, dis tri bu tions
of bond an gles, par tial RDF and pa ram e ters of
compositional short-range or der. 
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PREPARATION AND CHARACTERIZATION OF ISOMETRIC GOLD NANOPARTICLES
WITH PRE-CALCULATED SIZE

M. Šlouf1, R. Kužel2, Z. Matìj2 

 1Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Heyrovskeho nam. 2,
162 06 Praha 6, Czech Republic

2De part ment of Elec tronic Struc tures, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 121 16 Praha 
2, Ke Karlovu 5, Czech Republic

Nanoparticles of pre cious met als like gold, sil ver, plat i num 
are in ten sively stud ied in last years. They found ap pli ca -
tions as sur faces in chem i cal anal y sis, as car ri ers of mol e -
cules, as mark ers in trans mis sion elec tron mi cros copy
(TEM) etc. Metal nanoparticles can com pose more or less
sta ble coloid so lu tions. Their size can be con trolled by
approapriately se lected pro cess of prep a ra tion. In this
work, Au par ti cles with dif fer ent sizes were pre pared and
char ac ter ized in so lu tion by UV/vis spec tros copy and in
solid state by TEM and pow der dif frac tion. 
Prep a ra tion of Au nanoparticles. Prep a ra tion of col loi -
dal Au nanoparticles was de scribed as early as at the end of
19th cen tury. We used a com bi na tion of the tech niques al -

ready de scribed. They were slightly mod i fied so that we
were able to ob tain par ti cles with ar bi trary size. Our new
tech nique is based on sev eral-step re duc tion of H[AuCl4]
wa ter so lu tion by com bi na tion of Na[BH4] and a NH2OH
so lu tions. The whole prep a ra tion pro ce dure is as fol lows:
(i) choice of av er age par ti cle size dtheor (ii) cal cu la tion of
so lu tion con cen tra tions, (iii) per form ing H[AuCl4] re duc -
tion ac cord ing to pre vi ous step and (iv) ex per i men tal de ter -
mi na tion of real av er age par ti cle size dexp. Usu ally it is
found dexp < dtheor, but the dis crep ancy is less than 20%.In
this study we in tended to pre pare four dif fer ent sets of par -
ti cles, de noted as Au1, Au2, Au3 and Au4, with av er age
sizes 4.5, 11.7, 35.0 and 105.8 nm, re spec tively.
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UV/vis spec tra. Col loi dal so lu tions of gold nanoparticles
ap pear red in color. The ex act hue of the so lu tion de pends,
among other things, on the size of the par ti cles and can be
mea sured by means of UV/vis spec tros copy. UV/vis spec -
tra of gold nanoparticles in wa ter were mea sured in the

range of wave length l = 300 - 900 nm with step 2 nm.

Trans mis sion elec tron mi cros copy (TEM).  Approx. 2 ml 
of Au col loi dal so lu tion was trans ferred to mi cro scopic
grid cov ered with car bon film and left to evap o rate. Dry Au 
par ti cles were ex am ined in mi cro scope JEM 200CX (Jeol,
Ja pan). All TEM microphotographs were taken at ac cel er a -
tion volt age 100 kV, re corded on a pho to graphic film and
dig i tized with pc-con trolled dig i tal cam era DXM1200
(Nikon, Ja pan). Im age anal y sis of TEM mi cro graphs was
per formed with pro gram LUCIA (LIM, Czech Re pub lic),
Figs. 1-4.
X-ray dif frac tion (XRD). A film of col loi dal Au par ti cles
were col lected onto the sur face of a mi cro scopic glass and
mea sured with a Philips X’Pert PRO diffractometer and a

2q scan with the in ci dence an gle w  = 2° in the par al lel
beam ge om e try. A pure glass sub strate and a NIST LaB6

stan dard were mea sured in the same in stru men tal ar range -
ment and the same in ci dence an gle to cor rect data for in -
stru men tal ef fects. Dif frac tion line broad en ing was
ana lysed us ing Willimason-Hall (WH) plots and mainly
the whole pro file mod el ling (WPPM) ap proach with the
pro gram PM2000 [1-2] (Fig. 7). Sur pris ing fea ture of stud -
ied sam ples is a strong ani so tropy of line broad en ing and a
sharp slope of the WH plot (Fig. 5). Ani so tropy of line
broad en ing can not be jus ti fied by the size broad en ing ef -

fect of any iso met ric shape of par ti ci ples. The WPPM fit is
im proved if de for ma tion and twin faults are in cluded in the
microstructure re fine ment (Figs. 6-7).  A high prob a bil ity

btwin of find ing a twin fault ap pears, es pe cially in sam ples
with very small grains (Ta ble. 1). It re sults in a larger size
of grains in di cated from x-ray anal y sis (Ta ble. 1).
Par ti cle size & shape.  The agree ment be tween the sizes
the o ret i cally cal cu lated and those de ter mined ex per i men -
tally was quite good (Ta ble 1.). The av er age sizes and
shapes of the par ti cles were de ter mined by im age anal y sis
of TEM mi cro graphs. The par ti cles were quite iso met ric,
approximatelly spher i cal in shape. The crys tal planes were
ob serv able as well, es pe cially for larger par ti cles (Fig. 4). 
Com par i son of re sults.  UV/vis spec tra of the Au col loi -
dal so lu tion ex hibit one lo cal ab sorp tion max i mum, de -

noted as lmax. The max i mum oc curs due to sur face plasmon 

ab sorp tion. Ac cord ing to the ory, lmax should shift slowly

to wards higher l with in creas ing size of the par ti cles. In
our study the size of the par ti cles dexp was de ter mined by

TEM and cor re spond ing shift of lmax was clearly ob served

(Fig. 8). More over, it was found that lmax is a lin ear func -
tion of dexp in the whole range), which is in agree ment with
our pre vi ous stud ies. 

X-ray re sults are in a good agree ment with oth ers for
Au2-4. For Au1 the size is sig nif i cantly higher. This is
caused by the fact that both line broad en ing ani so tropy and
its in crease with dif frac tion vec tor mag ni tude had to be ac -
counted for which was pos si ble by putt ing stack ing faults
and dis lo ca tions into the cal cu la tions. Fi nally, very good
fits of dif frac tion pat terns were ob tained but phys i cal in ter -
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Fig 1. TEM mi cro pho to graph of colloid Au1 Fig 2. TEM mi cro pho to graph of colloid Au2

Fig 3. TEM mi cro pho to graph of colloid Au3 Fig 4. TEM mi cro pho to graph of colloid Au4



pre ta tion of the pa ram e ters - twin faults and es pe cially
high dis lo ca tion den si ties of the or der of 1015 m-2

(strains) should be fur ther crit i cally dis cussed and in ves -
ti gated.

A new method for prep a ra tion of col loi dal iso met ric
Au nanoparticles in so lu tion was in tro duced. The size
of the par ti cles can be se lected in ad vance within the
range from 4.5 to 120 nm.

Size dis tri bu tion of the par ti cles ex hib its gaussi an
shape. How ever, with in creas ing size of the par ti cles the
size dis tri bu tion slightly broadens.

The Au nanoparticles with well-de fined size can be
em ployed in many fields. Our fi nal goal is to use them as 
cal i bra tion par ti cles for dy namic ligtht scat ter ing ex per i -
ments.
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Koloid dthe or

[nm]

dexp

[nm]
labs

[nm]

ddiff

[nm]
btwin

Au1 4.5 4.3 512 11 0.08

Au2 11.1 8.8 519 17 0.07

Au3 33.4 28.3 525 29 0.04

Au4 101.5 84.5 563 119 0.005

Ta ble 1. Agree ment among the o ret i cally cal cu lated val ues of av er -
age di am e ter of the par ti cles dtheor, ex per i men tally de ter mined av er -

age di am e ter dexp and max i mum of the ab sorp tion lmax.

Fig. 8. UV/vis spec tra of col loi dal so lu tions of Au1, Au2,
Au3  and Au4.
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Fig 7. Whole pro file mod el ing of dif frac tion pat tern of Au2 
us ing pro gram PM2000 [1-2].
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Fig 6. Mod i fied Wil liam son-Hall plot for A2. Line broad -
en ing caused by twinning was sub tracted from mea sured
in te gral breadths.
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