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The re search in fra struc ture NanoEnviCz in te grates Czech
sci en tific in sti tu tions and uni ver si ties re nowned for com -
plex in ter dis ci plin ary re search into broad range of nano -
materials and nanotechnologies.  The ac tiv ity of the RI is
fo cused on the re search in the field of nanomaterials, sur -
faces  and nanocomposites for en vi ron men tal and re lated
ap pli ca tions in clud ing 1) the con trol la ble syn the ses; 2)
com plex chem i cal, struc tural, mor pho log i cal and sur face
char ac ter iza tion; 3) tun ing their func tional prop er ties; 4)
mon i tor ing their po ten tial tox ic ity and haz ard; 5) de vel op -
ing their ap pli ca tion in ad vanced tech nol o gies. The RI
forms an ef fi cient mul ti pur pose plat form both for the part -
ners of the pro ject as well as for the ex ter nal us ers from ac a -
de mia, in dus try, and gov ern ment or ga ni za tions. The RI is
de signed as a plat form pro vid ing com plete ser vices in the
R&D and open ing ac cess to the unique equip ment and the
state of the art meth od ol ogy for us ers both from ac a de mia
and in dus try, in ev i ta ble for the ac com plish ment of pri or i -
ties of the na tional strat e gies of sup port to R&D&I and for
the com pet i tive ness of the Czech sci ence. The re search
ser vice of fered by Uni ver sity J.E. Purkynì un der the
pro ject NanoEnviCz in the field  nanomaterials and
nanotechnology sum ma rized as fol lows: 

• Plasma de po si tion of nanolayers, nanoparticles and
nanofilms (metal ox ides, poly meric ma te ri als, com -
pos ites) us ing plasma re ac tors in var i ous con fig u ra -

tions in clud ing fluid-bed re ac tor for plasma
treat ment of pow ders; 

• Com bi na tion of plasma and chem i cal method for
functionalization of sur faces(for cat a lytic, photo -
catalytic and sensoric ap pli ca tions and for tis sue en -
gi neer ing); 

• Char ac ter iza tion of thin films and sur faces – electro -
kinetic mea sure ments, zeta po ten tial, XPS spec tros -
copy for sur face chem is try;

• Syn the sis of nanoparticles (metal ox ides and mixed
ox ides, doped and mod i fies metal ox ides nano -
particles) us able as photocatalysts and re ac tive
sorbents for deg ra da tion of highly toxic pol lut ants
in clud ing nerve gases, pes ti cides, cytostatics etc…

• Syn the sis of dendrimeric nanostructures for med i cal
ap pli ca tions - drug car ri ers and biosensing me dia;

• De vel op ment of biosensors for fast and cheap anal y -
sis of body flu ids - de tec tion of tu mor cells. 

• Char ac ter iza tion and test ing of poly meric nano -
fibrous ma te ri als

• Mi cro bi o log i cal lab o ra tory – test of an ti bac te rial ac -
tiv ity a cell ad he sion for tis sue en gi neer ing

• Com plex an a lyt i cal lab o ra tory for en vi ron men tal ap -
pli ca tions

For more de tails see:  www.NanoEnviCz.cz
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Poly mer nanofibers are used in wide range of ac tiv i ties in
ev ery day life, such as: fil tra tion [1], pro tec tive clos ing,
pharmaceuticals [2], etc. Due to very small size of pores,
these nanofiber in the form of nanotextile are widely used
as nanofilters [3]. These nanofilters can cap ture bac te ria [4] 
and also some kind of vi ruses [5]. 

The most ver sa tile method for nanofiber prep a ra tion is
electrospinning. The in dus trial ap pli ca tion of electro -
spinning is Nanospider tech nol ogy, which can pro duce
nanotextiles in high amounts. 

We have stud ied two rep re sen ta tives of poly mers (ny -
lon 6, polyvinylidene flu o ride (PVDF)) which are used as
nanofilters. By one step syn the sis we have pre pared an ti -
bac te rial nanofilters by add ing an ti bac te rial agents to the
so lu tion for electrospinning. We have cho sen chlor -
hexidine (CHX), 1-dodecyltrimethylammonium bro mide
(DTAB) and benzyltrimethylammonium bro mide (BTAB)
for mod i fi ca tion of ny lon 6, and only DTAB for mod i fi ca -
tion of PVDF. We fo cused our re search on struc ture de ter -
mi na tion of pris tine nanotextiles and on struc tural changes
af ter the mod i fi ca tion by an ti bac te rial agents. We have also 



stud ied sur face chem is try of the sam ples, an ti bac te rial
prop er ties and with the help of mo lec u lar mod el ing the
interactions between polymer and the antibacterial agent.

Nylon 6
Struc ture of ny lon 6 poly mer is very well known. It was re -
solved that ny lon 6 is poly mor phic and has two crys tal
struc tures: al pha form which was de scribed by Brill [6] and 
Holmes [7] and gamma form which was de ter mined by
Holmes [7]. Both struc tures are monoclinic and dif fer from
each other by den sity and ar range ment of poly meric
chains. 

It is known that the electrospinning prep a ra tion of ny -
lon 6 nanofibers leads to three struc tural phases: al pha,
gamma and amor phous phase of ny lon 6. The de pend ence
of ny lon 6 struc ture on the Nanospider ar range ment was in -
ves ti gated. It has been de ter mined, that the phase com po si -
tion of ny lon 6 nanofibers (i.e. the con tent of al pha, gamma
and amor phous phase) de pends on elec trode dis tance. In
our pre vi ous work the core-shell struc ture model has been
sug gested, based on com bi na tion of XRD and XPS mea -
sure ments [8]. The fi bers ex hibit also very strong texture in 
direction (010). 

Af ter the mod i fi ca tion by an ti bac te rial agents, there has 
been sig nif i cant change of the phase com po si tion of ny lon
6 in the case of mod i fi ca tion by CHX and BTAB. The rep -
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Fig ure 1. Dif frac tion pro file for pure PA6 (top) and for mod i fied
PA6/CHX (bot tom). Cal cu lated pro files for a phase of PA6
(green) and g phase of PA6 (red) are shown.

Sam ple   a phase [wt. %]  g phase [wt %]

PA6 64 ± 5 36 ± 5

PA6/DTAB 67 ± 5 33 ± 5

PA6/BTAB 54 ± 5 46 ± 5

PA6/CHX 54 ± 5 46 ± 5

Ta ble. 1: Phase com po si tion of in ves ti gated sam ples.

Fig ure 2. XRD di a grams of pow der and nanotextile PVDF.
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re sen ta tive dif frac tion di a grams of pris tine ny lon 6 and ny -
lon 6 mod i fied by CHX are on Fig ure 1.The re sults of
phase com po si tion are in Ta ble 1. Mod i fi ca tion also caused 
smoother and broader dif frac tion pro files, which in di cated
lower crystallinity and smaller crystalline domains in
modified samples.

PVDF

Struc ture of PVDF has been also stud ied [9, 10]. PVDF is a
semicrystalline poly mer with 5 pos si ble con for ma tions
[11]. We have stud ied the changes of struc ture of the poly -
mer af ter the electrospinnig pro cess and also af ter the mod -
i fi ca tion by an ti bac te rial agent. For mod i fi ca tion of PVDF
we have cho sen only DTAB, be cause it had the best an ti -
bac te rial prop er ties. Typ i cal dif frac tion di a grams of poly -
mer pow der and nanotextile are on Fig ure 2. It is ev i dent,
that the al pha phase of PVDF is dom i nant in pow der pris -
tine poly mer. For nanotextile there are smaller crys tal line
do mains and pos si ble phase trans for ma tion from al pha to
al pha - beta phase mix ture. 
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Semi con duct ing metal sul phide (MS) nanoparticles (NPs)
and their superlattices are in the fo cus of nu mer ous re -
searcher groups since years. These NPs are rel a tively easy
to pre pare and ex hibit in ter est ing size-de pend ent  elec tri -
cal, op ti cal, and chem i cal prop er ties which make them at -
trac tive for var i ous ap pli ca tions [1]. They are used in

sen sor, biomedicine, and op to el ec tronic ap pli ca tions.
Particulary, MS NPs can be used to en hance the en ergy
con ver sion in or ganic so lar cells [2]. Con trol over the NPs
size uni for mity, their shape, and dec o ra tion by or ganic
ligand shell is im por tant for their ef fec tive em ploy ment.



Fur ther en hance ment and scal ing up of the NPs prop er -
ties can be achieved by their as sem bly into superlattices. Of 
par tic u lar im por tance is the ques tion whether NPs as sem -
ble ran domly with re spect to their atomic planes or along a
cer tain di rec tion of the atomic lat tice, and what fa cil i tates
such iso-ori ented at tach ment. Superlattices con sist ing of
iso-ori ented, sin gle-crys tal line NPs, so called mesocrystals 
[3], have po ten tial for ap pli ca tions as photonic crys tals,
mag netic stor age me dia, and in tech ni cal de vices where
large stiff ness in combination with high elasticity is
desired.

In the talk, we re port on two X-ray small an gle scat ter -
ing (SAXS) stud ies of NPs for ma tion [4] and NPs or der ing
into mesocrystals [5], re spec tively. In the first study, we
ap plied trans mis sion SAXS in real-time dur ing growth of
ZnS NPs. The NPs were formed by re ac tion of zinc chlo -
ride with el e men tal sul phur dis solved in oleylamine at tem -
per a tures 170 °C and 215 °C, re spec tively. We have
sim u lated the time-de pend ent SAXS pro files by a model
con sid er ing spher i cal ZnS NPs core dec o rated by or ga -
nized shell of oleylamine mol e cules, i.e. core shell par ti -
cles, which in ter act via the sticky hard-sphere po ten tial.
The SAXS anal y sis al lowed for char ac ter iz ing in flu ence of 
tem per a ture, re ac tion time, and sul phur con cen tra tion on
NPs struc ture. In the sec ond study, we use graz ing in ci -
dence SAXS (GISAXS) to in ves ti gate or der ing of PbS
nano-crys tals functionalized with oleic acid in meso -
crystals. The mesocrystals were pre pared by dry ing from
hex ane dis per sion of NPs (0.5 mg/mL) on elec tron mi cros -
copy grids and Si 001 sub strates. In both stud ies, the SAXS 
anal y sis is com bined with X-ray dif frac tion char ac ter iza -
tion, to study the metal sul fide lat tice of NPs core, and elec -
tron mi cros copy tech niques to ob tain mi cro scopic im ages
of NPs and their or der ing. Ad di tion ally, for PbS
mesocrystals, se lected area elec tron dif frac tion (SAED) is
used to get insight into alignment of lattice of PbS
nano-crystals with the NPs supper-lattice orientation.

For the ZnS NPs, the real-time in situ SAXS mea sure -
ments re veal that the ini tial nu cle ation of the NPs oc curs in
re versed mi celles, which dis ap pear when the NPs start to
grow. Af ter a rapid ini tial growth phase, the NPs’ growth
slows down af ter about 30 min of the re ac tion. Higher re ac -
tion tem per a ture or higher sul phur con cen tra tion leads to
larger nanoparticles and stron ger at trac tive po ten tial be -
tween them. By chang ing the mo lar ra tio of sul phur to zinc

salt from one to five in the ini tial so lu tion, the par ti cle size
in creases from 2.4 to 3.9 nm. An or ga nized oleylamine
ligand shell ap pears around NPs af ter their size ex ceeds
cer tain crit i cal di am e ter which is around 2.8 nm. The thick -
ness of the shell is about 2.6 nm which matches well with
the length of an oleylamine mol e cule. The polydispersity
of NPs is around 30 % and it is independent on the
employed reaction conditions.

For the mesocrystals formed of PbS nano-crys tals
functionalized with oleic acid, we ob serve body-cen tered
tetragonal (BCT) superlattice of cuboctahedral NPs. The
latice paratmers of the BCT NPs superalttice are a = b =
10.7 nm and c = 12.8 nm for NPs av er age di am e ter of 6.3
nm. The NPs superlattices are ori ented with [011]SL and
[001]SL zone axes par al lel to the sam ple sur face nor mal for
thin ner (i.e., few NPs lay ers) and thicker NPs films. By
com par ing  scan ning trans mis sion elec tron mi cros copy im -
ages of the superalttice and the SAED of the nano-crys tals’
PbS lat tices we con clude that the PbS lat tice planes
{100}PbS are par al lel to the {100}SL planes of the NPs
superlattice. At the same time, the PbS nano-crys tals are
ori ented with [011]PbS zone axis par al lel to the sam ple nor -
mal, i.e. par al lel to the [011]SL superlattice zone axis for
thin ner films. We ex plain for ma tion of the BCT lat tice and
the align ment of the nano-crys tal lat tice with the
superlattice of the NPs by fa vour able mu tual in ter ac tion of
nano-crys tals’ fac ets cov ered with ligand where forces be -
tween neigh bour ing {100}PbS -{100}PbS and {111}PbS

-{111}PbS facets are balanced.
In both stud ies, SAXS has cru cial role for char ac ter iza -

tion of NPs and their superlattices and the em ploy ment of
the scat ter ing tech nique for these kind of ma te rial sys tems
will be high lighted in the talk.
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