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Currently applied active materials in phase-change
memories are generally Te based. However, research effort to
improving current materials or develop new ones still contin-
ues, e.g. due to introduction of short wavelength lasers or
optics with high numerical apertures.

Thin amorphous (Ag)-Sb-S films were prepared by ther-
mal evaporation (TE) of Sb-S bulk sample and optically in-
duced diffusion and dissolution (OIDD) of Ag into these thin
Sb-S films. This procedure allows us to obtain sets of samples
with particular Sb:S ratio and increasing content of Ag.

Crystallization behavior of deposited thin films was
tested via Ar' ion laser irradiation. Deposited thin films and/
or dot laser exposures were characterized by Energy Disper-
sive X-Ray analysis coupled with Scanning Electron Micro-
scope (composition, chemical homogeneity, surface morphol-
ogy), UV-Vis-NIR Spectroscopy (optical properties, thick-
ness), X-Ray Diffraction (crystallinity) and Differential Scan-
ning Calorimetry (thermal properties). Dot laser exposures are
moreover characterized by transmission optical microscopy
and local measurement of optical transmission.

Influence of composition and Ag content on optical and
thermal properties and namely on laser induced crystallization
processes are determined. Crystallization behavior of pre-
pared thin films was described and discussed.

The authors thank to Ministry of Education, Youth and Sports
of the Czech Republic (Research Centre LC 523 project, pro-
Ject MSM 0021627501).
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Vyvoj novych materidli se schopnosti inhibovat rtst
bakterii je v soucasné dobé jednou z velmi zkoumanych ob-
lasti. Sirokou $kalu tvoii antibakterilni slouéeniny kotvené
na pevné nosice, jako jsou napf. mesoporézni silika, hydro-
xyapatity nebo také jilové mineraly.

Vyznamnou vlastnosti jilovych mineralt je schopnost
modifikace jejich vrstevnaté struktury pomoci procesu interka-
lace. Vermikulit je vysoce nabity vrstevnaty fylosilikat, jehoz
strukturu tvoti tetraedrické (zakladem tetraedru je [SiO, ], cent-
ralni atom Si*'mizZe byt nahrazen AI’") a oktaedrické sitd
(centralnim atomem je prevazné Mg") typu 2:1 spojené po-
moci bazalnich kysliki.

Antibakteridlni organické slouceniny kotvené na jilové
mineraly a tim tvofici tzv. organojily, maji oproti anorganic-
kym slouceninam'? jednu velkou vyhodu, a to je organofilici-
ta, ktera zajiStuje lepsi adhezi a tim i vyhubeni bakterii.

Chlorhexidin diacetat (CA) je kationovd povrchové
aktivni latka vyznacujici se vysokym antibakteridlnim ucin-
kem.

NH NH NH _NH NH NH
T e 2CHO
NH NH NH NH
Cl Cl

Chlorhexidin diacetat (CA)

Pfedmétem studia je kotveni CA na jilovy mineral ver-
mikulit za vzniku antibakteridlniho organovermikulitu. Nase
pfedesla prace pojedndva o ptipravé takového materialu
s vyuzitim Na-vermikulitu a popisuje pfedevsim antibakterial-
ni chovéani vii¢i vybranym kmentm bakterii’. Nyni byly pfi-
praveny nové série antibakteridlnich organovermikulitl
s vyuzitim CA. Jako nosice byly pouzity modifikované formy
Zn(I), Cu(Il) a Ag(l) vermikulitu, které samy o sobé vykazo-
valy antibakterialni aktivitu. Ta byla stanovena na vybranych
kmenech bakterii E, faecalis, E. coli a P. aeruginosa.

Autori dékujj Grantové agenture CR za finanéni podporu
(projekt GACR 205/08/0869).
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Jednou z vyznamnych vlastnosti nékterych chalkogeni-
dovych skel je vysoka iontova vodivost, ta je zajimava jak
z fyzikalné-chemického hlediska, tak i z hlediska potencial-
nich aplikaci. V této praci byla studovéna iontové vodiva
chalkogenidova skla systému Lil-Ga,S;-GeS,. Dvé tady skel,
prvni o slozeni xLil-xGa,S;-(100-2x)GeS,, kde x= 15, 20 a 25
a druha o slozeni 20Lil-xGa,S;-(80-x)GeS,, kde x= 0, 5, 10,
15 a 20. Skla byla ptipravena piimou syntézou z prvki a iodi-
du lithného polovodicové Cistoty. Z divodu citlivosti iodidu
lithného a pfipravenych skel na vzdusnou vlhkost byly vSech-
ny operace provadény bud v glove boxu, sond¢
s kontrolovanou atmosférou ¢i specialnich kyvetach. Slozeni
skel nebylo zvoleno ndhodné. Prvni fada skel byla analogicka
k diive studovanym sklim' systému Agl-Ga,S;-GeS,, druhd
fada byla pfipravena pro sledovani vlivu Ga,S; na vlastnosti
skla. Hlavni motivaci studie téchto skel je srovani jejich elek-
trickych vlastnosti s dfive studovanymi skly. Elektrické vlast-
nosti byly studovany metodou impedanéni spektroskopie
a metodou potenciostatické chrono-amperometrie. Pficemz
impedanéni spektroskopie poskytla informace o celkové vodi-
vosti a potenciostatickd chrono-amperometrie informace
o vodivosti elektronové (resp. dérové). Vodivost skel v fadé
s proménnym obsahem Lil i Ga,S; rostla s jejich obsahem
a byla vy$si nez u analogickych skel obsahujicich stiibro.
Rada s proménnym obsahem Ga,S; nevykazala z pohledu
vodivosti jednotny trend. Pro lep$i porozuméni vlastnotim
studovych skel, byla skla studovana dal$imi metodami. Skel-
ny stav byl ovéfen metodou XRD, nékteré strukturni jednotky
studovanych skel byly ureny z dat ziskanych Ramanouvou
spektroskopii a tepelné vlastnosti byly studovany metodami
DSC a MDSC.

Autori dékuji Ministerstvu Skolstvi, mladeze a télovychovy
Ceské republiky MSM0021627501 a Vyzkumnému Centru
LC523 Univerzity Pardubice za jejich financni podporu.
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Glasses are non-crystalline materials with immense
technological importance. Many glassy materials contains
nanostructures and essentially are nanomaterials'. Chalco-
genide glasses are interesting materials with unique proper-
ties, which have found plenty of applications®. For example
their optical and electrical properties are used in nanotechnol-
ogy for construction of memory devices’.

Viscosity is very important physical parameter. How-
ever, this is not all. In the case of glasses and their under-
cooled melts, viscosity influences also the processes of struc-
tural relaxation and crystallization. The viscosity interval
which is interesting from the view of structural relaxation and
crystallization is relatively broad and its determination re-
quires more than one measuring method. Description of this
broad viscosity interval is very important because lower vis-
cosity values in the undercooled melt region cannot be meas-
ured through rapid crystallization of sample. The empirical
(e.g. Arrhenius type of VFT) equations are mostly used for
description of this temperature dependence of viscosity. Inter-
esting approach to describe viscosity dependence was intro-
duced by Adam and Gibbs*. Their concept, which is called
entropy theory, was dedicated for the description of relaxation
behavior. However, relaxation time is proportional to viscos-
ity. The Adam-Gibbs theory can be expressed by following
equation:

- C
= Aexp| —

where n stands for viscosity, S. stands for configurational
entropy, 7 stands for temperature, 4 and C stand for constants
which can be considered as independent on temperature and
pressure. Configurational entropy, which is of course tem-
perature dependent, can be determined from the heat capaci-
ties of crystal and melt’.

This work has been supported by the Ministry of Education
Youth and Sports of the Czech Republic under project: LC
523 and the Czech Science Foundation under grant No:
104/08/1021.
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Nanocastice stiibra pfedstavuji zatim jeden z mala nano-
materiald, ktery jiz pronikl do bézné lidské praxe. Jejich pii-
prava je pomérn¢ snadnd a aplikaéni potencial, zejména diky
vyjime&né antibakterialni aktivitd', vysoky. Zakladni metodu
produkce velkych mnoZzstvi nanocastic stiibra piedstavuje
redukce rozpustné stiibrné soli vhodnym redukénim ¢inidlem.
Pozadavek na fizeni velikosti takto pfipravovanych nanocéstic
Ize realizovat vybérem reakéniho prostfedi, redukéniho ¢ini-
dla a v neposledni fad¢ i vazbou stfibrného iontu do vhodné
komplexni slouceniny.

Uvedené proménné jsou vyuzity v metode fizené piipra-
vy nanocastic stiibra, zalozené na modifikované Tollensové
reakci®. Rozsah fizeni velikosti piipravovanych nano&astic
stiibra koncentraci amoniaku, jakozto komplexotvorného
¢inidla, vSak vede pii wurcit¢ koncentraci amoniaku
k prudkému nardstu velikosti Castic stiibra z n€kolika desitek
nm az na hodnotu stovek nm. Jako hlavni divod pro tento
prudky narGst velikosti ¢astic se ukdzala rychla agregace
v systému primarn¢ vyredukovanych nanocastic stiibra vyvo-
lana vysokou iontovou silou reakéniho systému. K této vyso-
ké iontové sile prispiva zejména piidavek NaOH pro zvyseni
pH, které je nutné pro priibéh redukce kationtu [Ag(NH;),]"
redukujicim cukrem v prostfedi s vysokou koncentraci amoni-
aku. Podrobna studie zaméfena na stanoceni kritické koagu-
la¢ni koncentrace (CCC) elektrolytd s riiznym typem protiion-
tu (Na" a Ca*") v primamé piipravené vodné disperzi nano-
Castic stiibra navic ukazala, ze hodnota CCC je silné ovlivné-
na nejen typem protiiontu, jak pfedpovida teorie DLVO, ale
i vlastnostmi druhého iontu v molekule elektrolytu. Tento
efekt je znamy v chemii pod pojmem lyotropni fada, ovSem
klasicka teorie stability koloidnich soustav vliv druhého iontu
na hodnotu CCC neuvazuje.

Tato prdace vznikla za podpory granti MSMT CR ¢

MSM6198959218, MSM0021620822 a 1M6198959201.
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Priprava novych organicko-anorganickych nanokompo-
zitnych materidlov nadobudla svoju vyznamnost’ v posled-
nych desiatich rokoch pre ich mozné vyuzitie pri vylepSeni
vlastnosti polymérov', ale aj pri priprave novych materialov
v ich kombinacii s polovodivymi polymérmi s elektro-
luminiscenénymi vlastnostami. Takéto materialy s perspek-
tivne nielen kvoli zlepSenym mechanickym vlastnostiam,
ale v pripade luminiscenénych materidlov mézu poskytnut’
roz§irenie spektralnej oblasti v porovnani s konvenénymi
polovodi¢mi.

Vlastnosti tychto materidlov st zavislé nielen od vlast-
nosti individualnych komponentov, ale taktiez aj od ich mor-
fologickych vlastnosti a charakteru fazového rozhrania.
V nasej $tadii sa zaoberame podmienkami pripravy nanokom-
pozitného materidlu na baze fluorescenénych farbiv, pricom
ulohu nosného skeletu zastupuje organizovana Struktira sod-
ného montmorillonitu. Vyznam jeho pripravy spociva v tom,
ze tento materiadl moze v jeho d’alSom vyuziti slazit’ ako tz-
kospektralna odozva na excitatné ziarenie, polariza¢ny c¢len
v optickych zariadeniach, pripadne ako zlozka v solarnych
paneloch alebo v zariadeniach, kde je nutny prenos energie
s vysokou t¢innostou.

Vo vicsine prac tykajucich sa pripravy nanokompozit-
nych materidlov na baze ilového mineralu so zdpornym vrst-
vovym nabojom a katiénovych organickych molekul docha-
dza k tvorbe agregatov organickych molekil na povrchu vrs-
tiev ilového minerdlu. Nevyhodou tvorby agregatov je ta, ze
optické a iné vlastnosti agregatov st odlisné od vlastnosti ich
monomérnych foriem.

V prispevku k tejto problematike predpokladame, Ze
vzniknuty problém je mozné rieSit pridanim vhodného
“spacera” (B-cyklodextrinu), schopného interagovat’ s jednou
organickou molekulou za uc¢elom vzniku supramolekulového
komplexu, ¢oho vysledkom je predpokladané zamedzenie
tvorby molekulovych agregatov.

Tato praca vznikla za podpory grantu Univerzity Komenského
¢ UK/143/2009 a grantu Vedeckej grantovej agentury VEGA,
¢ 1/4457/07.
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Oxid titanicity (TiO,) je jednim z nejstudovangjsich foto-
katalyzator, pravé pro jeho antibakterialni vlastnosti, dezodo-
racni uinky a schopnost rozkladat organické necistoty.

Jilové mineraly (napf. montmorillonit, vermikulit, kaoli-
nit...) jsou netoxické a snadno dostupné materialy, které maji
mimotadny vyznam v fadé primyslovych odvétvi, pouzivaji
se jako sorbenty, filtry, katalyzatory, plniva. Diky témto uni-
katnim vlastnostem ptedstavuji vhodné matrice pro nejrizngj-
$i funk¢ni nanostruktury a tim je dano i jejich vyuziti v nano-
technologiich pro péstovani nano a mikro castic.

Jako prekurzor pro ptipravu nanokompozitll jsme pouzi-
li TiCly. Nano a mikro ¢astice TiO, pfipravené z TiCl, byly
ukotveny na riznych typech vrstevnatych silikatd a na SiO.

Pripravené nanokompozity byly charakterizovany po-
moci XRFS, RTG, IC a SEM. Fotokatalytické uginky jsou
testovany pomoci jejich fotodegradac¢nich vlastnosti pfi méte-
ni fotoaktivity.

Pii stejném postupu pfipravy se nanokompozity lisi:
obsahem TiO,,

strukturou a velikosti ¢astic,

morfologii praskovych ¢astic nanokompozitt.

Tato prdce vznikla za podpory grantu GA CR 205/08/0869.
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Nanocastice stiibra tvofi velmi vyznamnou skupinu
v oblasti nanomateriald predevsim diky svym optickym, elek-
trickym a biologickym vlastnostem, které lze vyuzit v mnoha
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aplika¢nich oblastech, napt. v elektronice, katalyze ¢i v 1ékai-
stvi. Biologicka aktivita nanocastic stfibra byla intenzivné
studovana na pocatku 20. stoleti, ovSem s objevem penicilino-
vych antibiotik studium antibakteridlnich vlastnosti nanocas-
tic stiibra ustoupilo do pozadi. Soucasna situace na poli uziva-
ni klasickych antibiotik v 1ékafské praxi je spojena s tvorbou
bakterialni rezistence, coz vede k vyzkumu a vyvoji novych
latek s antibakterialni aktivitou, vici kterym nejsou bakterie
rezistentni. Nanocastice stiibra tak v soucasné dob¢ patii mezi
»znovuobjevené latky vykazujici antimikrobialni GCinky,
které jsou velmi intenzivné studovany nejen na poli zakladni-
ho vyzkumu, ale také v oblasti aplikovaného vyzkumu.

Metoda ptipravy nanocastic stiibra spocivajici v modifi-
kaci Tollensova procesu, ktera byla vyvinuta na naSem praco-
mérnou velikosti 25 nm. Provedené in vitro studie antimikro-
bialni aktivity takto pfipravenych nanocastic stiibra prokazaly
vysokou bakteriostatickou a fungistatickou aktivitu pfi velmi
nizkych koncentracich (1 pg ml™ az 10 pg ml™), které sou-
casné nevykazuji akutni cytotoxicitu vuéi savéim bunikam,
ktera byla stanovena pii koncentracich vysich nez 30 ug ml™
(cit."). Navic doposud nebyla v odborné literatuie publiko-
vana prace prokazujici bakteridlni rezistenci vic¢i nanocasti-
cim stiibra. Nanocastice stiibra tak nachazi uplatnéni napf. v
Iékaistvi k potlaceni infekci pti 16€bé popélenin ¢i k omezeni
tvorby bakteridlniho biofilmu na cévnich ndhradach, katetrech
¢i protézach.

grantii  MSMT
IM6198959201)

Tato prdace vznikla za  podpory
(MSM6198959218,  MSM6198959223,
a GA CR P304/10/1316.
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Nanocastice kovl diky svym vyjimeénym vlastnostem
jsou v posledni dobé pfedmétem zna¢ného zajmu jak ze stra-
ny védeckého vyzkumu tak i ze strany pramyslovych aplikaci.
Nejinak je tomu i v pfipad¢ nanocéstic médi ¢i jejich oxidi
jez nabizi slibné pouziti v oblastech katylyzy', biosenzord?,
fotovoltaiky®, aditiv zlepsujicich tepelnou vodivost®, atd. Mezi
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metodami ptipravy nanocastic médi ziejme prevladaji postupy
zalozené na chemické redukci méd’natych soli. Tyto metody
jsou pomérné jednoduché, rychlé a umoznuji zménou reak¢-
nich podminek ovliviiovat vysledné charakteristiky pfiprave-
nych ¢astic. Jako redukéni ¢inidla jsou velmi ¢asto pouzivany
hydrazin, kyselina askorbova nebo tetrahydridoboritan sodny.
Znac¢nym problémem vyvstavajicim béhem pfipravy nanocas-
tic médi je vSak jejich nachylnost vi¢i oxidaci. K zabranéni
tohoto jevu je tiecba pracovat v nepolarnich rozpoustédlech,
ptipadné b&hem syntéz v polarnim prostiedi pouzivat roz-
poustédla zbavena kysliku a reakce provadét v inertni atmo-
sféfe.

V uvedené praci byly nanocéstice médi piipravovany
redukci médnatych iontd tetrahydridoboritanem sodnym
v pritomnosti sodnych soli polyakrylovych kyselin. Byly pou-
zity polyakrylaty o molekulovych hmotnostech 1200, 8000
a 15 000. Velikost ptipravenych ¢astic médi byla urovana
pomoci metody dynamického rozptylu svétla (DLS). Ovéfeni
velikosti ¢astic a zjisténi jejich morfologie byla provedeno za
vyuziti transmisni elektronové mikroskopie (TEM). Ptipadné
oxidaci nanocastic médi pfipravenych vyse uvedenym zpuso-
bem bylo zabraiiovano pomoci pfidavku sifi¢itanu sodného
k vysledné disperzi. Naopak, provzdusiovani pfipravené dis-
perze nanocastic vedlo ke vzniku ,,nanokrychli¢ek” oxidu
méd’ného. Katalyticka aktivita jak nanocastic médi, tak i oxi-
du méd’ného byla zkoumana za vyuziti modelové reakce —
redukce 4-nitrofenolu.

Tato prace vznikla za podpory grantu MSMT CR
MSM6198959218 a IM6198959201.
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Lidsky organismus je v priib¢hu zivota vystavovan fade
negativnich vlivll, mezi néz patfi také polutanty ze znecisténé-
ho zivotniho prostfedi. Latky vzniklé antropogenni ¢innosti
Clovéka se stavaji soucasti atmosféry, vod i pud a riznymi
zpUsoby tak mohou vstupovat do potravinového fetézce, popf.
pitimo do tkani zivych organismi. Podle charakteru polutantu
jej organismus vylou¢i, nebo dochézi k jeho ulozeni v tkanich.
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Cast populace je postizena onemocnénim, které vede
k ucpavani slinnych zlaz a nasledné vzniku slinnych kament
— sialolitiazou. Hromadéni slin vyvolava pocit napéti az bolest
a proto je nezbytné kamen chirurgicky odstranit. Cetnost vy-
skytu tohoto onemocnéni je u dospélé populace 1,2 %,
s mirnou pfevahou u muzii. Vice nez 80 % kamenti se objevu-
je v podcelistni zlaze. Velikost slinnych kamenii se pohybuje
od 1 mm do 1 cm, mohou se vyskytnout i kameny o velikosti
veétsi nez 1,5 cm, vzacné od 3,5 do 7 cm.

Prevence tohoto onemocnéni je spojena se znalosti che-
mického slozeni slinnych kamend a s popisem mechanismu
jejich vzniku. S ohledem na velikost kament je nutné volit
vhodnou kombinaci metod, jako je scanovaci elektronova
mikroskopie (SEM), mikroskopie atomarnich sil, IC spektro-
skopie, praskova rtg. difrakce a termogravimetrie.

V prubéhu dvou let byl analyzovan soubor slinnych
kament, jejichZz hmotnost se pohybovala od 0,002 g do 1,9 g.
Bylo dokazano, ze obsahuji proteiny a anorganické souceniny
na bazi fosfore¢nant a uhli¢itand, coz je v souladu s dostup-
nou literaturou. Pfiblizné¢ v 50 % zkoumanych vzorkii byla
elektronovou mikroskopii dokazana ptitomnost kovi, jako
jsou Fe, Cu, Ni, Cr, ale také V a W, které byly rozptyleny
v kamenu jako nanocastice, piipadn¢ jako mikrocastice
(obr. 1).

Obr. 1. Snimek porvchu slinného kamene s obsahem c¢astic Fe
(vyrazné svétlé body), ziskany SEM p¥i zvétseni 3500x

Tato prace vznikla za podpory projektu GA CR, reg. cislo
205/08/0869 a grantu MSMT SP/2010141.
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Chalcogenide glasses heavily doped by silver can play
an important role of solid electrolytes in various electronic
devices such as batteries, sensors, programmable metalliza-
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tion cells etc'™. Ag-As-S system serves as a “model” system
among silver chalcogenide glasses. It is broadly accepted that
two relatively small glass forming regions exist in this sys-
tem®. It was found out, that the glasses, lying between these
two glass forming regions, are separated into silver rich and
silver poor phases™®.

We recently found out, that as soon as the concentration
of silver exceeds ~ 26 at.% Ag the glasses became phase
separated again. The separated domains were identified by
scanning electron microscope and their composition was
checked by energy dispersive X-ray analysis in the range of
28-32 at.% Ag. In addition, the conductivity of the samples
was measured by impedance spectroscopy at 25-100 °C tem-
perature range. It was suggested from the impedance spectra
that the conductivity is mainly ionic. The potentiostatic
chronoamperometry provided information about the fraction
of the residual electronic (hole) conductivity. Amorphous
state of every sample was confirmed by X-ray diffraction
analysis.

This research was financially supported by the projects VZ
0021627501, AVOZ 40500505, GA CR project GA
203/06/1368, project MSM0021627501 and the Research
Centre LC 523 at the University of Pardubice.
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Chalcogenide glasses containing metal elements have
been recently studied to be a potetial candidate to the fabrica-
tion of electrical memories'”. The chalcogenide glasses be-
long to a large family of vitreous semiconductors and they can
be doped with metals (Ag, Cu, Li) or their compounds (Ag,S,
Agl, CuS, Li,S), gaining some portion of ionic conductivity
and becoming mixed ionic-electronic conductors®™. In these
conductors the total electrical conductivity consists of two
contributions: the electronic (hole) and the ionic contribu-
tions. Such glasses then behave like ionic conductors or even
fast jonic conductors (FIC)’. The aim of this work was to
prepare and compare electric properties of chalcogenide bulk
glasses of general composition Ag,(As(Ge)Ch) where Ch =S,
Se and Te and x = 0-24 at.% Ag depending on glass-forming
region. The total electrical conductivity was determined by
means of impedance spectroscopy and the electronic (hole)
contribution by means of direct current (dc) measurements,
sputtered blocking platinum electrodes were used in both
cases. The conductivity increased with silver content and a
percolation behavior due to inhomogeneity of the glasses in
some composition region was observed The contribution of
electronic (hole) conductivity to the total conductivity in-
creased from the sulfur based glasses to selenium and tellu-
rium based glasses. Spinodal decomposition and properties
percolation is dependent on the silver concentration.

The authors thanks to Ministry of Education, Youth and
Sports of the Czech Republic (Research Centre LC 523 pro-
Ject, project MSM 0021627501) and to Academy of Sciences
of the Czech Republic v.v.i. (AV0OZ 40500505 project).

REFERENCES

1. Mitkova M., Kozicki M.N.: J. Non-Cryst. Solids 299,
1023 (2002).

2. Terabe K., Nakayma T., Hasegawa T., Aono M.: Appl.
Phys. Lett. 97, 10110 (2002).

3. Krbal M., Stehlik S., Wagner T., Zima V., Benes L.,
Frumar M.: J. Phys. Chem. Solids 68, 958 (2007).

4. Krbal M., Wagner T., Srba T., Schwarz J., Orava J., Ko-
houtek T., Zima V., Benes L., Kasap S. O., Frumar M.: J.
Non-Cryst. Solids 353, 1232 (2007).

5. Piarristeguy A., Conde Garrido J. M., Urefia M. A., Fon-
tana M., Arcondo B.: J. Non-Cryst. Solids 353, 3314
(2007).



Chem. Listy 104, 585-592 (2010)

10L-13

TAILORING OF PROPERTIES

OF DIKETOPYRROLOPYRROLES DERIVATIVES
FOR ORGANIC ELECTRONIC AND PHOTONICS

MARTIN WEITER"*, MARTIN VALA®, IMAD
OUZZANE’, STANISLAV LUNAK Jr.", JAN
VYNUCHALS, and LUBOMIR KUBAC"

“ Faculty of Chemistry, Brno University of Technology,
Purkyiiova 118, 612 00 Brno, * Department of Organic
Technology, Faculty of Chemical Technology, University of
Pardubice, Studentskd 95, 532 10 Pardubice, © Synthesia, a.s.,
Semtin 103, 532 17 Pardubice, * Centre of Organic
Chemistry, Rybitvi 296, 533 54 Rybitvi

weiter@fch.vutbr.cz

Nowadays, we can see a strong effort in seeking for
highly performing materials for cheap organic electronics.
Together with the high performance of the materials, the usual
second requirement is their high photo- and thermal-stability.
Therefore we have investigated a several derivatives of 3,6-
diphenyl-2,5-dihydro-pyrrolo[3,4-c]pyrrole-1,4-dione,
commonly referred to as DPPs. They represent recent
industrially important high-performance pigments with
promising semiconducting properties. The aim of our work
consist in preparation of nanostructured thin layers and
nanocomposites of DPP with outstanding optical or electrical

properties.
Several different derivatives of DPP with alkyl side
groups were synthesized to increase their solubility.

Simultaneously, groups with various electron donating or
withdrawing ability were linked to the basic pyrrolinone core
to improve some of their optical and electrical properties such
as absorption molar coefficient, conductivity, photogeneration
yield and others. Thermal and thermooxidative stability was
studied by thermal gravimetry and differential scanning
calorimetry in either nitrogen or air. Relationship between the
molecular structure of DPPs, organic thin film morphology
and their optical and optoelectronic properties such as charge
transport and photogeneration were studied. The experimental
characterizations were accompanied with quantum chemical
calculations.

It was shown, that depending on the side groups
substitution, studied DPPs exhibit high molar absorption
coefficient as well as high quantum yield of fluorescence or
significant quantum yield of photogeneration. Some derivates
exhibit gas sensing properties. These properties together with
chemical, light and thermal stability predestines them as
potential candidates for electronics and optical applications
such as photovoltaic and lighting devices, gas sensors and
others.

The support of the Ministry of Education of the Czech
Republic by project MSM 0021630501, Ministry of Industry
and Trade by projects FR-TI1/144 and FT-TA3/048 and the
Academy  of Sciences project KAN401770651 are
acknowledged.
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The use of functional molecules in macroscopic devices
(bottom-up technology) requires some degree of low dimen-
sionality self-organization (1D or 2D). Going to the 3D world,
liquid crystals are the archexample of self-organizing nano-
objects'. The properties of an ensemble of densely packed
metallic nanoparticles and the effective material properties
could be a route to obtain metamaterials’. The coverage of
nanoparticles with organic groups not only enhances the proc-
essability of such systems, but, where suitable functional
groups are included, it allows the investigation of self-
organization process and arrangments of created systems’.

"L/, \\/

Fig. 1. Cooling an isotropic phase to smectic phase made of modi-
fied gold nanoparticles

Throughout our studies we have synthesized a series of
novel mesogenic or pro-mesogenic organic thiols and used it
in surface modification of small gold nanoparticles. To inves-
tigate the influence of organic molecules on self-organization
process we designed and obtained series of various organic
thiols with different terminal chains and linking groups.
Varying volume of linking chains as well as the influence of
primary alkyl thiols has been investigated. In our presentation
I will explain the main idea of our “soft-rods” theory and the
mechanism of formation of smectic and columnar liquid crys-
taline phases made of gold nanoparticles.

This work was supported by the Grant 0150/B/H03/2010/38
of Polish Ministry of Science and Higher Education, and by
the European Science Foundation 2007/03-LCNANOP.
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Finding new technologies which can be called pollution-
free is sometimes impossible. That is why many researchers
are looking for more efficient ways for cleaning wasted and
outlet gases. Volatile Organic Compounds (VOCs) are the
group of compounds which are always present in outlet gases.
There are many different ways for removing VOCs from air.
The main two routs are to adsorb them or to incinerate. Ther-
mal oxidation of VOCs is the most obvious way but it is not
very efficient. That is why more interesting path for removal
of VOCs is catalytic incineration. Commercial catalysts used
in oxidation of VOCs are working in temperatures around
500 °C. Materials based on cerium (IV) oxide can be an alter-
native for this available on the market now. Thanks to many
structural defects caused by doping or activation procedure
ceria shows high catalytic activity in redox reactions.

Precursors of the nanostructured materials based on
cerium (IV) oxide were prepared using a modified reverse
microemulsion method'. The thermal decomposition of the
obtained precursors into oxides systems was studied using
thermal analysis methods (EGA-TGA/DTG/SDTA). The
structure of the obtained nanostructured powders was esti-
mated from XRD measurements and average crystallites size
was calculated from Debye-Scherrer formula. Surface mor-
phology, specific surface area and pores distribution were
evaluated on the basis of the BET method. The morphology
of the obtained nanoparticles from different precursors differs
from each other. The ceria doped materials formed mono
phase solid solutions and is showing fluorite—like structure.

All of the obtained materials were catalytically active in
the incineration of selected VOCs molecules (ethylene,
methanol or acetone).

This work was supported by Research Project Grant number
N N209 099337, from the Polish Ministry of Science and
Higher Education.
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Hydrolasy jsou vyznamné biokatalyzatory, které nacha-
zeji uplatnéni v biotechnologickych procesech pro svou speci-
fitu a schopnost reagovat za mirnych reakcénich podminek.
Aplikace volnych enzymu v biotechnologii je omezena jejich
snizenou stabilitou a slozitym procesem recyklace. Témto
problémuim 1ze predchazet imobilizaci enzymi na pevné nosi-
e, ¢imz se zvysi jejich stabilita, moznost opakovaného pouzi-
ti a snadna separace z reakéni smési. Do struktury nosice
mohou byt enzymy zabudovany adsorpci, enkapsulaci, zesito-
vanim nebo kovalentni vazbou. Hlavni nevyhodou poréznich
nosict je limitovana diftize a obtizna separace z viskéznich
roztokdi. ReSenim je pouziti neporéznich nosi¢t jako jsou
magnetické mikro ¢i nanocastice. Magnetické nanocastice
poskytuji velky povrch pro vazbu bioaktivnich latek a mohou
byt ovladany a separovany vnéj$im magnetickym polem.

Na magnetické nanocastice (Fe;0,), které byly priprave-
ny synteticky' nebo izolaci z magnetotaktickych bakterii
(Magnetospirillum  gryphiswaldense), byly imobilizovany
hydrolasy (a-amylasa, lipasa a trypsin). Nanocastice byly
pted imobilizaci pokryty chitosanem nesoucim volné amino
a hydroxyskupiny pro vazbu enzymu. Jako vazebné cinidlo
byl vyuzit karbodiimid nebo glutaraldehyd. Vlastnosti imobi-
lizovanych hydrolas byly studovany (Michaelisova konstanta
K., termostabilita, pH optimum, opera¢ni stabilita, stabilita
pti skladovani, saturaéni magnetizace a TEM).

Imobilizované hydrolasy na magnetickych nanocasticich
mohou najit uplatnéni v fad¢ biotechnologickych procesi.
Amylasy se pouzivaji v potravinafském a fermenta¢nim pri-
myslu, lipasy maji vyznam pii vyrobé¢ biopaliv a 1é¢iv, hydro-
lasy jsou také soucasti pracich praskl a zaroven se vyuzivaji
v procesu ¢isténi pramyslovych odpadnich vod.

Tato prace vznikla za podpory grantu MSM 6198959216.
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