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CdS nanoparticles are semi con duc tors with a band gap
about 2.5 eV and hav ing photocatalytic prop er ties for re -
duc tion of CO2. CdS oc curs in two dif fer ent crys tal struc -
tures (i) as hex ag o nal greenockite struc ture and (ii) cu bic
hawleyite struc ture. Nanostructured II-IV semi con duc tors
such as CdS pos sess prop er ties that make them very pho to -
sen si tive ma te ri als. It is well known that the most of the
prop er ties strongly de pends on the size and shape of
nanoparticle [1]. Prep a ra tion of CdS nanoparticles was
done in [2] by re ac tion of cad mium ac e tate and so dium sul -
phide in pres ence of cetyltrimethylamonium bro mide
(CTAB). CTAB mol e cules were used to con trol the di am e -
ter of CdS nanoparticles and to pre serve their photo -
catalytic prop er ties [3].

Mont mo ril lo nite (MMT) is widely used clay min eral in
many branches of in dus try for ap pli ca tions like the in ter ca -
la tion pro cesses, sorp tion, fill ers to poly mers, photo -
luminiscence, ca tal y sis and car ri ers [4]. In this case  MMT
was used as host ma trix for ad sorbed CdS nano particles on
its surface.

Our work is fo cused on de scrip tion of mu tual ar range -
ment of CdS nanoparticles with CTA+ alkylamonium
chains and MMT as well as the cal cu la tion of in ter ac tion
en er gies be tween each part of these com po nents by mo lec -
u lar sim u la tions meth ods. These meth ods are de rived on
the pa ram e ters ob tained from ex per i men tal mea sure ments
and re sul tant cal cu lated mod els and their prop er ties are
com pared with ex per i men tal data to obtain the best
agreement between them.

Nanocluster of CdS in the shape of sphere with ra dius 2
nm was cre ated for both greenockite and hawleyite struc -
ture based on their crys tal lo graphic data. These nano -
clusters were sur rounded by var i ous amounts of op ti mized
CTA+(10-100, with step of 10 CTA+) in the form of mono -
layer and bilayer ar range ment. The op ti mized alkyl -
amonium chains of CTA+ were placed per pen dic u lar to the
sur face of CdS nanoparticle. The ge om e try of mi celles
con sist ing of CdS nanoparticle and CTA+ for monolayer
and bilayer ar range ment with out wa ter mol e cules were op -
ti mized in Uni ver sal force field. The charges of CdS for
both greenockite and hawleyite nanoparticles were cal cu -
lated by the QEq method [5]. The op ti mized mi celles were
sur rounded by wa ter en ve lope in the form of sphere layer
which con sist of 1000 wa ter mol e cules and then whole
struc ture was placed above MMT surface and optimized.

In ter ac tion en er gies be tween CdS nanoparticle, CTA+ ,
MMT sur face and wa ter were cal cu lated for each op ti -
mized model. Com par i son  of sub li ma tion en er gies for
mono layer and bilayer ar range ment of CTA+ mol e cules
was done.  Based on this com par i son we sug gested that for
larger amount of CTA+ mol e cules (>30) bilayer ar range -
ment is pre ferred. Ob tained ex per i men tal and mo lec u lar

sim u la tion re sults con firmed that CTA+ mol e cules are able
to ef fec tively sta bi lize CdS nanoparticles form ing col loi dal 
dis per sions and that the size of CdS nanoparticles can be
con trolled by the CTA+ con cen tra tion. More over com par i -
son be tween CdS and ZnS nanoparticles [6] prepared by
the same methods was done.
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Fig ure 2. CdS nanoparticle with 100 CTA+ mol e cules in form of 
bilayer de pos ited on MMT sur face and sur rounded by wa ter en -
ve lope.

Fig ure 1. CdS nanoparticle with 40 CTA+ mol e cules in form of
bilayer ar range ment.
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Monolithical in te gra tion of dif fer ent ma te rial lay ers is in -
creas ingly re quired dur ing fab ri ca tion pro cess of mod ern
semi con duct ing op ti cal and electronical de vices. Keep ing
heterostructures strain and de fect free is of course one of
the con di tions for proper func tion al ity of de vices and it
could be prob lem atic when ma te ri als with dif fer ent lat tice
pa ram e ters and dif fer ent co ef fi cients of ther mal ex pan sion
are matched. Epitaxial growth of layer on a sub strate,
which lat tice pa ram e ter does not match with the lat tice pa -
ram e ter of the layer, usu ally leads to a cre ation of mis fit and 
thread ing dis lo ca tions aris ing from the in ter face. Dif fer ent
co ef fi cients of ther mal ex pan sion of the layer and sub strate
causes bow ing or even cracks of the heterostructure, when
its tem per a ture changes.

A prom is ing method of deal ing with those ob sta cles in -
volves pat tern ing of the sub strate into a pe ri odic ar ray of
pil lars and a de po si tion with rel a tively high de po si tion rate
[1]. The re sult ing heterostructure con sists of sep a rated
microcrystals grown on the top of each sub strate pil lar, see
Fig. 1. Dis lo ca tions cre ated at the in ter face of layer and
sub strate are lo cal ized only at the bot tom part of
microcrystals be cause of high aspect ratio of microcrystals.

In this work, we have stud ied se ries of sam ples of Ge
microcrystals de pos ited by Low-En ergy Plasma-En hanced 
Chem i cal Va por De po si tion (LEPECVD) on a Si sub strate, 

which was pat terned into the rect an gu lar ar ray of 8 mm tall
square based pil lars us ing con ven tional photo lith ogra phy
and deep re ac tive ion etch ing. The stud ied sam ples dif fered 

in the latteral size of Si pil lars vary ing from 2 mm  to 15 mm, 
and in the size of the trench be tween two neigh bour ing Si

pil lars vary ing from 1 mm up to 50 mm for dif fer ent sam -
ples.

For the anal y sis, we have used home as sem bled dif -
fractometer with a Cu X-ray tube equipped with a Göbel
par a bolic graded multilayer mir ror and a 4-bounce
Ge(220) crys tal mono chro ma tor, pro vid ing Cu Ka1  ra di a -
tion on the in ci dent beam, and an an a lyzer crys tal on the
dif fracted beam in or der to per form high res o lu tion X-ray
dif frac tion mea sure ments us ing re cip ro cal space map ping

around sym met ri cal (004) and asym met ri cal (224) dif frac -
tion. 

We have proved by an a lyz ing dif frac tion peak po si -
tions and their in ten sity that the Ge form ing microcrystals

is com pletely re laxed up to the lat eral size of 9 mm whereas
the Ge de pos ited into the trenches is ten sile strained.

In or der to in ves ti gate the de pend ency of the Ge layer
crys tal qual ity on the struc ture pa ram e ters of the sub strate
pat tern ing, we have an a lyzed Ge dif frac tion peak half-
 widths as well. We have found that the ther mal strain plays
a dom i nant role in the dif frac tion peaks broad en ing. The
dif frac tion peaks are nar row ing with de creas ing trench size 
prob a bly due to the re duc tion of the ar eas of the Ge
microcrystals ex tend ing Si pil lars. The sam ples with 5 ×

5 mm2 sized Si pil lars ex hibit the most sig nif i cant lat tice
bend ing from all of the mea sured sam ples.
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Fig ure 1. Per spec tive view SEM mi cro graph of 3 mm tall Ge

microcrystals grown on Si sub strate with 8 mm tall and 9 mm wide

pil lars, spaced by 3 mm gaps.
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This work de scribes a prep a ra tion and char ac ter iza tion of
nanoparticles of iron(III) ox ide sub sti tuted with scan dium
em bed ded in sil ica ma trix. The nanoparticles were pre -
pared by the con ven tional sol–gel method yield ing mostly

b-Fe2O3 sub sti tuted with var i ous amount of scan dium(III)
ions.

Mossbauer spec tros copy was car ried out to de ter mine
the con tent of other iron ox ides phases. Sys tem was char ac -
ter ized by mag netic mea sure ments. Pow der X–ray dif frac -
tion was used to ver ify the com po si tion and to de ter mine
the lat tice pa ram e ter and particle size. 

b-Fe2O3 is formed at the tem per a tures of 1000 and 1100 

°C at com po si tion Fe2-xScxO3 for x £ 0.2 and at tem per a ture 

1100 °C for x = 0.1. Af ter an neal ing at 900 °C, b-Fe2O3 is
formed in the sam ples with x = 0.6. At tem per a tures higher

than 1250 °C, b-Fe2O3 is trans formed into he ma tite. This

tem per a ture is sig nif i cantly higher than tem per a tures given 
in lit er a ture (600-700 °C) [1],[2]. 

Lat tice pa ram e ter of b-Fe2O3 is lin early de pend ent on
the scan dium con tent and de pends also on the an neal ing
tem per a ture. Par ti cles size in creases with in creas ing an -
neal ing tem per a ture. Low tem per a ture Mossbauer spec -
tros copy shows a de pend ence of the block ing tem per a ture
on the scan dium con cen tra tion due to weak en ing of the ex -
change in ter ac tions by the sub sti tu tion of iron by dia mag -
netic scan dium ions. 
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Ma te ri als based on co balt ox ides have at tracted great in ter -
est in the pro duc tion of elec tronic thin films, het er o ge neous 
cat a lysts, and gas sen sors. In this work we stud ied the for -
ma tion and struc tural char ac ter iza tion of highly (111) - ori -
ented Co3O4 (cu bic spinel struc ture) films pre pared by
novel pro ce dure from (001) - ori ented lay ered so dium
cobaltate NaxCoO2. The NaxCoO2 films ex hib its self-tex -
ture growth with crys tal lo graphic c-axes per pen dic u lar to
the film plane in de pend ently of sub strate used for de po si -
tion.

The NaxCoO2 films with dif fer ent con tend of so dium
were de pos ited on sin gle crys tal and ce ram ics sub strates by 
chem i cal so lu tion de po si tion (CSD) and crystalized by an -
neal ing at tem per a ture of 700 °C. Sub se quently, the (111) -

ori ented Co3O4 films were ob tained dur ing post- growth
an neal ing at the tem per a ture of 900 °C. Films were mainly
char ac ter ized by X-ray dif frac tion, scan ning elec tron mi -
cros copy (SEM), and atomic force microscopy (AFM).

The Co3O4 grows (pseudo)epitaxially with the epitaxial 

re la tion Co3O4 (111)[-121] // a–Al2O3 (0001)[10-10] as

de ter mined from j scan and pole fig ure mea sure ments.
The de gree of pre ferred ori en ta tion ob served in Co3O4 de -
pends on the con tent of Na in start ing NaxCoO2 phase.
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