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Materials

Many of excelent properties
Usage: in many fields of common life, industry, medicine

For some application unsuitable



Surface modification
mechanical

physical
e.g. plasma, laser, UV, ...
chemical

(A) e.g. surface activation (Piranha solutions)

(B) and/or subsequent grafting of ..
(i) compounds of functional groups (PEG, aminoacids, -SH)
(ii) metal (Au, Ag) or C nanoparticles
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depending on the requirements, usage



Characterization methods

Chemical composition (spectroscopy me’rhods FTIR, UV-Vis, XPS AAS,

RBS, Raman, ...)
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Characterization methods
Wettability (goniometry)

Nanostructures size, lattice parameters (XRD)

Hardness and adhesion of deposited layers (nanoindentace)

Antimicrobial test (antibacterial test, inhibition of algae growth)
Cytocompatibility (cell adhesion and proliferation, cytotoxicity)

Magnetic properties
Surface area, porosity (adsorption/desorption isotherms)

Electrokinetic analysis (zeta potential - 2x, Ps x flat)



Electrokinetic potential ({-potential)

1) What is it and for what is it?

Important parameter for:
description of solid materials surfaces

Usage: food industry; automotive
industry; construction, engineering;
medicine

Planar samples (cellulose, glass, metals, textiles, ceramics, fibers, powders,
hair, tooth enamel, membranes, filters,...);

Characterization of un/modified solid substrates;

For stability of colloidal systems;

For study of ability/success of surface adhesions (cells, preparation of
nanomaterials, nanostructured materials, coatings, ...);

For wastewater treatment.



Electrokinetic potential ({-potential)

1) What is it and for what is it?
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Electrokinetic potential ({-potential)
2) How it is created?
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Electrokinetic potential ({-potential)

2) How it is created? mechanisms of the surface charge formation

(i) ionization of surface layers; detachment of (OH) x H* group, acceptance of H*,
... (is possible where there are some active functional groups on the surface)

(ii) preferential dissolution of a lattice ion in crystals of sparingly soluble salts in
contact with water;

(iii) preferential adsorption of one type of ion from an aqueous solution on the
initially uncharged surface of a solid, e.g. adsorption of either (OH) or H;O*
ions formed by the dissociation of water at the surface; (inert surfaces,
polymers, ..)

(iv) in the case of clay materials, isomorphic substitution of surface ions of higher
valence with ions of lower valence (e.g. Si** za Al?Y);

(v) by "accumulation” of electrons at the metal-solution interface

1 P. Hiemenz and R. Rajagopalan, The Electrical Double Layer and Double-Layer Interactions. In: Principles of colloid and surface chemistry,
Marcel Dekker, Inc., New York, 1997, p. 499.

2 J. K. Beattie, Lab. Chip, 2006, 6, 1409.

3 M. Kosmulski, Chemical Properties of Material Surfaces. Vol. 102, Marcel Dekker, Inc., New York, 2001.



Electrokinetic potential ({-potential)
3) How is it measured/determined?

Using electrokinetic methods:

-Electrophoresis

-Sedimentation potential

-Electroosmosis

-Streaming potential

-Streaming current

mechanicky pohyb
v dusledku potencialniho rozdilu

potencialni rozdil
v dusledku mechanického pohybu

For dispersions

pohyb ¢astic
v disperznim prostiedi

For planar samples
Fibers, powders

pohyvb kapalné faze
v kapilarach
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ELEKTROOSMOZA
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elektrokinetické ievﬂ

PROUDOVY POTENCIAL




Electrokinetic potential ({-potential)
4) Instruments for determination
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Electrokinetic potential ({-potential)
4) Instruments for determination
Electrokinetic analyzer SurPASS (Anton Paar, Graz, Rakousko)

suitable for {-potential determination of solids:
powders, fibers, planar samples
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Electrokinetic potential ({-potential)
Strongly depends on experimental parameters

¢ depends on many parameters surfaces under study, electrolytes.

Applied methods (electrophoresis, ... , streaming current, ...)
electrolyte (type, valence, concentration, T, pH, ...)

Sample surface (chemistry, polarity, roughness, morphology,
swelling, porosity, 50
chemical homogeneity, ...) 0]

{—0—PET
-40 4 —>—PTFE
{——PS
-504——HDPE
1—O—LDPE
-601—+—PLLA
1—¥—Upilex R

Zeta potential / mV

-80

llllllllllllllllllll

2:5 3.0 35 40 45 5.0 5.5 60 6.5 7.0
pH



Colloids stability
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Results Plasma modification (zeta x XPS)

PP PET PS  PE PTFE

=
b

A plasmajtreatment

PP PET PS  PE PTFE

Rezni¢kova, A.; Kolska, Z.; Hnatowicz, V.; Stopka, P.; Svoréik, V. Comparison of glow argon plasma-induced surface changes of
thermoplastic polymers. Nucl. Instrum. Meth. B 2011, 269, 83-88.
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Results
PET PTFE, PVF, PVDF, PS, HDPE, LDPE, PLLA

Characterization: zeta, XPS,
preferential orientation

PVF/CYST | 723 [14.0[4.0] 4. . ] [42] 22]70
PVDF pristine | 506 | 03 | -
PVDFlplasma | 555] 161 -
PVDF/CYST | 63.5 | 14.0[ 5.8
LDPE pristine | 996 | 04 | -

PTFE PET
Elements concentration [at %0]
Sample Angle 0[] Angle 81 ]
c J]o[s| F[N|[cJ]oO[S]F]J[N
PET pristine | 725 [ 275 - | - | - NA
PET/plasma | 670 [330] - | - | - NA
PET/CYST | 713 [21.2[32] - [43[753]185[29] - [33
PLLA pristine | 669 [33.1] - | - | - NA
PLLA/plasma | 617 [383] - | - | - NA
PLLA/CYST | 734 [219]18] - [29]757[188]25] - |31
PSpristime [ 1000] - [ -
= PS/plasma 883 | 117 -
= PS/CYST | 817 [123[31 . ]  IE [ 7.3
j— PTFE pristine | 332 [ - | -
3 PTFE/plasma | 443| 94| -
= PTFE/CYST | 51.6 [ 10.1] 6.0 . ] Jl43][220]8.2
] PVF pristine | 683 [ 04 | - NA
o PVF/plasma | 638[ 173 - NA
xz
k]
~

LDPE/plasma | 849 | 151 -
LDPE/CYST | 80.2 [14.0[21] - [37[792][113][44] - |51
HDPE pristine | 1000 - | - | - | - NA
-80 HDPE/plasma | 796 [204] - [ - | - NA
- I pristine HDPE/CYST | 77.9 [151 [3.0] - [4.0]|768]138[45] - [50
- plasma Kolska, Z.;: Reznitkova, A.; Nagyova, M.; Slepickova Kasalkova, N.; Sajdl, P.; Slepicka, P.; Svorgik,

- plasmaj’(’_‘."{'ST V. Plasma activated polymers grafted with cysteamine improving surfaces cytocompatibility. Polym.
Degrad. Stabil. 101: 1-9, 2014

=70




C C-NH: C-CONH(CH:);NH:
ReSUI.rS Velikost povrchu 105045 m¥/g | 52092 mi/g 33.140 m¥/g
Celkovy objem pori | 2.3593 mlg | 1.0253 mllg 0.1678 ml's
Pristine C ED DET TET TAE TMAE Trostova, S.; Stibor, |.; Karpikova, J.; Kolska, Z.; Svoré&ik, V. Characterization
of surface chemical modified carbon nano-particles. Mater. Lett. 102: 83-86,
2013
Surface area (m? g!)
R-NH
— ‘COOH —_— cocl | ——> -
1058.9 742 1565 386.1 1504 81.4 ® [‘ } @
Pore volume (cm® g1) o ‘coimﬂ/—\N "
0.602 0.154 0.264 0.420 0.349 0.169
H,N
Zeta P“tenﬁal (]:I’IV) DET ‘co-rfu_ \H/_ku-l2 + .—co —Nj
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’ 3 HN
2 y= NN j
X .} L yE T @ W w4 ® - 4"]
z\ = o = = HN
T . _/ ]
5 = M\ HN
° o Z T £ 5. z
| g 7 i .
” ] TAE .—co_NH I/\NHZ
K/Nj
H,N
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P. Zakova, Z. Kolska, J. Leitner, J. Karpigkova, . Stibor, V. Svorgik. Character|zation I'm|l/
of functionalized carbon nanoparticles. Mater. Sci. Eng. C. 60: 394-401, 2016. CH,
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Clenove tymu a vybaveni

Vedouci skupiny: Petr Rysanek, Ph.D. (petr.rysanek@uijep.cz)
profesor: prof. RNDr. Pavla Capkova, Ph.D.
Doktorandi: Mgr. Jakub Hoskovec, Mgr. Michal Syrovy
Studenti NMgr. Bc. Eliska Slanhofovd, Bc. Jakub Doubek

Laboratorni pfistroj pro pfipravu nanovldkennych materidl( Testery vzdusné a kapalinové propustnosti

DBD plazmovaci jednotka pro aktivaci povrchl Pfistroj pro testovani mechanickych
vlastnost

Sdilené pfistroje: XRD, XRF, XPS, hybridni zvlakiovani



Co umime

Zvlaknované polymery:

PA6: PAG6,6: PS; PVA:; PVDF; PCL: AC: Chitosan;
PUR; PAN; mozno i jiné

Moznosti zvlaknovani: jehla, vice jehel, koaxialni jehla, pojizdna jehla,
bezjehlové zvlaknovani z hrany

Kolektory: planarni, rotaCni valec, rotacni cévni, previjeci kolektor

r'r(((((

INOSPIN

Moznost upravy teploty a vihkosti ve zvlaknovaci komore - tvorba
poréznich viaken

Acetat celulézy



Nové zarizeni od roku 2026

Elmarco NS1WS500U Nanospider

poloprovozni zarizeni

zvlaknovani ze struny, Sife pasu
nanovlaken 50 cm

vhodné pro produkci velké mnozstvi
nanovlakenného materialu




Zamereni vyzkumu

Optimalizace procesu eletrospinningu pro ruzné druhy polymert a studium
vlivu parametru zvlaknéni na strukturu a vlastnosti pfipravenych nanovlaken

Priprava antibakterialnich nanovlakennych membran pro filtrace vzduchu
Uprava povrchovych vlastnosti nanovlakennych membran
Priprava smart textilii pro likvidaci polutantu
Priprava nanovlakennych membran pro zachyt a separaci plynu (H,, CO,)

Vyvoj novych separatoru pro Li baterie

Publikace: 20 odbornych ¢lanku zamérenych na vyzkum nanovlakennych
materialu

2 patenty, 2 uzitné vzory



Dalsi vyzkumné plany

Vyuziti nasorbovaného vodiku - vodikova mobilita, ulozeni energie
Nanovlakna pro likvidaci polutantt (voda, vzduch)
Nanovlakna pro boj s antibiotickou rezistenci
Nanovlakna pro vyuziti v katalyze a fotokatalyze

Moznosti spoluprace

Pfiprava nanovlakennych materialtu pro vase aplikace
Modifikace nanovlakennych materialt pro rizné funkce
Analyza pevnych latek (XRD, XRF, digitalni mikroskopie)



CENAB - Centre for Nanomaterials
and Biotechnology




SYNTHESIS

(1) Study of the interaction of nanomaterials with cells or
biological models and their use for targeted drug delivery

Nanomaterials can be used as effective therapeutics, as
vectors in targeting therapy and for improving the

biodistribution of drugs

Study of wide range of nanomaterials (polymers, .-

nanocrystals, nanogels, dendrimers) infended for medical e PETER )
. . . . . . (AT  MORT] 7| cek - B)

applications and their inferaction with cells or cell models i) s

in vitro MCF7 - G,-iph-0EG-Gal,

The aim of the study is to describe the behavior of cells
and cell models in ferms of morphology, viability, changes
in gene and protein expression, proliferation and
differentiation after interaction with nanomaterial

Complexity of biological model




Research topics - biotechnology

(2) Exosomes as natural nanovesicles in intercellular

communication and their biotechnological and % J

biomedical applications — ;ﬁmm >§ |
Exosomes are lipid nanovesicles arising from the Ny
plasma membrane of cells - they are important G & & o i
indicators of physiological and pathological processes ... i
of the organism and individual cells. - —_— —

Exosomes have a significant effect as diagnostic
markers and af the same time can affect, for
example, the development of metastases in cancer or
the progression of degenerative changes

Exosomes have an enormous biotechnological and
biomedical potential (diagnostics, drug delivery,
immunomodulation, vaccines, regeneration medicine,
cosmetics etc.)




Types of extracellular vesicles/exosomes

we work with at CENAB

Mammalian cells Plants
= >, { ™\
2D cell 3D cell Tabacco plant (or other type of plants)
culttres IR cultures - .
Cancer cells Cancer = h'f' S
(MFC-7, spheroids A TN
GAMG, v W
HEK293 etc.
1 , callus
Stem cells 1 ) > suspension
(hMSCs) By ‘ 1000009 culture
Exosomes 100 000 g *\ L \ Exosomes
Microvesicules &;\ Microvesicules
size 200-1000nm size 200-1000nm
/-i \ . é “)
(S : —
Cancer cells — &
(MFC-7) =

\ / \ ———— |







Basic preparation of substrates for  20ining flat substrates Production of chrome masks for UV Production of chrome masks
subsequent lithographic processes Closure of microfluidic channels photolithography Au/Pt deposition during
Stacking of substrates Preparation of microfiuidics or so-called hard gjectrode construction
Hot embossing of polymeric masters from SU-8 photoresist Sample preparation for SEM
materials Preparation of masks for DRIE

SEM/FIB-SEM imaging
EBL and FIB lithography processes lithographic processes

3D tomography hing of final inly into ilicon (MEM
Preparation of TEM slides ET; MIE& g) inal structures mainly into silicon (MEMS,

Creation of so-called hard masters for soft-

Replicating patterns on substrates through a chrome mask
Stacking of substrates and preparation for bonding
processes

Soft-lithographic processes (UV-NIL)



Nanovlakna — dr. Petr Rysanek
(CENAB PrF UJEP)

Bio(nano)technologie — dr. Jan Maly
(CENAB PrF UJEP)

Dalsi charakterizace —

doc. M. Kormunda, dr. A. Jagerova

(XPS, AFM, elipsometrie, vznosovy plasma
reaktor, magnetronoveé naprasovani)

(KFY PFF UJEP)

Dalsi vyzkum a analyticke vybaveni —
FZP UJEP, dr. Sylvie Krizenecka, doc. J. Orava
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Organizator: Ceska (a Slovenska) spole¢nost chemicka: (https:/csch.cz/; https://schems.sk/)
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