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DNA-vazebné proteiny v interakci se
strukturou guaninového kvadruplexu

Adéla Adamovd

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
ada.adamova@email.cz

Molekula DNA je nejvice znama jako dvoufetézcova pravotociva Sroubovi-
ce. Za nékterych podminek se objevuiji i nestandartni sekundarni usporadani jako
jsou napfiklad ctyffetézcové guaninové kvadruplexy, které zkoumam této prace.
Vyskytuji se v oblastech bohatych na guanin. V lidském genomu je pfes 700 000
oblasti, které jsou vyhodné k jejich tvorbé. Jsou to ve velké vétsiné regulacni oblasti
nebo konce chromozomti. Sekundarni struktury pfedstavuji vhodné cile pro vaz-
bu velkého mnozstvi proteind, které obsahuji strukturni motivy diilezité pro tuto
interakci. V tomto projektu bude pomoci biochemickych, biofyzikalnich a moleku-
larné biologickych metod zaméfena pozornost na vazebné motivy zinkového prstu
a RGG boxu riiznych proteinti ve vztahu k DNA v rtznych konformacich.

Podékovani

Chtéla bych zejména podékovat mému koliteli Mgr. Denisovi Subertovi, za
to Ze mi dal Sanci pracovat na odborném pracovisti, ¢imz jsem méla tu moznost si
rozsifit obzory v tomto oboru. A celkové i sympatickému a pratelskému prostredi,
ktery Biofyzikalni tistav poskytuje.

Dale bych chtéla podékovat Mgr. Hané Holubové za pomoc, jako $kolni kon-
zultant, a také celkové SPS Chemické, Ze umoznuje nam studentdm se ztcastnit
takovych projektti, které nas mnohdy mohou motivovat na navazujici studium.

A nakonec bych chtéla podékovat JCMM za priibézné a piehledné informo-
véni ohledné praci SOC.

DNA-vazebné proteiny v interakci se
strukturou guaninového kvadruplexu

Adéla Adamovd

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika
ada.adamova@email.cz

Molekula DNA je nejvice znama jako dvoufetézcova pravotociva Sroubovi-
ce. Za nékterych podminek se objevuji i nestandartni sekundarni usporadani jako
jsou napfiklad ctyffetézcové guaninové kvadruplexy, které zkoumam této prace.
Vyskytuji se v oblastech bohatych na guanin. V lidském genomu je pfes 700 000
oblasti, které jsou vyhodné k jejich tvorbé. Jsou to ve velké vétsiné regulacni oblasti
nebo konce chromozomii. Sekundarni struktury pfedstavuji vhodné cile pro vaz-
bu velkého mnozstvi proteind, které obsahuji strukturni motivy dtilezité pro tuto
interakci. V tomto projektu bude pomoci biochemickych, biofyzikalnich a moleku-
larné biologickych metod zaméfena pozornost na vazebné motivy zinkového prstu
a RGG boxu riiznych proteinti ve vztahu k DNA v rtznych konformacich.

Podékovani

Chtéla bych zejména podékovat mému koliteli Mgr. Denisovi Subertovi, za
to Ze mi dal Sanci pracovat na odborném pracovisti, ¢imz jsem méla tu moznost si
rozsifit obzory v tomto oboru. A celkové i sympatickému a pratelskému prostredi,
ktery Biofyzikalni tistav poskytuje.

Dale bych chtéla podékovat Mgr. Hané Holubové za pomoc, jako $kolni kon-
zultant, a také celkové SPS Chemické, Ze umoznuje nam studentiim se zucastnit
takovych projektti, které nas mnohdy mohou motivovat na navazujici studium.

A nakonec bych chtéla podékovat JCMM za priibézné a piehledné informo-
véni ohledné praci SOC.



Chemicka modifikace 2D MXenu

Simon Cerny, Mgr. Frantisek Karlicky, Ph.D.

Wichterlovo gymndzium, Ostrava-Poruba, pispévkovd organizace, Cs. exilu 669, 708 00
Ostrava-Poruba, cernsi815@wigym.cz

Prace pojednava o dosud nepopsanych 2D karbidech pfechodnych kovti, tzv.
MXenech, konkrétné o moderni skupiné modifikaci karbidu molybdenu a jejich izo-
merti, které jsem vybral na zdkladé vlastni reserSe védeckych clankii. V dostupné
literatufe jsou zcela nepopsané az na dvé vyjimky, které jsou ovSem neadekvatni.
Elektrické a optické vlastnosti jsem studoval na nejvyssi mozné trovni, kterou mé
schopni a moznosti dovolily, protoZe jsem na zakladé dostupnych informaci pfed-
pokladal jejich potencidl ve fotovoltaice. Pomoci pfesnych vypocth jsem urcil, zdali
se jednd o elektricky vodivé, ¢i nevodivé materialy a zdali absorbuji vinové délky
viditelného svétla. Ustiedni vystupy mé prace jsou hodnoty zakazanych past a
absorbance viditelného svétla. Zakdzany pas jsem na pocatku zkoumani urcil diky
teorie funkcionalu hustoty (Density-functional theory, DFT), pfesnéji jednoduché
metody Perdew-Burke-Ernzerhof, tzv. PBE, poté pfesnéjsi hybridni metody, tzv.
HSEO06, a na zavér nejexaktnéjsi mnohocasticové poruchové metody GW. Optické
vlastnosti jsem pocital pomoci Bethe-Salpeterovy rovnice (BSE).

Vysledky prace lze kategorizovat do dvou skupin - zdkladni vyzkum
a aplikovatelny. V rdmci zdkladniho vyzkumu jsem obohatil védeckou komunitu
0 hodnoty mfiZkovych konstant u vSech materidlii a izomerti, které nebyly dopo-
sud exakiné stanoveny, ale jsou naprosto klicové pro vSechny vypocty. Vypocital
a porovnal jsem celkové energie materialt i jejich izomert, ¢imZ jsem deklaroval,
ktera forma ma vyssi pravdépodobnost existence. Zjistil jsem, Ze izomery jsou vzdy
energeticky nevyhodné — fadové o nékolik jednotek eV — a jsou elektrické vodice s
takfka nulovym zakdzanym pasem.

Druhym odvétvim badani byly optické vlastnosti, které nebyly v dostupné
literatufe zZadnym zpiisobem popsany. Pomoci metody BSE jsem urcil vazebnou
energii excitonti a energii zakdzaného optického pasu. Vyvodil jsem praktické ap-
likace pramenici z perspektivnich optickych a elektrickych vlastnosti. Patrné nej-
vétsi piinos své prace vidim v mozném ulehceni ekonomické naro¢nosti, protoze
naklady na experimenty jsou zatézujici, a provedené vypocty Setii finance i cas
a jsou nanejvys prikazné. Prace odpovidd otdzkdm na vSech trovnich ohledné
elektrickych a optickych vlastnosti. Se znalosti zakdzaného péasu je mozné presné
urcit, o jak dobry elektricky vodic, polovodic ¢i izolant se jedna.

Nejvyraznéjsim materidlem je karbid Mo2CF2, ktery svym nepfimym zakaza-
nym pasem piipomina kfemik a jeho monoatomarni vrstvy pohlcuji az 12 % dopa-
dajiciho svétla, ¢imz predcil kiemik. Na zakladé téchto dvou faktort je material vel-
mi perspektivni pro vyuziti ve fotovoltaickych ¢lancich. Dalsi materidly Mo2CCI2
a Mo2C(OH) 2 odpovidaji klasickym polovodiciim a jsou schopné absorbovat az
10 % dopadajiciho svétla, ¢imz pouze lehce zaostavaji za dominujicim Mo2CF2.
I pfesto, Ze v mé praci nenabizeji Spickové vlastnosti, v porovnani s konvenénimi
materidly jsou nadprimérné. Vyjimku v ramci mého badani tvofi Mo2CO2, ktery
mél jiné technické parametry, ale hlavné je jako jediny vodi¢. Diky tomu, Ze jeho

10

Chemicka modifikace 2D MXenu

Simon Cerny, Mgr. Frantigek Karlicky, Ph.D.

Wichterlovo gymmdzium, Ostrava-Poruba, pFispévkovd organizace, Cs. exilu 669, 708 00
Ostrava-Poruba, cernsi815@wigym.cz

Prace pojednava o dosud nepopsanych 2D karbidech pfechodnych kovt, tzv.
MXenech, konkrétné o moderni skupiné modifikaci karbidu molybdenu a jejich izo-
merti, které jsem vybral na zdkladé vlastni reserSe védeckych clankii. V dostupné
literatufe jsou zcela nepopsané az na dvé vyjimky, které jsou ovSem neadekvatni.
Elektrické a optické vlastnosti jsem studoval na nejvyssi mozné tirovni, kterou mé
schopni a moznosti dovolily, protoZe jsem na zékladé dostupnych informaci pfed-
pokladal jejich potencial ve fotovoltaice. Pomoci pfesnych vypocth jsem urcil, zdali
se jedna o elektricky vodivé, ¢i nevodivé materidly a zdali absorbuji vinové délky
viditelného svétla. Ustiedni vystupy mé prace jsou hodnoty zakazanych past a
absorbance viditelného svétla. Zakazany pas jsem na pocatku zkoumani urcil diky
teorie funkcionalu hustoty (Density-functional theory, DFT), pfesnéji jednoduché
metody Perdew-Burke-Ernzerhof, tzv. PBE, poté pfesnéjsi hybridni metody, tzv.
HSEO06, a na zavér nejexaktnéjsi mnohocasticové poruchové metody GW. Optické
vlastnosti jsem pocital pomoci Bethe-Salpeterovy rovnice (BSE).

Vysledky prace lze kategorizovat do dvou skupin - zdkladni vyzkum
a aplikovatelny. V rdmci zdkladniho vyzkumu jsem obohatil védeckou komunitu
0 hodnoty mfiZkovych konstant u véech materidlii a izomerti, které nebyly dopo-
sud exaktné stanoveny, ale jsou naprosto klicové pro vSechny vypocty. Vypocital
a porovnal jsem celkové energie materidldi i jejich izomerti, ¢imZ jsem deklaroval,
ktera forma ma vyssi pravdépodobnost existence. Zjistil jsem, Ze izomery jsou vzdy
energeticky nevyhodné — fadové o nékolik jednotek eV — a jsou elektrické vodice s
taktka nulovym zakdzanym pasem.

Druhym odvétvim badani byly optické vlastnosti, které nebyly v dostupné
literatufe zadnym zptisobem popsany. Pomoci metody BSE jsem urcil vazebnou
energii excitonti a energii zakdzaného optického pasu. Vyvodil jsem praktické ap-
likace pramenici z perspektivnich optickych a elektrickych vlastnosti. Patrné nej-
vétsi piinos své prace vidim v mozném ulehceni ekonomické naroc¢nosti, protoze
naklady na experimenty jsou zatézujici, a provedené vypocty Setii finance i cas
a jsou nanejvy$ prikazné. Prace odpovida otazkdm na vSech trovnich ohledné
elektrickych a optickych vlastnosti. Se znalosti zakdzaného péasu je mozné presné
urdit, o jak dobry elektricky vodic, polovodic ¢i izolant se jedna.

Nejvyraznéjsim materidlem je karbid Mo2CF2, ktery svym nepfimym zakdaza-
nym pasem pfipomina kfemik a jeho monoatomarni vrstvy pohlcuji az 12 % dopa-
dajiciho svétla, ¢imz predcil kfemik. Na zakladé téchto dvou faktori je material vel-
mi perspektivni pro vyuziti ve fotovoltaickych ¢lancich. Dalsi materidly Mo2CCI2
a Mo2C(OH) 2 odpovidaji klasickym polovodi¢tim a jsou schopné absorbovat az
10 % dopadajiciho svétla, ¢imz pouze lehce zaostavaji za dominujicim Mo2CF2.
I pfesto, Ze v mé praci nenabizeji Spickové vlastnosti, v porovnani s konvenénimi
materidly jsou nadprimérné. Vyjimku v ramci mého badani tvofi Mo2CO2, ktery
mél jiné technické parametry, ale hlavné je jako jediny vodi¢. Diky tomu, Ze jeho

10



valenéni a vodivostni vrstvy se protinaji, ma kovové charakteristiky. Na zakladé
tohoto se jedna o material mozny k vyrobé dalsich baterii.

Motivaci prace bylo, at pfispéje k rozvoji zakladniho vyzkumu 2D svéta, po-
muze pokracovateliim — dalsim studentiim a védciim — a nabidne cenné podnéty
aldkavé alternativy pro svét primyslu. V neposledni fadé si pfeji, at slouzi k osvété
dvoudimenziondlnich materialt, protoZe se jedna o nadherny svét.
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Pesticidy v ovoci a zeleniné

Petra Janickovd

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
petrajanickova9@gmail.com

Prace se zabyva zji$ténim obsahu pesticidii ve zvoleném ovoci a zeleniné po-
moci vysokotcinné kapalinové chromatografie (UHPLC) spojené s detekci pomoci
hmotnostni spektrometrie s vysokym rozliSenim (HRMS). Zvoleny postup bylo
mozné provést pouze se vzorky s vySSim obsahem vody jak 70 % a obsahem tuku
niz8im jak 10 %. Vzorky ovoce a zeleniny byly ze stromu (meruriky), kefe (rajcata)
a ze zemé (jahody). Kazdy druh ovoce a zeleniny byl potizen ze ¢tyf zdrojit: domaci
ovoce a zelenina, BIO ovoce a zelenina, ovoce a zelenina z trznice a koupené ovoce
a zelenina v béném supermarketu v CR. Cilem bylo porovnat mezi sebou namé-
fené koncentrace pesticidii a rizné zdroje produktti. Téz vytvofit stru¢ny piehled
pouzivanych pesticidi v dnes$ni dobé a jejich strucnd charakteristika.
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Zjistovani tézkych kovii uvolnovanych
z armatur do pitné vody

Jan Jirkil

Stiedni priimyslovd $kola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika,
jan-jirku@seznam.cz

Tato préace se zabyva problematikou ¢istoty vody a potrubnim systémem, ze
kterého se mohou uvoliovat nebezpecné latky jako tézké kovy. Zameétuje se pre-
vazné na vliv téchto latek na clovéka, jejich biochemické vlastnosti, vliv na pro-
stfedi a na legislativu spojenou s tématikou cistoty vody. Také popisuje analytic-
kou metodu spektrofotometrie, ktera byla vyuzita v praktické ¢asti. Prakticka cast
obsahuje popis tvorby a analyzy vyluhovych vzorkit 7 druhti potrubi. Namétené
hodnoty jsou nakonec porovnany s limity stanovenymi legislativou.

Vysledky prace upozornuji pfevazné na nebezpeci pouzivani starych ne-
vhodnych druht potrubi, jako je napfiklad pozinkované potrubi, a na jina nebez-
peci, ktera mohou pfichazet s pitim vody z vodovodniho potrubi.

Podékovani

Chtél bych podékovat panu Ing. Buriankovi za pomoc s touto praci. Také
bych chtél podékovat panu Ing. Jungovi a pani Ing. Macht z Mendelovi univerzity
za jedine¢nou prilezitost prace na tomto tématu. Nakonec bych chtél podékovat
JCMM za moznost vypracovat tuto praci a za finanéni podporu.
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Jedlé biodegradovatelné obaly
Tomds Nerdd

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
tomas.nerad01@seznam.cz

Tato prace pojednava o jedlych biodegradovatelnych obalech. Teoreticka cast
je zaméfena v prvni fadé na druhy jedlych obalii, moznd vyuzivana aditiva a moz-
nosti aplikace téchto obalti v praxi. Dale se rozebiraji témata jako je naptiklad kom-
postovani, antokyany ¢i baleni vyrobkti do rtiznych druhti obalii v zavislosti na
konzistenci vyrobku. V ¢asti prace se také porovnavaji vyhody a nevyhody jednot-
livych biodegradovatelnych obalti. Experimentdlni ¢ast je zaloZena na zkoumani
vlastnosti vice druhti vyrobenych obalti v zavislosti na odlisnych okolnich podmin-
kéach. Déle jsou za tcelem priblizeni fyzikalnich a chemickych vlastnosti obalii, na
pozadavkii na obaly, jako napfiklad tloustku, pevnost, flexibilitu a stanoveni celko-
vého poctu polyfenolii. V zavéru byla z naméfenych vysledkii zpracovana data a
vyhodnoceny statisticky vyznamné rozdily mezi jednotlivymi méfenimi.

KLICOVA SLOVA
Obal; biodegradace; antioxidacni aktivita; karagenan
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Syntéza molekularnich prekurzort a
jejich aplikace v syntéze nanocastic
slitin kovi

Michael Sedlacek

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika
sedla.michael@gmail.com

Nanotechnologie je v poslednich nékolika desetiletich rapidné se rozvijejicim
oborem s nedozirnym potencidlem. Védci po celé Zemi dnes usilovné pracuji na
prohlubovani znalosti o svété na nano-Skdle. Nanotechnologie nachdzi Sirokou
fadu uplatnéni, napf. v medicing, elektrotechnickém priimyslu, stavebnictvi a v
dalSich oborech, jeji rozvoj je tedy pro benefit nds vSech i lidi dobudoucna.

Jeden z pfistupt, ktery lze k rozvoji nanotechnologie pojmout, je jeji manipu-
lace skrz syntézu nanocastic s konkrétnimi pozadovanymi vlastnostmi. Tato prace
se zabyva pravé vlivem, ktery maji vychozi latky na vysledné nanocastice. Prace si
klade za cil syntetizovat nové prekurzory obsahujici stfibro, charakterizovat je a na-
sledné je pouzit pro pfipravu nanocastic slitiny AgCu, taktéz je popsat, a sledovat
vliv, jaky na né mél pouzity prekurzor.
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Histologicka separace vrstev kiize pri
fixaci téla a jeji vyuziti ve forenzni
daktyloskopii

Lucie Sedlatikovad

Stiedni primyslovd $kola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika
lucie.sedlarikoval9@spschbr.info

Tato prace se zabyva histologickou separaci vrstev kiize na bfiscich prsta pti
fixaci tél lihovou metodou.

Moje studie volné navazuje na studii mé konzultantky pani doktorky
Dzetkulicové. Pani doktorka Dzetkulicovéa vypracovala studii ohledné oddélovani
jednotlivych koznich vrstev na fixovanych lidskych télech za pomoci fixa¢ni techni-
ky podle anatoma Waltera Thieleho. Moje prace navazuje na jeji praci tak, ze také
pozoruji danou problematiku, jen v mensim ¢asovém méfitku a s tim rozdilem,
ze v mé praci jsou téla fixovana lihovou metodou.

Cilem préce je pozorovat a popsat oddéleni jednotlivych vrstev ktize treci-
ho htebene na bfiscich prsti. Dal$im cilem je zjistit, zda dochazi ke kompletnimu
oddéleni epidermis od dermis. Také chceme zjistit, zda je lihovd metoda vhod-
na pro pozorovani oddélovani jednotlivych vrstev, aby bylo mozné zkoumat
a srovnavat dermalni otisky prstii s epidermalnimi otisky. Ziskani ,modelu” pro
mozné srovnavani epidermalnich a dermalnich otiski prsti je potfebné pro trénink
forenznich daktyloskopti a dalsi vyzkum.

Tato prace popisuje postupné odbéry vzorkt ktize v oblasti tfeciho hiebe-
ne prstu na ruce u dvanacti jedinctt a pozorovani oddélovani jednotlivych vrstev
v Case pred fixaci t€la az ¢tvrty tyden po fixaci téla lihovou metodou.

V praxi tento vyzkum bude uZzite¢ny v pfipadech, kdyz v disledku rozklad-
nych procesti bude na neznamém mrtvém téle chybét vrstva epidermis na bfiscich
prsti. Aby bylo v takovém pfipadé mozné identifikovat lidské télo, bude potteba
porovnat posmrtné dermalni otisky prstii s epidermalnimi otisky, které byly ode-
brany pfed smrti jedince. JelikozZ je takovych pfipadii ve forenzni praxi minimum,
experti se nestretaji s dostatenymi prostorem jak pro nacvik odbéru dermalnich
otiskt prstu z t€l, tak i pro porovnani dermalnich a epidermalnich otiskt prstu.
Proto je tedy dutilezité ziskat , modely” pro srovnani obou otiski.

Klicova slova: dermis; epidermis; fixace téla; oddéleni vrstev kiize; stratum
corneum; stratum lucidum
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Funkce cyklin-dependentni kinazy 13 v
bunécné signalizaci

Emma Silhavd, Tomas Frybert

Stiedni priimyslovd skola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceski republika

Tématem nasi prace je funkce cyklin-dependentni kindzy 13 v bunécné signa-
lizaci. V teoretické ¢asti se zabyvame zaklady bunééného déleni. Dale se zabyvame
popisem transkripce, RNAPII a nasledné samotnou CDK. V praktické ¢asti vyuzi-
vame metodu western blot, kterd je klicovou metodou pro nasi praci. Sledujeme
vliv deplece proteinu CDK13 na rtizné mysi embrya ve stadiu E12,5 dne. Tyto zmé-
ny pozorujeme v bunéénych drahdch Reelin a Hemogen.

Podékovani

V prvni fade bychom chtéli nejvice podékovat Mgr. Jitimu Kohoutkovi, Ph.D.
za ochotu, trpélivy pristup a vedeni SOC. Dale také za poskytnuti vzorku a pro-
storu laboratofi na Masarykové univerzité. Dalsi diky patii Mgr. Hané Holubové,
kterd byla nasim Skolnim konzultantem, a Mgr. Tomasi Buridnkovi za poskytnuti
veskerych informaci ohledné vypracovani prace.
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Studium chemickych reakci
probihajicich pfi prazeni kavy
Michaela §tépdnkovd1, Denisa Frybortovd', Pavel Divis?

1) Stitedni priimyslovd kola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika
michala.stepankova9@gmail.com
2) Vysoké ucent technické v Brné, Fakulta chemickd, Purkyriova 118, Brno 61200

Zelena kava se ziskava z plodu kavovniku, ktery roste v subtropickém a
tropickém, tzv. kavovém pasmu. Samotna zelena kava neni pozivatelna. Teprve
prazenim nabyva kavové zrno charakteristickych vlastnosti. Prazeni predstavuje
nejdulezitéjsi fazi pii aprave kavy. Nevhodnym uprazenim lze i nejkvalitnéjsi kavu
uplné znehodnotit a spravnym postupem naopak levnéjsi sortu podstatné zlepsit.

Cilem nasi prace bylo sledovani zmén chemického slozeni kavového zrna pfi
prazeni kavy. Pro experiment jsme pouzily kavu Brazil Cerado dulce a tuto kavu
jsme prazily v domaci prazicce pfi teploté 220 °C celkem 15 minut. Béhem prazeni
jsme z prazicky postupné v casovych intervalech odebiraly vzorky prazené kavy
a ty jsme pak analyzovaly. Sledovaly jsme obsah sacharidii, organickych kyselin
a fenolickych latek metodami vysoko-tc¢inné kapalinové chromatografie, iontové
chromatografie a molekulové absorpéni spektrometrie. Pro extrakei sledovanych
latek z kdvového zrna jsme pouzily smés ethanolu a vody a magnetickou michacku.

Vysledky prace ukazaly, Ze nejvice zastoupenym sacharidem v kavovém
zrnu je sachardza, ktera béhem prazeni postupné degraduje, ¢imz vznikaji organic-
ké kyseliny, pfedevsim kyselina octova a kyselina mravenci Mnozstvi celkovych
fenolickych latek se v kdvovém zrnu béhem prazeni pfili§ neméni a pravdépodob-
né pouze dochdzi k pfeméné téchto latek na jiné aktivni latky, napfiklad pyrogallol
apod.
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Stopové prvky ve stravé — mangan,
med’, zinek
Kristidn Tesar

Stiedni priimyslovd $kola chemickd Brno, Vranovskd 65, 614 00 Brno, Ceskd republika
kristian.tesar@gmail.com

Na nasi planeté nam neustale roste populace a s ni se zvysuji pozadavky
na produkci potfebnych potravin. JelikoZ orna plocha je omezena, tudiz je tato
produkce omezena a plocha se musi pouzivat opakované, coz mutze vést k absenci
nezbytnych prvki pro lidsky organismus v téchto potravinach. Mezi tyto prvky
muzeme zafazovat minerdly, vitaminy a primarné stopové prvky.

Stopové prvky jsou chemické prvky, které nas organismus potfebuje v malém
mnozstvi ke spravnému vyvoji. Zaroven tyto prvky nemohou byt v téle samy
vytvareny a museji byt pfijimany potravou. Jejich dlouhodoba absence proto mutize
mit pro organismus velmi nebezpecné dtisledky. Z tohoto ditvodu jsou v dnesni
dobé stopové prvky do potravy piidavany uméle. Zde ale muze hrozit druhé riziko
a tim je toxicita. Toxicita stopovym prvkem je jeho dlouhodobé nadmérné pozivani.
Tato toxicita je pro organismus opét velmi nebezpecnd. Dusledkem toxicity ¢i defi-
citu stopovych prvkit mtize byt selhani jater, poskozeni mozku nebo i smrt organ-
ismu.

Tato prace je zaméfend na stopové prvky mangan, méd a zinek. Cilem prace
je vytvoreni pfehledu pro kazdy z prvki po strance funkci v organismu, po strance
dtisledktr deficitu ¢i toxicity a po strance procesu vstiebani prvku do organismu.
Dals$im cilem prace je stanoveni téchto stopovych prvki v doplicich stravy za
pouziti metody plamenové atomové absorpcni spektrometrie (F-AAS). Pro man-
gan byl pouzit doplnék stravy Man Energy 30+ znacky Pharmaton, pro méd byl
pouzit doplnék stravy Pharma Activ a pro zinek byly vyuzity dopliky stravy zinku
GymBeam a Allnature.
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Priprava a charakterizacia novych typov
selektivnych kompozitnych membran
na baze polyméru Pebax a nanocastic

MOF UiO-66-NH,

Jana Florekovd
Karel Friess, Saeed Ashtiani

Ustav fyzikalni chemie, Vysokd $kola chemicko-technologicki v Praze, Technickd 5, 166 28
Praha, jflorekova3398@gmail.com

Problematika efektivneho zachytavania a odstrafiovania CO2 zo zmesi plyn-
nou predstavuje zasadny prispevok k zmiernovaniu klimatickej zmeny. ZniZenie
emisii CO2 pomocou membranovych technoldgii sa v porovnani s inymi techni-
kami povazuje za Cisté a ndkladovo efektivne. V priebehu poslednych 20 rokov sa
materidlovy vyskum zameral na vyvoj zmieSanych matricovych membran (MMM),
ktoré obsahuju anorganické nanocastice v polymérnej matrici. Novo vynéjdené
MMM materidly vykazuju lepSie mechanické a aj separacné vlastnosti oproti nepl-
nenym polymérom. V tejto praci bol ako polymérna matrica v MMM pouzity Pebax,
ktory obsahuje tuhé polyamidové (PA) a flexibilné polyéterové (PEO) segmenty so
zvySenou afinitou voci CO2. Do MMM boli zabudované kovo-organické nanocas-
tice MOF (UiO-66-NH2), ktoré poskytuji dusikové atémy ako vazbové miesta pre
molekuly CO2. Pridanie MOF nanocastic do matrice membrany sposobilo vyznam-
né zvySenie permeability a selektivity u dvojic plynov CO2/N2, CO2/CH4, CO2/H2
a O2/N2. Uz len u membrany s 5 hm. % zastupenim MOF nanocastic sa selektivita
CO2/N2 zvysila z hodnoty 45 na hodnotu 51 v porovnani s ¢istym Pebaxom, pricom
sa prekonala Robesonova hornd hranica (2008). U membrany s 10 hm. % UiO-66-
NH2 sa priepustnost oxidu uhli¢itého taktiez zvysila o necelych 34 % aj s narastom
selektivity CO2/N2. Kombindacia Pebax-MOF sa javi ako potencidlna pouzitena pre
aplikacie pre separacie plynov, napr. na zachytavanie a ukladanie CO2.

Morfoldgia membran a ich chemické zloZenie boli skimané analytickymi me-
tédami: ATR-FTIR, XRD, 3D optickym profilometrom, SEM a SEM-EDS analyzou.
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Akcelerace mikrobiologickych
vyzkumil za vyuziti strojového uceni

Jan Hrudka

Vysoka skola chemicko-technologickd v Praze, Technickd 5, 166 28 Praha 6,
jan.hrudka@outlook.com

Péstovani mikrobialnich kultur na kultiva¢nich médiich je metodou, pfiroze-
ného nartstu populace mikroorganizmii za kontrolovanych laboratornich podmi-
nek, slouzici k jejich identifikaci, ¢i ke zkoumani efektu vnéjsiho prostfedi na jejich
intenzitu reprodukce v ¢ase. V soucasné dobé jsou tyto experimenty velice rozsite-
né, ¢imz dochazi ke stale vétsi potfebé efektivnich kvantitativnich a kvalitativnich
vyhodnocovacich metod.

K vyhodnocovani mikrobidlnich kultur se obvykle vyuziva softwarti, které
nedokazi z fotografii kultur samostatné vyhodnotit zastoupeni mikromycet, a je tak
potfeba manualni asistence pracovnika u kazdé z fotografii, coz je znacné neefek-
tivni, nepfesné a nespolehlivé, coz doposud znacné omezovalo vyzkumnou ¢innost
v této oblasti.

Aurora za vyuziti strojového uceni dokaze nejenom s vysokou presnosti kla-
sifikovat jednotlivé zoény a ziskat tak jejich relativni velikost v daném case ale i
spocitat pocet kolonii a z kombinace téchto dat ziskat distribuci relativni velikosti
jednotlivych kolonii, coZ je ipIné novou metodou, ktera by mohla poodkryt novych
souvislosti v provadénych experimentech, a to vSe takfka bez nutnosti uzivatelské-
ho vstupu, ¢imz se cely proces vyhodnocovani v podstaté kompletné automatizuje,
coz vede k masivnimu zrychleni, diky ¢emuz je moZzné provadét rozsahlejsi experi-
menty s kvalitnéjsi statistikou a tak i podstatnéjsimi vysledky.
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Antioxidac¢ni aktivita ligninovych
nanocastic

Lucie Hruskova, Pavel Vostrejs, Adriana Kovalcik

Vysoké uceni technické v Brné, Fakulta chemickd, L'Isvtuv chemie potravin a biotechnologii
Purkyiiova 118, 612 00 Brno, Ceskd republika
219736@vutbr.cz

Lignin je spole¢né s celulézou a hemicelulézou pfitomen v sekundarnich
bunéénych sténdch rostlin. Z chemického hlediska ma lignin amorfni a vysoce
rozvétvenou strukturou s Sirokym obsahem funkénich skupin. Tyto skupiny jsou
zodpovédné za jeho jedinecné vlastnosti, mezi které se fadi absorpce UV zafeni,
antimikrobidlni nebo antioxida¢ni aktivita. Zaroven je lignin také povazovan za
nejrozsifenéjsi aromaticky biopolymer na Zemi. Navzdory velkému potencidlu vy-
uZiti, je jedna z hlavnich pfekazek skutecnost, Ze lignin izolovany z rtiznych zdroji
a riznymi metodami, disponuje odliSnou strukturou a vlastnostmi. Efektivniho
vyuziti ligninu 1ze dosdhnout snizenim velikosti ¢astic na nanorozméry. Tyto na-
nocastice mohou najit uplatnéni v raznych aplikacich, jako jsou nosice 1é¢iv, anti-
korozni vyplné kovii a antioxida¢ni nanokomponenty s ochranou proti UV zafeni.

Tato prace se zaméfuje na pfipravu nanocastic s vysokou antioxidacni aktivi-
tou z komercné dostupného kraft ligninu. Nanocastice byly pfipraveny metodou
solvent-exchange, pii¢emz byla porovnana rtizna rozpoustédla ligninu s dirazem
na nizkou toxicitu. (napf. voda, methanol, dimethylsulfoxid). U ziskanych nano-
Castic byla stanovena antioxidac¢ni aktivita metodou zhaseni radikald kyseliny 2,2*
azino bis(3 ethylbenzothiazolin-6-sulfonové)) (ABTS). Velikost a stabilita ziskanych
nanodastic byla analyzovana pomoci dynamického a elektroforetického rozptylu
svétla. Na zakladé provedenych méfeni byla potvrzena vysoka antioxidacni ak-
tivita a pomoci vody a dimethylsulfoxidu se podaftilo pfipravit nanocastice v roz-
mérech 45-100 nm. Tato prace poukazuje na skutecnost, Ze pfipravou nanoligninu
se vyznamné rozsifuji aplika¢ni moznosti ligninu v rtiznych odvétvich pramyslu.
Aplikace nanodastic jako plniva pro hydrogely bude pfedmétem nasi dalsi prace.

Podékovani:
Tato prace byla podpofena internim grantem FCH VUT (FCH-5-22-7909).
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V sticasnosti je drviva vécsina lie¢iv podavand pacientom systémovo, kedy
pritomnost tc¢innych latok v celom organizme podmienuje ich potrebné vyssie
davky a zérovent mozné vedlajsie ti¢inky. Tuto skutocnost sa usiluje zmenit kon-
cept cieleného dorucovania a riadeného uvolnovania lie¢iv, realizovatelny pro-
strednictvom rdéznych nosic¢ov, ktoré by mohli priniest zdravotné (minimalizacia
neziaducich ucinkov) aj ekonomické (minimalizacia potrebnej davky) benefity.
Ako vysoko potencialne nosice su predstavované magnetolipozémy, submikréno-
vé kompozity, kombinujiice magnetické nanocastice s lipozémami. Okrem signi-
fikantnych transportnych vlastnosti vykazuju vdaka svojim fyzikalnym vlastnos-
tiam superparamagnetizmus, ktory otvara moznosti vyuzitia radiofrekvenéného
(RF) pola na riadené uvolnenie lieciv.

Praca v prvej Casti Studuje vlastna pripravu magnetolipozémov, ich zéklad-
né parametre a vlastnosti. Magnetické nanocastice, stabilizované fosfolipidovym
obalom, boli opakovatelne pripravené modifikovanou koprecipitatnou metdédou
dosahujutc velkost jadier 6+1 nm (obrazova analyza z TEM). Magnetolipozémy boli
opakovatelne pripravené metédou hydratacie lipidového filmu s pridavkom mag-
netickych nanocastic pouzitim fosfatového tlmicu (PBS) (Obr. 1). Na ohranicenie
maximalnej velkosti bola vyuZzitd extruzia cez polykarbonatové membrany so Spe-
cifickymi velkostami pérov. Vzorky magnetolipozomov vykazovali aj po extruzii
polydisperznt distribuciu velkosti €astic, upravitelnt magnetickou separaciou.
Koncentracia Zeleza vo vzorkach bola spektrofotometricky urcena v rozmedzi 0,1
- 0,3 mg Zeleza/mg fosfolipidov. V stacionarnom magnetickom poli (B = 87+9 mT)
dosahovali podla obrazovej analyzy jednotlivé kompozity rychlost pohybu az 50
um/s (priblizne 120-nésobok ich vlastnej dizky za sekundu). Experiment v laminar-
nom pradeni, modelujaci fudské vlasocnice, ukazal schopnost magnetolipozémov
vytvorit ustaleny film na stene kapilary. Pri optimalnom zloZeni lipozomalnych
membran — dipalmitoylfosfatidylcholin, dimyristoylglycerofosfat sodny a choleste-
rol — bola magnetolipozémom v RF poli namerana priemerna rychlost ohrevu 0,38
°C/s (SAR = 600 W/g).

Praca dalej diskutuje spravanie magnetolipozémov s modelovou liecivou
latkou, norfloxacinom (NFX). Nosice s obsahom antibiotika NFX boli analogicky
pripravené hydrataciou NFX roztokom v PBS. Pritomnost NFX v magnetolipozoé-
moch bola potvrdena extrakciou do metanolu. Norfloxacin sa podarilo vyludit aj
posobenim RF pola, pricom ¢asovo dlhsie vystavenie a vyssie dosiahnuté teploty
viedli k va¢siemu mnozstvu uvolnenej latky. Uvolnenie NEX bolo sledované v RF
poli aj pri fyziologickych teplotach, avSak vystavenie magnetolipozémov externé-
mu zdroju zahrievania pri rovnakej teplote k tomuto efektu neviedlo. Na zaklade
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tychto dat predikujeme novy, unikatny mechanizmus vylucovania liecivej latky —
mechanické dezintegracie membran namiesto teplotného zvySenia permeability
membran. Bakteriostaticky ucinok uvolneného NFX bol potvrdeny experimentmi
na agarovych platniach s E. coli vytvorenim odpovedajucich inhibi¢nych zén. Pi-
lotné experimenty s magnetolipozomami, baktériami a uvolnovanim NFX v jed-
nom integrovanom systéme potvrdzuju inhibiciu rastu baktérii a ich optimalizacia
zostava predmetom dalSieho studia.
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Studiu hydrogel jako nosicti 1é¢iv nebo sledovani transportu lé¢iv v biolo-
gickych systémech a tkanich je stale vénovana vétsi a vétsi pozornost. Tyto systé-
my jsou charakteristické svou komplexnosti a studovani jejich struktury a jak tato
struktura ovliviiuje transport latek je pro tyto aplikace kritické. Pro feSeni a studo-
vani této problematiky se pravé vyuzivaji mikroreologické experimenty, zejména
pasivni mikroreologie.

Pomérné novym pristupem na fakulté je vyuziti simulaci pro podporu téchto
experimentti. Vzhledem k ¢asové naroc¢nosti klasickych experimentti v laboratoii,
at uzje to priprava vzorkii nebo samotné méteni, poskytuji simulace jednoznac¢nou
vyhodu v rychlosti pfipravy a vyhodnoceni dat — pfi vhodné navrzenych modelech
je mozné simulacemi optimalizovat provadéné experimenty efektivnéji a v mno-
hem krat$im case.

Cilem préce bylo navrhnout a vytvofit zdkladni modely, které budou schop-
ny vérné simulovat pohyb mikrocastic ve viskdznim a viskoelastickém prostiedi a
mohou byt vyuzity pro modelovéani pasivni mikroreologie. A dale rdmcové poskyt-
nout vhled do oblasti dalSiho feseni této problematiky a otevfit tak cestu dal$im
simula¢nim experimenttim.

Pro vypocet MSD z vysledkti simulaci byly vytvofeny skripty v programu
Matlab a vysledné visk6zni modely z této prace byly analyzovany jednoduchymi
studiemi a zaroven byla ovéfena jejich shoda s experimentalnimi daty. Déle byly
navrzeny zakladni modely simulujici viskoelastické prostiedi, kde pro navrh téch-
to modelt byly zvoleny dva odlisné postupy, a to vyuziti rigidnich piekazek za
predpokladu diskrétniho prostfedi a matematicky model uvazujici kontinualni
prostiedi.

Vysledna data z viskdzniho modelu prokazala dobrou shodu s experimental-
nimi vysledky a pii modelovani viskoelastického chovani se nejvice pfibliZil konti-
nualni matematicky model.
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Vyzkum transaktinoidd, tedy prvka s protonovym ¢islem 104-121, se v po-
slednich letech nezaméfuje jiz pouze na problematiku jejich syntézy a produkce, ale
stale vice i na analyzu jejich chemickych charakteristik; mezi hlavni patfi oxidacni
cisla, diky jejichz znalosti je pak mozné pfedpovidat existenci z chemického hle-
diska stabilnich sloucenin konkrétniho transaktinoidu. Zaroven je dtlezité zjisténi
vlivu relativistickych efektt, které se v téchto pfipadech jiz vyznamné projevuji
na jejich chovani. Kromé nejrozsifenéjsi thermochromatografie vsak lze také pro
chemicky vyzkum téchto prvkii vyuzit metod elektrochemickych.

Prace, jejiz dil¢i vysledky jsou publikovany v ramci tohoto prispévku, se vé-
nuje poc¢atkim navrhu pritokové elektrochemické aparatury (se zapojenim po-
tenciostatu Gamry Reference 600) pro provadéni cyklické voltametrie za ticelem
zjisténi oxida¢niho stavu homologii transaktinoid, konkrétné india a thallia, tedy
homologti nihonia (protonové ¢islo Z = 113) v roztocich o objemu nizsich desitek
mililitra a pfi milimolarnich koncentracich.

Podékovani

Podékovani patti docentu Mojmiru Némcovi, profesoru Janu Johnovi, dokto-
ru Pavlu Bartlovi a doktorce Miroslavé Semelové za pomoc pfi provadéni tohoto
vyzkumu. Prace byla ve své prvni ptli realizovana v ramci projektu ,, Development
of a method for radiochemical separation and identification of neutron-rich iso-
topes of heavy elements produced in heavy ion nuclear reactions at single atoms
level”, na kterém spolupracovala KJCH FJFI CVUT a Flerov Laboratory of Nuclear
Reactions / Joint Institute for Nuclear Research.
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Hydrogely lze zjednodusené predstavit jako zesitovana polymerni vlakna,
ktera mezi svymi fetézci poutaji molekuly vody. Casto toto mnoZstvi vody vyrazné
prevysuje hmotnost nosné polymerni sité hydrogelu. V soucasné dobé se vyzkum
zaméfuje na hydrogely, pro jejichz pfipravu jsou vyuzity polymery pfirodniho
pavodu. V této praci byl pro pripravu hydrogelovych systému vyuzit biopolymer
gellan. Gellan je polysacharid, jehoZ produkce probiha biotechnologicky za vyuziti
bakterie Sphingomonas elodea. V piipadé volby vhodného sitovaciho ¢inidla a
aditiv vyuzitych pfi pfipravé gellanovych hydrogelt jsou pak tyto materialy rov-
néz biokompatibilni a biodegradabilni, a jsou tak vhodnymi kandidaty pro vyuziti
ve farmaceutickém priimyslu a medicinskych aplikacich.

Hlavni néplni této prace bylo ovéfit hypotézu, zdali je mozné u fyzikalné si-
tovanych gellanovych hydrogelti ovliviiovat transportni vlastnosti prostfednictvim
cilené zmény v postupu piipravy, resp. kompozice hydrogelové matrice. Ovlivnéni
transportnich vlastnosti 1ze docilit dvojim zptisobem. Prvnim studovanym postu-
pem byla zména koncentrace gellanu v kompozici hydrogelu, kdy tento zptisob
ovlivnéni transportnich vlastnosti byl studovan na sadé vzorkii o rtizné hmot-
nostni koncentraci biopolymeru v hydrogelu (1, 2 a 4 hm.%). Druhym vyuzitym
zpusobem ovlivnéni transportnich vlastnosti byla zména iontové sily disperzniho
prostiedi hydrogelu. Tento zptisob byl studovan na gellanovych hydrogelech se 2
hm.% gellanu, kdy pro pfipravu hydrogelu byla vyuZzita deionizovana voda a 0,15
M roztok NaCl. Ke studiu transportnich vlastnosti gellanovych hydrogelii byl vy-
uzit model difuzniho paru, kdy byly dva hydrogely se stejnou hmotnostni koncen-
traci biopolymeru a shodnym disperznim prostfedim spojeny, jeden z hydrogelti
navic na pocatku experimentu obsahoval konstantni koncentraci modelové sondy
(methylenova modr) a takto pfipraveny difuzni par byl po definovanych casovych
intervalech méfen na UV-VIS spektrometru za vyuziti posuvného drzaku kyve-
ty, umoznujici zaznamenavat UV-VIS spektra v rtizné vysce v kyveté. Za ticelem
lepsiho porozuméni, jaky vliv maji sledované modifikace postupu pripravy hydro-
gelu na jeho transportni vlastnosti, byly vsechny studované hydrogely podrobeny
charakterizaci zékladnich viskoelastickych charakteristik pomoci reometru HR-2
(TA-Instruments). V ramci reologické analyzy byly provedeny amplitudové osci-
lacni testy. Ze ziskanych dat bylo zjisténo, Ze zménou koncentrace biopolymeru a
vhodnou volbou disperzniho prostfedi 1ze modifikovat jak transportni, tak mecha-
nické vlastnosti fyzikalnich gellanovych hydrogelti, coZ je vyhodné pro potencialni
aplikace, kde je nutné transportni charakteristiky definované fidit.
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Biologicky odbouratelné polymerni nanocastice se ¢asto pouzivaji k ochrané
molekul pfed degradaci, pro zlepseni rozpustnosti 1é¢iva, podpote cileni léciv a ke
kontrolovanému uvolnovani lé¢iva. Z rtiznych biologicky odbouratelnych polyme-
rti, pouzivanych jako nosice pro dodavani lé¢iv a dalsich molekul, je pravdépodob-
né nejpouzivanéjsi kopolymer kyseliny glykolové a mlécné (PLGA).

Pro zlepSeni protirakovinného terapeutického tcéinku chemoterapeutickych
1ékt1 a fotosenzibilizatorti je tfeba navrhnout vSestranné multifunkéni nanoplatfor-
my. K dosazeni tohoto cile byl v této praci vyvinut chemo-fototerapeuticky léko-
vy transportni systém zaloZeny na nanocasticich kopolymeru kyselin glykolové a
mlécné (PLGA) a jeho analogech s polyethylenglykolem (PEG) koenkapsulaci kol-
chicinu a purpurinu-18 (P18). P18 ma velky potencial jako protirakovinné 1écivo
pouzivané ve fotodynamické terapii a jako ¢inidlo pro zobrazovani nadort. Kolchi-
cin je povazovan za antimitotikum, které zastavuje riist a proliferaci rakovinnych
bunék. Jejich spolecné zapouzdieni do nanocastic mtize byt nadéjnym pfistupem k
vybudovani multifunkéniho systému dodavani 1ékt. Pouziti matrice PLGA nabizi
snadné prizptisobeni povrchu a jedine¢nou schopnost fizeného uvolnovani. Pro
dosazeni cileného dodavani byly v této praci navrzeny, syntetizovany, charakte-
rizovany a zhodnoceny nanonosi¢e PLGA konjugované s protilatkou pro cilené
dodavani kolchicinu s P18 do bunék kolorektalniho karcinomu a bunék rakoviny
prsu.
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Jedna z hlavnich dennich potfeb lidstva je voda, a to voda o urcité jakosti.
Celosvétové je problém s kvalitou zdrojii vody. Alternativou k hledani zdrojii vody
je pouziti vycisténé odpadni vody jak pro ticely pitné vody nebo pro tcely uzitkové
vody. Vy¢isténa odpadni voda je jiz dostatecné Cista a vhodna jako zdroj vody po
fadném docisténi. K docisténi se ve vétsiné pripadti pouzivaji membranové proce-
sy. Produktem membranovych procesti je kromé permeatu (voda o vhodné kvalité)
také koncentrat, ktery obsahuje zakoncentrované polutanty ze surové vody.

Cilem této prace je zmapovat moznosti likvidace koncentratu jakozto odpa-
du. Pro likvidaci koncentratu Ize uvazovat o vypousténi do more nebo kanalizace,
dale zpracovanim koncentratu na odparovacich rybnicich nebo ve vakuovych od-
parkach, dalsi moznosti je recyklace solanky z koncentratu nebo opétovné vyuziti
samotného koncentratu. Pfi pouziti vakuové odparky je nutné nakladat s odpate-
nym koncentratem obezietné, nebot muze byt klasifikovan jako nebezpecny odpad
podle vyhlasky ¢. 8/2021 - katalog odpadti.

Podékovani:
Rad bych zde podekoval firmeé ASIO, spol. s r.0. za technickou podporu a spolupraci.
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Carotenogenic yeasts belong to the class Basidiomycota, which includes the
following yeast genera: Cystofilobasidium, Rhodotorula and Sporobolomyces. All
these genera are characterized by overproduction of carotenoids. If these genera
have ideal conditions, they also produce high amounts of lipids. In addition, these
lipids consist of fatty acids characterized by a high content of polyunsaturated and
monounsaturated fatty acids, which find a wide range of uses in the food, pharma-
ceutical and agricultural industries. Therefore, carotenogenic yeasts are increasing-
ly being investigated in the biotechnological industry.

The goal was to find out how carotenogenic yeast will behave in the presence
of stress factors, and which of these stresses will have a positive effect on the pro-
duction of metabolites that can be further used in various industries.

The experimental part dealt with the exposure of carotenogenic yeasts to oxi-
dative stress and stress induced by heavy metals. The goal was to find out which
concentrations of these stress factors are lethal for microorganisms, and which are
optimal for increasing the production of the above-mentioned substances.

Of the yeast strains, Sporidiobolus pararoseus and Rhodotorula mucilaginosa
strains achieved increased production of metabolites under the influence of sele-
nate ions. Conversely, cobalt showed a favorable effect only on the accumulation
of lipids in cells and p-glucans. However, the highest changes in metabolite pro-
duction were achieved by addition of the optimal concentration of the oxidative
stress-inducing solution.
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One of the biggest concerns of modern agriculture is the contamination of
agricultural soil and water by pesticides. The excessive use of pesticides might be
affecting non-target organism such as aquatic organisms, birds, and animals. They
can also have negative impact on human health.

Plasma activated water (PAW) is a new type of liquid fertilizer prepared by
the interaction of plasma with liquids. The chemistry of plasma activated water is
similar to the gas plasma chemistry, with short-lived reactive oxygen and nitrogen
species (RONS) such as NO-, -OH or -O2-. Subsequently, these short-lived speci-
es form long-lived RONS, such as hydrogen peroxide, nitrites and nitrates, which
stay present in water for days. Thanks to H202 and NO2-, plasma activated water
gains antibacterial properties, while NO3- serves as a source nitrogen and small
amount of H202 can stimulate germination and growth of plants. These properties
can make plasma activated water a new and environmentally friendly tool to inc-
rease germination of seeds and subsequently, to increase and sustain agricultural
production, while it may also protect the seeds from bacteria.

In this work, plasma activated water was prepared by three different plasma-
-liquid systems and it was characterized by measurements of pH, conductivity,
and concentration of RONS. The first system was based on the dielectric barrier
discharge in air with the liquid electrode. In the second system, plasma was ge-
nerated directly in the liquid by high dc voltage, applied on the main pinhole-
-based electrode. In the third system, gaseous products from the dielectric barrier
discharge were bubbled into the liquid. A mixture of oxygen and nitrogen (1:4)
was used for plasma generation. Activation time was 2 minutes in all systems. The
effect of plasma activated water on seed germination was tested on seeds of white
mustard Sinapis alba, winter wheat Triticum aestivum and corn Zea mays.
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The concept of intelligent food packaging is a modern approach on how to
communicate information to the customer through packaging material. Indicators
or sensors could indicate that the packaged food is still safe to consume past the
use-by date or inform the consumer about the state of the modified atmosphere,
implying possible food packaging rupture. This could potentially help to reduce
food waste and ensure better food safety.

In this work an environment quality of food packaging sensor — an oxygen
indicator — was studied. The oxygen indicator was based on photocatalytic reduc-
tion using microcrystalline titanium dioxide, redox dye, sacrificial electron donor
and polymer matrix. The indicator gives a color change response to oxygen. The
kinetics of the activation of the indicator and the color change were assessed from
spectral measurements. The effect of sacrificial electron donor content on the kine-
tics of the reactions in the indicator was studied as well.

The oxygen indicator based on methylene blue is activated by UVA irradia-
tion with intensity of only 0,1 mW-cm-2 in 48 s and the color change response in
presence of oxygen is visible after 20 minutes. Further research in intelligent food
packaging may include more comprehensive study of photocatalytic oxygen sen-
sors, study of fluorescence-based oxygen sensors, indicators of ammonia, biogenic
amines, or carbon dioxide.
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This study aimed to use modern liquid chromatography for the evaluation of
an aminoclay-drug complex and also to determine the amount of drug in this com-
plex. The aminoclay-drug complex is a relatively new system for drug delivery in
the human body. This connection was already studied by many types of analytical
method with less or more successful results. The delivery matrix is based on organi-
cally modified aminoclay, magnesium phyllosilicate, which contains 3-aminopro-
pyl groups. Because of these free groups, it is possible to have a binding molecule of
the drug on the surface of complex. Aminoclay does not show signs of toxicity, and
it has a very good chemical, mechanical, and thermal stability, and it is also highly
soluble in water. These properties lead to the expectation in an increase of bioavail-
ability of drug in the human body with the use of the aminoclay-drug complex
instead of free drug or other drug carriers.

For verification of the binding drug, the method of liquid chromatography with
less or more successful results depends on use chromatography system, columns
and last but not least on type of binding drug. There exist many problematic parts
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water. The main problem is that pure aminoclay could be invisible for liquid chro-
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This presentation sums up efforts in a multi-instrumental environmentally
focused approach to direct solid-sample chemical microanalysis with focus on trace
metal accumulation in living systems. The effort aims to investigate the content and
distribution of heavy metals of interest (Pb, Cd, Zn, Hg, Mn, Al, Cr, Cu) in thalli and
hyphae of epilithic Antarctic fruticose lichens Usnea antarctica and U. auranticoatra
from the James Ross Island and study their relationship with the surrounding envi-
ronment and discuss bioaccumulating mechanisms and potential sources of heavy
metal contamination in a clean, pristine environment. The influence of habitat and
environmental conditions play an important role in the bioaccumulation of conta-
minants rather than simple presence of sources of contamination. A method for di-
rect determination of metallic elements from lichen fungal tissue using LA-ICP-MS
was developed for yielding optimal signal intensity during data acquisition using
a state of the art 193 nm ArF laser (Elemental Scientific Instruments) hyphenated to
a single collector sector field ICP mass spectrometer Element XR (Thermo Fisher).
This presentation also introduces work in progress of methodical development of
ToF-SIMS (TOFWERK, Thermo Fisher) analytical procedure as a comparative di-
mension of solid sample chemical microanalysis of trace metals in environmental
samples.

Keywords: Antarctica, heavy metal, lichen, microanalysis, bioaccumulator,
pollution, LA-ICP-MS, ToF-SIMS
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One of the most advanced approaches used in contemporary regenerative
medicine is tissue engineering. The key role in tissue engineering is played by a po-
rous structure (scaffold), which serves as a support for cells and is then integrated
into the human body. The scaffold must have a suitable porosity and 3D structure
for the cells to grow through the entire volume of it and form new tissue.

In recent years, a method of 3D printing is capturing attention in the bone
tissue engineering field as it allows complex tailor-made structures to be produced
in a time and cost-effective manner for every specific case and patient. Some bio-
plastics, such as polylactic acid, poly(3-hydroxybutyrate), or polycaprolactone are
appealing not only for their environmental friendliness but also for their biocompa-
tibility. [2] Recently, scaffolds from this group of polymers have been successfully
produced. [3] Furthermore, tricalcium phosphate as well as hydroxyapatite can be
used as a bioactive filler to promote in vivo osteogenic differentiation of mesenchy-
mal stem cells.

The work focuses on research on 3D printing and testing of P3HB-based
scaffolds for bone tissue engineering. Three polymer blends were prepared based
on either commercial poly(3-hydroxybutyrate) or P3HB from the chloroform-free
route, poly(lactic acid) and polycaprolactone, oligomeric adipate ester plasticizer,
and tricalcium phosphate as a bioactive filler, and processed into the form of 3D
printing filaments. The temperature tower test and warping test were conducted
to determine the processing conditions for 3D printing. The lowest warping coeffi-
cient was 1.26 for a blend of poly(3-hydroxybutyrate) with polycaprolactone and
plasticizer.

Tensile test, three-point flexural test, and compression test were used to stu-
dy the mechanical properties of materials. Scaffolds with different surfaces were
3D printed from prepared filaments to determine the most optimal surface for cell
proliferation. Optical contact angle measurement was conducted to determine the
surface properties and their influence on cell adhesion, followed by the calculation
of surface free energy. 3D printed surfaces were also subjected to roughness ana-
lysis by confocal microscopy to determine the effect of roughness on contact angle
with water and cell growth. Finally, in vitro tests on scaffolds were conducted to
classify the cytotoxicity of the materials and the influence of the scaffold’s surface
on cell growth and proliferation.

In the end, two out of three materials were proven to be non-cytotoxic (both
blends of poly(3-hydroxybutyrate) with polycaprolactone) and their mechanical
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properties were comparable with human trabecular bone. The most optimal sur-
face for cell growth was a grid with a distance between perimeters of 50 um and
roughness along the perimeter of 1.9 um, which corresponds with a water contact
angle of 74.1°.
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The diffusive gradients in thin films technique (DGT) was developed in the
1970s for in situ analysis of natural systems. The principle of DGT technique is
based on kinetic separation of chemical species from aquatic system according to
Fick’s First Law and their accumulation in sorption layer containing particles of
specific adsorbent. The DGT technique has opened new possibilities in the analysis
of microelements and organic residues, as the preconcentration in the sorption me-
dium simultaneously separates the measured analytes from the matrix improving
method detection limits. Traditional DGT devices employ sorption layer, diffuse
layer and membrane filter enclosed in a plastic piston with cap. The diffusion and
sorption layers consist of an agarose or polyacrylamide matrix, but the adsorption
materials used for specific application have been the main focus of further develop-
ment of DGT technique in recent years. One possibility is the use of waste materials
from the food industry, which contains a lot of bioactive substances, or the pyroly-
sis of biological material into biochar, which has a significant adsorption capacity.
For example, moringa seeds, spent coffee grounds or baker’s yeast have already
been used as adsorbents in DGT technique

This study focuses on characterization of adsorption properties of wheat bran
pyrolyzed at 600 °C compared to mercapto-functionalized silica gel as a referen-
ce material. Agarose diffusive gels were prepared by casting of hot 1,5% agarose
solution between two preheated glass plates separated by PTFE spacers having a
thickness of 0,8 mm and left to cool at 4 °C. Binding gels were prepared by incor-
porating biochar with particle size below 200 um into a 2% hot agarose gel using
0,5 mm PTFE spacers during suspension casting. Chemical composition and sur-
face area of raw wheat bran, biochar and binding layer disks were characterized
by Scanning electron microscopy, Energy dispersive X-ray spectrometry, ICP-OES
spectrometry, IR spectrometry and BET isotherm. In order to study the uptake effi-
ciency, binding kinetic, maximum adsorption capacity, effect of pH, ionic strength
and another metal ions, agarose-biochar disks were placed in 40 ml of a 1 mg.l-
1 mercury solution (0,01M NaNO3, pH 4,0+0,05; except monitoring influence of
these parameters) under constant stirring for 24 hours in triplicate. The diffusion
coefficients were determined by DGT time-series deployment method in 100 ug.1-
1 mercury solution, the diffusion boundary layer (DBL) was determined by DGT
deployment method using mercapto-functionalized silica binding gel in combinati-
on with diffusive layer with different thickness. This study has shown good adsorp-
tion potential of wheat bran biochar for mercury removal from aqueous solution
without the presence of NaCl in pH range 3-7. Diffusion coefficient and maximum
adsorption capacity of agarose-biochar binding gels were 6,24.10-6 cm2.s-1 and 0,50
mg.disk-1, respectively.
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The winery wastewater (WWW) production is significant. The typical WWW
amount is estimated at 1-4 1 per 11 of wine ; this sums to about tens of millions m3
in Europe. The WWW is produced mostly by equipment cleaning, during which
compounds like ethanol, organic acids (mostly acetic acid), unfermented sugars,
polyphenols etc. contaminate the WWW. Especially during vintage season (grape
crushing), the WWW shows a high chemical oxygen consumption (COD) and low
pH, which are extremely far from discharge limits to surface water, and typically
not acceptable even for wastewater treatment plants. Also, the WWW composition
is very inconsistent (COD values vary by up to three orders of magnitude with re-
ported extremes of almost 300,000 mg/l). That is the reason why there is interest in
development of WWW treatment and recycling technologies. The novel processes
must be robust enough to handle WWW composition, while being economically vi-
able and environmentally sustainable. A combination of evaporation and stripping
showed promising results for COD reduction of WWW, and it also reflects the mo-
dern approaches to WWW. One such approach is Zero Liquid Discharge (ZLD),
an idea of wastewater discharge elimination and a maximal recovery of water and
other potentially valuable products. The published literature shows that the ZLD
approach is yet to be applied to WWW, and there is also a limited amount of data
about WWW composition. This lack of information creates a clear research gap,
making the topic unique and suitable for further research. A solitary publication
containing comprehensive analysis of a few WWW samples was used as a founda-
tion for this research to identify important parameters and contaminants. WWW
composition is crucial to assess the recycling technology’s feasibility and aid the
design procedure. The final set of parameters consists of COD, pH, amount of fru-
ctose, glucose, ethanol and acetic acid. WWW samples for this research were taken
at winery in South Moravian region at the beginning of October 2022 (the critical
period of the vintage season) and analyzed at biweekly (14 days) intervals for 1
month. Parameters were determined by different methods: COD photometrically
using COD cell test, amount of fructose and glucose by HPLC, ethanol by GS-FID
and acetic acid by IC. The COD value of 8310 mg/l was measured for the input
sample and remain practically constant after 14 days and a month. The amount
of sugars was already found to be negligible during the first analysis. The sugars
were probably consumed by alcoholic fermentation to form ethanol while stored
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at the winery. This is confirmed by the initial ethanol content of 3.914 g/l. After
14 days and a month, the ethanol value dropped to 2.390 g/l and 1.890 g/l, due to
acetic fermentation to form acetic acid, the concentration of which increased from
0.649 g/l to 2.392 g/l and 3.733 g/l after 2 weeks and a month, respectively. These
found concentrations justify the choice of ethanol and acetic acid as the dominant
contaminants, since their theoretical oxygen consumption approximately corre-
sponds to the measured COD values (with typical deviations of less than 10 %). The
volatility of individual contaminants affects their respective concentrations in the
distillate from evaporation. While ethanol evaporates very easily, the concentration
of acetic acid will be significantly lower in the distillate and the sugars will remain
exclusively in the evaporation residue (concentrate). In the stripping step, it is then
possible to effectively separate the binary ethanol-water mixture, but the possible
presence of dissociating acetic acid negatively affects the quality of both products
(ethanol and stripped water). The results clearly show that the storage time can
have a decisive effect on the performance of the technology based on evaporation
and stripping. At the same time, it is possible to optimize the storage time to achieve
a certain technological goal.
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Drinking water quality can be represented by a variety of physical, chemical
and biological parameters. Their monitoring is an essential part of the drinking
water supply chain. To monitor them, drinking water suppliers are using time-
consuming and costly methods. To supplement these methods, on-line monitor-
ing of selected parameters helps to ensure higher quality control. However, these
on-line early-warning monitoring systems have some disadvantages such as high
price, lack of data analysis, need for reagents together with toxic waste generation
and often just a single parameter monitoring. Nowadays, there are some reagent-
free real-time monitoring systems already in use among a small number of drinking
water suppliers and their use is rather considered as experimental.

Development of early-warning system for drinking water supply based on
statistical modelling and utilization of sensors already available can provide a
cheaper, more suitable alternative and fill the gap in the market. This presentation
deals with our preliminary study, water quality data in Czech Republic and pilot
testing of selected optical sensor. This lab-scale pilot considers the need for use of
reagent-free methods and thus do not produce unnecessarily toxic waste, therefore
provides a sustainable alternative to commercially available monitoring systems.
Future work is needed to verify and up-scale this approach with an appropriate
validation methodology considering potential risks.
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Biomass energy is attracting more and more attention worldwide because it
is a potentially CO, neutral and renewable energy source. Direct combustion is the
conventional and most common way in which biomass is used to generate energy.
The ash produced during the burning of lignocellulosic fuels consists of two main
parts: fly ash and bottom ash. Fly ash is the lightest-weight component. It rises with
the flue gases and is captured by a boiler or incinerator’s air contaminant control
equipment. Bottom ash is the material that falls to the bottom of the burner unit.
Depending on the technology, bottom ash can be of ash consistency or often is a se-
mi-solid slag material. The chemical characteristics of ash remaining after biomass
burning depend on the types and quality of the fuels burned and the operating con-
ditions and technology of the biomass facility. Although burning of lignocellulosic
fuels produces ash that is “cleaner” than coal-derived ash or municipal solid waste
incinerator ash, the characteristics of this ash can be a concern for human health or
the environment.

In this study elemental composition of fly and bottom ash produced during
burning of sunflower, corn biomass and spruce wood under different conditions
was investigated. Fly ash was captured on filters and together with the bottom ash
they were mineralized in a microwave oven using nitric acid and hydrogen pe-
roxide. Subsequently, the content of Cd, Tl, Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Al, B,
Ca, Fe, K, Mg, Na, P and Zn was determined in all samples with the use of ICP-MS
and ICP-OES techniques. Based on the results, the possible use of bottom ash pro-
duced during burning of individual types of biomasses as fertilizer was considered,
and the possible risk of environmental pollution by metals in the emerging fly ash
was assessed.

Acknowledgement

The authors of the work are grateful for the funding provided within the in-
ternal inter-faculty BUT project FCH/FSI-J-22-7919: Emissions and properties of
dust particles from the combustion of non-woody biomass.

43

Study of the elemental composition
of fly ash and bottom ash formed
after the combustion of alternative
lignocellulosic fuels

Jakub Nabélek™, Pavel Divis', Markéta Kalivodovd® and Jakub Lachman?

1) Brno University of Technology, Faculty of Chemistry Purkyriova 464/118, 612 00 Brno
*xcnabelek@uutbr.cz
2) Brno University of Technology, Faculty of Mechanical Engeneering, Technickd 2896/2,
616 69 Brno

Biomass energy is attracting more and more attention worldwide because it
is a potentially CO, neutral and renewable energy source. Direct combustion is the
conventional and most common way in which biomass is used to generate energy.
The ash produced during the burning of lignocellulosic fuels consists of two main
parts: fly ash and bottom ash. Fly ash is the lightest-weight component. It rises with
the flue gases and is captured by a boiler or incinerator’s air contaminant control
equipment. Bottom ash is the material that falls to the bottom of the burner unit.
Depending on the technology, bottom ash can be of ash consistency or often is a se-
mi-solid slag material. The chemical characteristics of ash remaining after biomass
burning depend on the types and quality of the fuels burned and the operating con-
ditions and technology of the biomass facility. Although burning of lignocellulosic
fuels produces ash that is “cleaner” than coal-derived ash or municipal solid waste
incinerator ash, the characteristics of this ash can be a concern for human health or
the environment.

In this study elemental composition of fly and bottom ash produced during
burning of sunflower, corn biomass and spruce wood under different conditions
was investigated. Fly ash was captured on filters and together with the bottom ash
they were mineralized in a microwave oven using nitric acid and hydrogen pe-
roxide. Subsequently, the content of Cd, Tl, Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Al, B,
Ca, Fe, K, Mg, Na, P and Zn was determined in all samples with the use of ICP-MS
and ICP-OES techniques. Based on the results, the possible use of bottom ash pro-
duced during burning of individual types of biomasses as fertilizer was considered,
and the possible risk of environmental pollution by metals in the emerging fly ash
was assessed.

Acknowledgement

The authors of the work are grateful for the funding provided within the in-
ternal inter-faculty BUT project FCH/FSI-J-22-7919: Emissions and properties of
dust particles from the combustion of non-woody biomass.

43



Thermophilic Gram-positive bacteria
of the genus Aneurinibacillus: Unique
producers of various PHA copolymers

Veronika Rehakovd’®, Iva Pernicova? and Stanislav Obruca’

1) Institute of Food Science and Biotechnology, Faculty of Chemistry, Brno University of
Technology, Purkyiiova 454, 61200 Brno, Czech Republic, xcrehakovav@uutbr.cz
2 ) Institute of Food Science and Biotechnology, Faculty of Chemistry, Brno University of
Technology, Purkyriova 454, 61200 Brno, Czech Republic

Polyhydroxyalkanoates (PHAs) are biodegradable, biocompatible, and non-
-toxic biopolymers produced primarily by microorganisms. They share similar
properties with commonly used plastic materials (which are mostly derived from
petrochemicals) and could replace them in multiple applications. The most produ-
ced PHA is poly(3-hydroxybutyrate), but due to its high crystallinity, it is a rather
stiff and brittle material which limits its range of applications. However, when va-
rious monomers are incorporated into the PHA chain, the crystal structure of the
biopolymer is partially disrupted, and the mechanical properties of the bioplastic
are improved. Therefore, it is crucial to search for suitable PHA producers able to
utilize various substrates and produce different PHA biopolymers.

Although the PHAs are a very promising group of polymers, these materials
are currently unable to economically compete with conventional plastics. The com-
petitiveness of PHA can be increased using extremophile producers, such as ther-
mophilic bacteria. Due to their optimal growth temperature, the risk of contamina-
tion by other microorganisms is notably reduced. This can result in a reduction of
expenses related to maintaining sterile environments.

New thermophilic PHA-producing bacteria were found using an original iso-
lation procedure by Dr. I. Pernicova et. al. Based on the 165 RNA sequencing, these
thermophiles were assigned to the genus Aneurinibacillus. The ability of aneurini-
bacilli to synthesize poly(3-hydroxybutyrate-co-4-hydroxybutyrate) was previous-
ly demonstrated. This study aimed to further test the PHA production diversity
of these bacteria. Other PHA monomers were synthesized using lactones (y-va-
lerolactone, y-hexalactone, and d-valerolactone) and glycerol (4+4 g/L). Aneurini-
bacillus strains have been shown to have an unusual ability to incorporate several
PHA monomers into the structure of the PHA. Among the compounds produced
are 4-hydroxyvalerate (69.3 mol.% of total PHA content), 4-hydroxyhexanoate (31.9
mol.%), and 5-hydroxyvalerate (47.1 mol.%). Furthermore, it was proved that the
produced copolymers are less crystalline compared to poly(3-hydroxybutyrate)
and can thus exhibit more suitable mechanical properties for various applications.
Thermophilic bacteria of the genus Aneurinibacillus are considered promising
producers of interesting PHA copolymers and their potential will continue to be
investigated.
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Main goal of this work were cultivations of carotenogenic yeasts with the aim of
enhanced biomass, lipidic substances (such as carotenoids, ergosterol and coenzy-
me Q), and a lipid production.Selected yeast strains were Sporidiobolus pararose-
us, Sporidiobolus metaroseus, Cystofilobasidium macerans, Rhodotorula glutinis,
Rhodotorula mucilaginosa and Rhodosporidium toruloides.

Main idea was to implement circular economy approach using waste pro-
ducts (such as waste frying oil, spent coffee grounds, and waste coffee oil) as sour-
ces of carbon in the media and to find the optimal composition of the production
media and to maximize the production of selected metabolites. The second phase
of experiments consisted of cultivation on waste coffee hydrolysate and waste oil
and subsequent optimalization of phosphorus and magnesium concentration in the
media.

Overall results show that of the tested strains, the highest production capabi-
lities on waste materials, were achieved by the Sporidiobolus pararoseus strain. All
cultivations that took place in media with coffee hydrolysate and waste oil show
better production of metabolites and biomass than yeasts in control media.

Acknowledgement

The study was supported by the Internal grant competition, which is imple-
mented as part of the OP VVV project entitled Quality internal grants BUT (KInG
BUT); reg. number: CZ.02.2.69/0.0/0.0/19_073/0016948 specifically by KInG No. 7746

45

Metabolic characterization of
carotenogenic yeasts cultivated on
waste products of food industry

Sikorovd Pavlina', Hladkd Dagmar®, Szotkowski Martin®

1) Brno Univerzity of Technology Faculty of Chemistry, Brno, Czech Republic
xcsikorovap@uutbr.cz
2) Brno Univerzity of Technology Faculty of Chemistry, Brno, Czech Republic,
hladka7@gmail.com
3) Brno Univerzity of Technology Faculty of Chemistry, Brno, Czech Republic
xcszotkowski@fch.vut.cz

Main goal of this work were cultivations of carotenogenic yeasts with the aim of
enhanced biomass, lipidic substances (such as carotenoids, ergosterol and coenzy-
me Q), and a lipid production.Selected yeast strains were Sporidiobolus pararose-
us, Sporidiobolus metaroseus, Cystofilobasidium macerans, Rhodotorula glutinis,
Rhodotorula mucilaginosa and Rhodosporidium toruloides.

Main idea was to implement circular economy approach using waste pro-
ducts (such as waste frying oil, spent coffee grounds, and waste coffee oil) as sour-
ces of carbon in the media and to find the optimal composition of the production
media and to maximize the production of selected metabolites. The second phase
of experiments consisted of cultivation on waste coffee hydrolysate and waste oil
and subsequent optimalization of phosphorus and magnesium concentration in the
media.

Overall results show that of the tested strains, the highest production capabi-
lities on waste materials, were achieved by the Sporidiobolus pararoseus strain. All
cultivations that took place in media with coffee hydrolysate and waste oil show
better production of metabolites and biomass than yeasts in control media.

Acknowledgement

The study was supported by the Internal grant competition, which is imple-
mented as part of the OP VVV project entitled Quality internal grants BUT (KInG
BUT); reg. number: CZ.02.2.69/0.0/0.0/19_073/0016948 specifically by KInG No. 7746

45



Effect of selenium and cobalt ions on
algal and cyanobacterial biomass and
metabolite production

Pavlina Sniegoriovd, Dominika Spackovd, Martin Szotkowski

Brno University of Technology Faculty of Chemistry, Brno, Czech Republic,
xcsniegonovap@uutbr.cz
Brno University of Technology Faculty of Chemistry, Brno, Czech Republic
Dominika.Spackova@out.cz
Brno University of Technology Faculty of Chemistry, Brno, Czech Republic
xcszotkowski@fch.vut.cz

The use of microalgae and cyanobacteria in biotechnology is increasing in po-
pularity nowadays. Microorganisms are capable of producing various metabolites,
among which we can include carotenoids and lipids. Many of these metabolites
have antioxidant properties or properties that positively influence biological pro-
cesses. These desirable properties make further use in the food or pharmaceutical
industry possible.

The aim of the current experiments is the optimization of cultivation condi-
tions and the application of suitable stress factors to produce more biomass and
enhance the production of selected metabolites. Cultivations were conducted on
algal strains Chlorella minutissima and Chlorella sorokiniana and cyanobacterial
strain Arthrospira maxima in a basic medium with the addition of increasing con-
centrations of Se6+ and Co2+. The positive effect of the addition of Se6+ was most
noticeable in Arthrospira maxima and Chlorella sorokiniana.
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Bacterial cellulose (BC) is one of the most interesting polysaccharides which
is produced by microorganisms. Compared to plant cellulose, BC is synthesized
without residues of other molecules such as lignin, hemicellulose, and pectin. The
purity of the synthesized BC gives it an indisputable advantage over plant-based
cellulose, which requires complex isolation and purification.

BC is structurally composed of a dense and organized 3D network of fibrils
that form porous layers. This biopolymer is characterized by high crystallinity,
thermal stability and better mechanical properties compared to plant cellulose. BC
can absorb a large amount of water, is non-toxic, biocompatible, and hypoallerge-
nic. Thanks to its high porosity, BC is able to carry molecules such as functional
substances (antimicrobial, antioxidant, anti-inflammatory, etc.) or beneficial micro-
organisms (like probiotics or postbiotics) and then deliver them to a specific target,
e.g. food packaging or wound healing.

BC has enormous potential in a wide range of application. Currently, much
attention is focused on using BC in the biomedical field. The versatility of this mate-
rial demonstrates a wide range of individual possible applications, such as dressing
materials and wound coverings, vascular grafts, scaffolds for tissue engineering or
artificial blood vessels.

Non-modified BC has unique physical and mechanical properties. However,
to make full use of the potential of BC, it is necessary to modify BC by various
methods. By modification, the chemical structure, porosity, crystallinity, or fiber
density are changed. With adequately designed modification, it is possible to signi-
ficantly improve and adjust the resulting properties for a specific application.

This work deals with a comparison between non-modified BC membranes
and modified BC membranes by a crosslinker. The research was focused on the po-
int of morphology, water content, swelling profile, viscoelastic behaviour and ad-
sorption capacity of BC. It was proved that BC could adsorb methyl orange or other
anionic/cationic dyes. Composites intended for the targeted distribution of drugs
can be prepared by adding antibiotics or other substances to the BC structures.
However, the adsorption capacity of BC depends on the porosity and functional
groups present on its surface. With a correctly chosen modification we can prepare
a composite that will meet the specified requirements of particular applications.
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Wine clarity is considered one of the basic parameters of quality wine. For this
reason, the musts are clarified before fermentation.

The content of lees particles in must is determined by many factors, as e.g.
vintage, maturity, variety, health/damage of the grapes; the subsequent technolo-
gical processes used are also important. Clarification is a necessary technological
step, especially for white and rosé musts. This step results in cleaner and better
quality wines by reducing the content of harmful microorganisms, pesticide residu-
es, heavy metals and mineral impurities such as dust or plant residues. However,
on the other hand, an excessive clarification may have negative effects, mainly the
reduction of volatile compounds content and consequently modification of sensory
quality of wines. There are several clarification methods used in practice: sedimen-
tation, centrifugation, filtration, ultrafiltration or flotation. Fining agents, e.g. bento-
nite, can be applied to promote agglomeration and settling of lees.

In this study, the influence of various clarification techniques (sedimentation,
filtration and fining) on the course of alcoholic fermentation, chemical composition
and sensory properties of produced model wine samples was investigated. Non-
-clarified must was used as control. Two white grape varieties, Riesling (Ryzlink
rynsky) and Pinot Gris (Rulandské Sedé), were selected and used to produce wine
samples; the whole production process took place in a winery under standard con-
ditions [4]. Finished wine samples were subjected to analyses.

The sensory evaluation was carried out by panel of six professional assessors
using the International Union of Oenologists’ 100-point scale, and aroma profiles
of wines were compiled. Using Alpha FT-IR spectrometer and Miura One analyser,
the basic chemical parameters — density, alcohol, glycerol, titratable acids, pH, re-
ducing sugar, glucose and fructose, tartaric, malic, acetic and lactic acids content
were assessed; further total phenolic content (Folin-Ciocalteu assay), total flavanol
content (DMAC spectrophotometric assay), antioxidant activity (FRAP and DPPH
assays) were evaluated.

From the results obtained we can conclude, that grape variety and degree of
maturity had the greatest influence on the quality of wines. Riesling variety was
sensorially better evaluated than Pinot Gris - floral, citrus and herbal notes predo-
minated in Riesling, while floral, herbal and fruit notes with slight defective tones
in Pinot Gris variety. The clarification process clearly has a positive effect on qua-
lity, as the control sample was sensorially the worst; sedimentation for 24 hours
(Riesling) or fining by bentonite for 12 hours (Pinot Gris) can be recommend for
practical use.
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Microalgae and cyanobacteria are autotrophic organisms interesting due to
the production of a wide range of active substances of interest such as carotenoids,
chlorophylls, proteins, and phenolic compounds. The production of these substan-
ces predisposes them to use in the cosmetics and food industry. This work aimed
to investigate this application potential from the point of view of determining the
cytotoxicity of extracts from the microalgae and cyanobacteria [1,2]. Cell lines of
immortalized human keratinocytes HaCaT and colorectal adenocarcinoma cells
CaCo-2 served as a model of the skin and intestinal barrier.

Aqueous and ethanol extracts were prepared from cultivated and commercial
biomass of the genus Chlorella and Spirulina, which were subsequently characteri-
zed in terms of the content of the above-mentioned active substances. The highest
amount of Chlorophyll b and carotenoids were extracted into 96% ethanol. On the
other hand, aqueous extracts showed the highest extraction yield and also antioxi-
dant activity.

Aqueous extracts of cultured microalgae and cyanobacteria were therefore se-
lected to determine cytotoxicity using the MTT test. LC50 on skin cells was over 30
vol. % for both extracts from microbial biomass, on intestinal cells it was determi-
ned even over 45 vol. %. The tested extracts are therefore considered to be suitable
for use as additives eighter in the cosmetic and food industries.
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Cold atmospheric pressure plasma (CAPP) technology has achieved a great
deal of attention in recent years, due to its positive attributes, including high effici-
ency against a wide range of microorganisms, ease of operation, economic simplici-
ty and also environmental friendliness. Various effects and also some mechanisms
of inactivation of bacteria and tumor cells have been explained over the last decade
but the effects and mechanisms of fungi inactivation have not yet been sufficiently
investigated. The aim of this work is to verify the effects of chosen low-tempera-
ture discharges on the model yeast example C. glabrata, in order to establish basic
plasma set-up for further studies and experiments in vivo and to expand a global
knowledge about the antifungal effects of CAPP. This study focuses on the effects
of CAPP on C. glabrata as a representative of non-albicans species with the intenti-
on of its inactivation in order to help the problematic sterilization of small medical
devices and subsequently find a new treatment method for superficial infections
caused by Candida.

In this study, 4 different discharges, namely: microwave discharges (unipolar
and surface wave) in the form of plasma jets, transient spark and corona discharge
in the form of corona pen were tested. All discharges were tested by direct applica-
tion onto a 24-hour inoculum of C. glabrata inoculated on agar plates. The results
were evaluated based on the size and stability of the inhibition zones formed in the
post treatment cultivation. From the individual measurements optimal conditions
for testing the inhibitory effects of low temperature discharges on the selected yeast
were determined. The microwave discharges (unipolar and surface wave) were
chosen to be the most effective in the inhibition of C. glabrata. The measurements
were therefore pursued with these discharges under selected conditions correspon-
ding to chosen application of sterilization of surface infections in living organisms.
The unipolar microwave discharge was chosen to be the most effective discharge
for the potential treatment of superficial candidiasis.

The results of this work prove significant inhibitory effects of CAPP on the
yeast C. glabrata, within the limits of in vitro cultivation and the so-called flat bio-
logy. The overall inhibitory effects are directly proportional to the irradiation time,
the magnitude of applied power and also the area covered by the discharge. In
terms of the initial cell concentration an indirect dependency can be observed, but it
can also be stated that this factor is less significant compared to the other examined
factors.
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In recent decades, interest in the field of organic electronics has grown enor-
mously, not only at the level of basic and applied research, but also in the commer-
cial sphere. Devices developed on the basis of organic transistors laid the foundati-
on for organic bioelectronics.

The essential component of organic bioelectronic devices is mainly polymer
with a conjugated mt-system. Currently used polymeric materials often carry modi-
fied thiophene motifs. Several such polymers have been developed, but they often
show some limitations, including low sensitivity, stability, or biocompatibility. The
synthesis of new suitably functionalized conductive and semiconductive polymers,
i.e. their monomer building units, is one of the ways to minimize the limitations.

This work focuses on the synthesis of thiophene derivatives with new bio-
-inspired side. Their side chains carry one of four amino acids: L-alanine, L-proline,
L-lysine or L-arginine. Amino acids are linked to the thiophene nucleus by glycol
linkers of various lengths. The basic synthetic approach to the preparation of mo-
nomers was esterification under Steglich conditions.

An oligoglycol linker was chosen for the study due to several studies proving
that the polyglycol side chains of polythiophenes improve their electrochemical pr-
operties. However, beyond a certain number of glycol units, the material becomes
too hydrophilic and loses its internal order upon contact with the electrolyte, which
is undesirable. To study this dependence, derivatives with different lengths of the
oligoglycol linker were synthesized.

The design of the target materials was chosen so that the synthesized mono-
mers could be polymerized under oxi-DArP (catalytic oxidative direct arylation po-
lymerization) conditions. For some monomers, homopolymerization under these
conditions has been investigated. The great advantage of the chosen method was
the possibility of avoiding metalation and halogenation, which are often accom-
panied by reactions with flammable, toxic and dangerous reagents, which are also
sensitive to the presence of atmospheric moisture/oxygen.
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Raman spectroscopy is a non-destructive analytical technique based on Ra-
man scattering, which is an inelastic scattering of electromagnetic (EM) radiation
during the interaction with electrons in chemical bonds. Raman-active molecular
bonds are typical by their high polarizability and are associated with specific Ra-
man signals. Therefore, most molecules have their typical Raman spectra, by which
their presence in the sample can be identified. However, Raman spectroscopy is
relatively insensitive, low concentrations of molecules often give a very weak re-
sponse.

This drawback can be overcome by a technique known as surface-enhanced
Raman spectroscopy (SERS), using noble metal (Au, Ag) nanostructures to amplify
Raman spectroscopic signals by localized plasmon resonance, which is a coherent
oscillation of electrons that arises from the interaction of metal nanostructures with
EM radiation. The enhancement of Raman scattering takes place when the analyte
is adsorbed on the surface of the nanostructures, in areas with intense EM field
oscillations, so-called hot spots. Raman signal amplification of several orders of
magnitude can be achieved, commonly 103, but in certain cases up to 1011-1014.

The goal of our work was to use different SERS-based techniques to analyze
microorganisms. The analyses were performed both directly, by using SERS to am-
plify signals of bacterial metabolites, and indirectly, with so-called Raman tags (or
SERS-tags). SERS-tags are gold nanoparticles (AuNPs) that have their surface modi-
fied with antibodies, which bind to a specific bacterial strain based on antibody-an-
tigen affinity, and Raman reporter, a molecule which provides a specific and strong
Raman signal amplified by SERS on the AuNPs. When the signal of Raman reporter
is observed in a sample, it indicates that the selected bacterial strain is present.
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It the time of global energy crisis, societies are forced to seek for solutions that
lead to self-dependent energy system. The European Union’s regulations, especi-
ally Renewable Energy Directive (2009/28/EC) and REPowerEU plan, prove that
renewables play tremendous roll in future energy strategies [1]. Solar power is the
really spectacular achiever among renewables. As International Renewable Energy
Agency shown, global net installed photovoltaic capacity overtook that of wind
energy at the end of 2021. Over 157 TWh, or 16.7 % of global photovoltaic electricity
was generated across the EU in 2021 [2]. Heart of most commercially used solar
cells is pure silicon. However, silicon is not the only material capable of efficient
light-to-current conversion. In the recent years, metal halide perovskites have be-
come a rising star of optoelectronics with potential to enhance or even replace sili-
con in many practical applications (solar cells, photodetectors). These inexpensive
and abundant materials have very intriguing properties (tunable bandgaps, large
optical absorption coefficient, high electron and hole mobility, etc.), suitable for va-
rious applications: solar cells, photodetectors, LEDs [3]. In less than 13 years of
active study of photoactive perovskite layers, the efficiency of solar cell grew from
3.8 % (2009) to remarkable 25.7 % (2021). In tandem perovskite-silicon solar cells
they can achieve efficiencies around 30 % [4]. The EU, including others, recognized
the great potential these materials have and financed many projects dealing with
halide perovskites. The biggest among them, Perovskite Thin-film Photovoltaics
(PERTPV) with funds of € 4 996 041 [5].

In our latest work [6], we focused our attention to methylammonium lead
bromide (MAPbBr3), a member of the APbX3 perovskite family (A is monovalent
cation such as Cs+, CH3NH3+ or HC(NH2)2+, X is halide such as Cl-, Br—, I-), that
proved to be relatively stable and efficient in light-to-current transition in visible
spectrum under ambient condition. More specifically, we studied the effect of cha-
nnel length on the output performance and stability of planar-type photodetectors
based on high-quality methylammonium lead bromide (MAPbBr3) single crystals.
Such crystals, were synthesized via inexpensive, inverse temperature crystallizati-
on method and were further used for fabrication of planar Au/MAPbBr3/Au pho-
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todetectors with variable channel length (in the range between 125 um and 25 um).
We used these devices to detect low intensity light in visible spectrum. Our findings
point out that, the channel length has a profound impact on photocurrent densities
and key detector parameters (responsivity R, external quantum efficiency EQE and
specific detectivity D¥).

In the studied five-fold electrode spacing, the photocurrent density increased
over four-times, with decreasing active area of the devices. We attributed this effect
is to intrinsic photocurrent amplification, happening in the planar photodetector
architecture. The responsivity and external quantum efficiency also increased with
decreasing active area of the device. On contrary, increasing channel length redu-
ced intensity of the dark current and improved overall detectivity of the device.

Based on the calculated output parameters we determined the sample with
lowest detection limit, i.e. Au/MaPbBr3/Au photodetector with channel length of 50
pum. This sample exhibited maximum output performance (R of 19.6 A W-1, EQE
of 4 253 % and D* of 3.4x1012 cm Hz1/2W-1) at 200 nW c¢cm-2, which is, to our best
knowledge, the weakest light intensity detected using bulk MAPbBr3 single crys-
tals. Moreover, the functional stability of this device showed minimal reduction of
photodetection ability after 2 000 cycles, which makes it very promising for the next
generation of optoelectronic devices.

Our results indicate that the MAPbBr3 single crystals have tremendous po-
tential in the field of filter-free detection of visible light around 570 nm. In addition,
we proved that the sample with channel length of 50 um shows the best output per-
formances of all prepared photodetectors. All gained knowledge could potentially
accelerate halide perovskite’s path to the global market.
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Humic acids are a heterogeneous mixture of organic compounds that are na-
turally found in water and soil. In recent years, there has been a growing interest
in the application of green fertilizers containing humic acids in agricultural acti-
vities. Humic acid was isolated from South Moravian lignite. Corrosion test was
performed on a low-carbon steel using a potentiodynamic polarization test in 0.1
M NaCl. Results suggest that corrosion was initially promoted due to the formation
of complex compounds of humic acids with released iron ions. After a long time, a
positive effect of humic acid was observed as the corrosion resistance of low-carbon
steel increased due to adsorption of humic acid.
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The aim of this study is to assess the influence of process parameters during
the hydrothermal synthesis of CaP coatings on their properties. The monitored pa-
rameters were deposition time, pH of the reaction mixture, and concentration of
precursors in the reaction mixture. For the deposited CaP coatings on AZ31 mag-
nesium alloy, the surface morphology and the number of structural defects were
evaluated using scanning electron microscopy (SEM). Electrochemical corrosion
properties were evaluated using polarization techniques in Hank’s solution. The
measurements and analyses showed that the best results were obtained for the
sample prepared in a reaction mixture at 120 °C, pH 5 for a deposition time of
120 min, when the concentration of precursors in the reaction mixture was 0.30 M
Ca(NO3)2-4H20 and 0.28 M NH4H2PO4. This sample reach the corrosion potential
Ecorr 1470 mV and the corrosion current density icorr was 0.158 pA-cm 2.

Based on electrochemical impedance spectroscopy (EIS) deposited coating
significantly increased the corrosion resistance of the substrate in the short term
(24-48 h) as the polarization resistance increased. Long-term corrosion tests showed
that after 48 h the corrosion medium partially passed to the Mg substrate when the
polarization resistance sharply decreased.

The deposited CaP coating consisted of 70.62 at.% of oxygen, 15.44 at.% of
calcium, 13.72 at.% of phosphorus, and 0.21 at.% of magnesium. Based on this data
and data from X-ray Diffraction Spectroscopy (XRD) it was proved that this coa-
ting was composed of DCPD (dibasic calcium phosphate dihydrate) with a small
amount of octacalcium phosphate (OCP) .
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and data from X-ray Diffraction Spectroscopy (XRD) it was proved that this coa-
ting was composed of DCPD (dibasic calcium phosphate dihydrate) with a small
amount of octacalcium phosphate (OCP) .
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The chemical engineering processes of cooling gasses by the pilot plant shell
and tube heat exchangers with tubes made of innovative material is the major topic
of this work. The aim of the work is to verify the theoretical convenience of silicon
carbide as a better heat transfer surface material compared with borosilicate glass,
traditionally used well chemically resistant material characterized by two orders
of magnitude worse thermal conductivity. Subsequent applications in processes of
removal of gaseous air contaminants via liquid absorber is the motivation. Experi-
mental data for both materials were compared as well as results from the theoretical
computational model using the j factor, the correction factors for the baffles, and the
correction for air humidity condensation (according to the Perry’s chemical engi-
neers’ handbook).

Heat transfer on two exchangers with glass or carbide tubes and eight plastic
baffles was examined under constant conditions by cooling the air by 50% propyl-
ene glycol in tubes with flow about 3 kg/s. Coolant flowed through the exchanger
three times, the speed about 1,8 m/s was reached in 60 tubes of an inner diameter of
11 mm. So only laminar flow rates were observed (Reynolds number about 1100).
The inlet coolant temperature was chosen to be just above 0 °C, about -7 °C and
about -15 °C. Air flowed in shell of inner diameter 0,2 m. The air flow could be
regulated by frequency changer, 150-300 kg/h were used for experiments with a
step of 25 kg/h. This corresponds to the off-layer speed up to 3 m/s, when the Reyn-
olds number is about 3000. The inlet air temperature was chosen to be about 15
°C, 35 °C, 55 °C and about 75 °C. The humidity of air could be increased by water
stream influx with intensity 1,5 kg/h or 2,5 kg/h. Both heat transfer media flowed
in a recycling loop.

Outlet temperature of streams and outlet air humidity were measured as well
as air pressure drop in the exchanger, flow rate of both streams, input temperature
of streams and pressure, temperature and humidity in the laboratory. So, then the
experimental value of the heat transfer coefficient could be calculated from the air
flow, heat capacity of air, temperature change of air, heat losses, mean temperature
difference between heat transfer media and heat transfer surface.
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Heat losses to the surroundings from exchangers were estimated based on cal-
culations from dimensionless criteria. Due to these losses, the temperature profile
in the exchanger was changed significantly, so that the mean temperature differ-
ence did not longer correspond to the commonly used logarithmic computational
relationship (LMTD), so LMTD value needs to be corrected.

For glass, the experimental heat transfer coefficient was about 25 % higher at
maximum flow than the theoretical model indicates. In the case of silicon carbide,
the experimental value is about 44 % higher than the theoretical. But, in the case
of the lowest examined air flow, for carbide, the experimental data are only 8 %
higher than the theoretical, and, for glass, the experimental data are 1 % lower than
the theoretical. It was also confirmed that with increasing amounts of condensing
humidity in the exchanger, the heat transfer coefficient of the dry air decreases by
up to 4 % during the performed experiments (the outlet air temperature increases
slightly). At lower temperatures and lower flow rates, the values of the heat transfer
coefficient are affected by heat losses, so the experiments using thermal insulation
were done and are being evaluated.
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The continuously rising overall energy demand brought humankind to a
point where we face substantial problems. As threats like the global energy crisis
caused by the deficiency and depletion of fossil fuels or the fallout of greenhouse
gas emissions on Earth’s climate become strongly evident, a significant challenge
lies in the hands of the science community. Artificial photosynthesis is a promising
solution. By mimicking natural photosynthesis, these energetically unfavourable
processes provide light energy storage into the chemical bonds of molecules of so-
-called solar fuels, economically valuable substances like molecular hydrogen, me-
thane, or methanol.

The artificial photosynthesis’s bottleneck is photosensitisers, the compounds
playing the inherent role of providing initial solar irradiation capture and conse-
quent electron transfer through the system to a photochemically unreactive sub-
strate.

The natural omnipresent yellow pigment riboflavin, generally known as vi-
tamin B2, has been successfully applied as the photosensitiser in numerous light-
-driven reactions, including photosensitised oxidations in organic synthesis, envi-
ronmentally significant photochemical degradations of water pollutants [1], and
within the medical sciences for photodynamic therapy in cancer treatment [2]. Hen-
ce, the photosensitising properties issue from the core of the molecular structure of
riboflavin, isoalloxazine.

Our research deals with its isomer, alloxazine and its derivatives; our research
group has recently studied the synthesizability of [3-4]. Consequent optical and
electrochemical properties evaluation uncovered a possible use as a photosensiti-
ser for hydrogen and oxygen evolution, advantaging in low toxicity and potential
biocompeatibility.

We are currently preparing significant precursors for synthesising advanced
visible and near-infrared-absorbing flavins with the mentioned properties. De-
signing of the molecules is based on quantum-mechanical modelling for possible
photocatalytic activity prediction. The already tested synthetic approaches include
benzoin condensation, Friedel-Crafts acylation, Sonogashira coupling or Weinreb
amide use.
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Agarose is a linear polysaccharide naturally occurring in algae which in aque-
ous environment under proper conditions can form a hydrogel structure. Agaro-
se is a biocompatible material and thus is used in extracellular matrix modeling
and tissue engineering. Moreover, agarose is also well-known for its application in
electrophoresis and as a nutrient medium. Agarose chains are considered almost
uncharged, however, a small amount of sulfate groups are presented in these mo-
lecules.

In this proposed work, an impact of interactions between these groups with
various surfactant molecules on the rheological properties of agarose hydrogels
was studied. For this purpose, cetyltrimethyl ammonium bromide (CTAB) as catio-
nic surfactant, sodium dodecyl sulfate (SDS) as anionic surfactant and Tween 20 as
nonionic surfactant was utilized. Whereas neither anionic nor nonionic surfactants
additions showed any influence on the rheology properties of agarose hydrogels,
CTAB reported a significant impact in broad range of surfactant concentration (0.1
to 200 mM) covering amounts over as well as below the critical micellar concent-
ration. In these samples, the storage modulus (related to crosslinking density) was
increased from 3660 + 450 Pa up to 6670 + 530 Pa for 20 mM CTAB. Moreover,
significant change was observed also in the linear viscoelastic regions (related to
stiffness of nodes) which were shifted to higher values of applied strains with any
CTAB addition compared to a reference sample. This was attributed to ionic inter-
actions between the negative groups on the agarose backbone with positively char-
ged surfactant molecule which strengthen the hydrogel structure. This assumption
was supported by the turbidity measurements, where the increase of CTAB con-
centration up to 2 mM led to higher turbidity due to forming of aggregates. Even
higher CTAB concentrations further lowered the turbidity due to solubilisation of
these parts with a help of increasing number of micelles.

It might be concluded, that even a small amount of negative sulfate groups
presented on the agarose backbone can have a significant impact on the rheological
behavior when reacting with positively charged surfactant molecules.
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Ceramic PTCR thermistor, or so-called posistor, is used in electrical circuit as
a semiconductive component. Its electrical resistance increases sharply in a specific
temperature interval after reaching Curie temperature TC, at which the barium tita-
nate undergoes phase transition from tetragonal ferroelectric phase to paraelectric
cubic phase. Due to this property, the posistor is used in a wide range of electro-
nic applications, including indestructible fuses serving as an overload protection
in electric motors, self-regulating heating elements, or special applications such as
compressor motor starters in refrigerators.

Disadvantage of PTCR BaTiO3 based ceramics is that one of its key parame-
ters, resistance at room temperature R25, decreases with time. In literature, various
of aging mechanisms are mentioned, most of which attribute this phenomenon to
diffusion of oxygen vacancies.

Impedance spectroscopy is used to separate contributions of regions with di-
fferent electrical properties, such as grain bulk and grain boundary, and modulus
plots provide additional information that cannot be derived from the impedance
plane.

In this work, impedance and modulus spectroscopy was measured in time
steps to determinate, which region was the most responsible for aging process. Ba-
sed on results of our measurement it can be said that only the grain boundary de-
grades with time. In addition, third contribution of unknown region was observed.
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Organic conducting materials in the form of thin films are commonly used
in various bioelectronic devices for advanced diagnostics or cell stimulation, such
as biosensors, neural probes, electrode arrays or ion pumps for selective drug deli-
very. This is possible thanks to the unique properties of these materials, especially
their relatively good biocompatibility and mixed conductivity - the ability to con-
duct both ions and electrons. Because of this, such materials are able to transmit
the signal between the biological environment and electronical device very well, in
comparison to conventional inorganic materials. One of the main factors that influ-
ence this transmission are the physical and mechanical properties of the material in
contact with the biological environment. Thin films are, however, very distinctive
from biological tissue. Because of the minimum (or non) water content, thin films
are very hard and rigid. When in contact with the biological tissue, such thin films
often cause an inflammatory reaction or scarring at the interface between the device
and the tissue, which can negatively affect signal transmission and thus reduce the
efficiency of the entire device.

The answer to these problems could be conductive hydrogels based on orga-
nic conducting materials. Such hydrogels, due to the high water content possesses
mechanical and physical properties very close to those of living tissue. Unlike co-
mmonly used hydrogels, such as gelatine or agarose, they are also electrically and
ionically conductive and thus represent an ideal material for creating an interface
between the biological environment and electronic device.

In this work, we prepared a conductive hydrogel for use in regenerative me-
dicine based on a completely new polymer composite - PEDOT:DBSA. The rheolo-
gical characterization revealed that the mechanical strength of the hydrogel as well
as the gelation time can be easily tailored to the desired application by changing
the amount of cross-linking agent. The LDH biocompatibility assay of xerogels sho-
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wed a very good biocompatibility of this material compared to that of the culture
plastic dish. The structure of the hydrogel was investigated using scanning electron
microscopy and was found to be of a rough, spongy nature. These results indicate
that this hydrogel has great potential for use in various fields of regenerative me-
dicine.
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A serious problem of poly(3-hydroxybutyrate) is its low thermal stability and
narrow processing window. Upon heating to temperatures between 170 and 200 °C,
the typical processing temperatures, the random chain scission of PHB is firstly ma-
nifested by the change in molecular weight and viscosity. During the degradation,
two sub-molecules are formed, one with unsaturated crotonate end group, and the
other with a carboxylate end group, which can be exploited for further reactions.

A laboratory kneader was used to study the processing changes of poly(3-
-hydroxybutyrate) in the melt with and without the addition of selected reagents
with different chemistry: isocyanates, carbodiimides, alcohols and epoxides; and
functionalities: from two to polyfunctional. Prepared samples with varied amount
of the additives were characterised by means of processing performance, molecular
weight and thermal properties determination, and some profound changes were
observed.

Generally, bifunctional additives showed a higher increase in torque values
at the end of the processing compared to the reference for the higher tested do-
sage, as expected due to the higher probability of the additive finding two polymer
ends. The highest value was measured for carbodiimide reagent Stabaxol® 1 LF,
45% higher than neat PHB. In addition, the relative torque during kneading of the
sample with 10-fold overdose of Stabaxol surpassed the reference during the whole
processing time. Hexamethylene diisocyanate, bis(2,6-diisopropyl-phenyl)carbodi-
imide and diglycidyl ether of bisphenol A in 10-fold molar overdose towards PHB
chain also led to 13-16% higher weight average molecular weight compared to the
reference.

Trifunctional additives were effective in increasing the absolute values of
processing torque and compensating for the loss of molecular weight in all tested
dosages. Quite surprisingly, they were the most effective in the smallest amounts
tested, as manifested by a profound change in the slope of the relative processing
torque. This is caused by the plasticizing effect of the reagents in higher dosages.
Nevertheless, glycerol in 2-fold dosage exhibited more than two times higher
torque after 5 minutes of kneading at 185 °C than the reference. Moreover, it rea-
ched the highest molecular weight measured as well — 44% more than the neat PHB.

The effect of polyfunctional additives on final processing torque and molecu-
lar weight increases with higher dosages with few discrepancies. The highest num-
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bers were achieved for 100-fold overdose of poly(glycidyl methacrylate), which has
an 87% higher end-torque and 25% higher molecular weight.

Overall, some of the studied compounds showed to be promising candidates
for PHB chain extension as their addition really caused profound changes in PHB
processing performance and the resulting properties of the material.
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At the beginning of the 21st century, spiro-Trdger’s base (spiroTB), i.e. the
constitutional isomer of the well-known Troger’s base (TB), was discovered. To
date, only five spiroTB derivatives have been described. In 2012, we discovered
that the formation of the nickel(Il) complex of porphyrin TB is accompanied by the
formation of spiroTB, which was the only known spiroTB molecule that contained
a porphyrin core in its structure. Here we present preparation of a series of new
porphyrin spiroTB derivatives with different meso-aryl substituents as nickel(II)
complexes or as free base molecules.

Enantiomers of the prepared nickel(II) complexes were separated using a chi-
ral HPLC. We found, that the enantiomers of spiroTB show better chiral resolution
in comparison to the enantiomers of TB analogues. This suggests that spiroTB could
perform better than traditional TB in chiral recognition applications. Moreover, we
successfully resolved the enantiomers of spiroTB on a preparative scale and measu-
red their ECD spectra for the first time.

Free base porphyrin spiroTB derivatives were successfully prepared for the
first time. We found, that free base derivatives of spiroTB show intensive absorption
bands at around 675 nm of the radiation spectra. This absorption band is located
in the area of the so-called phototherapeutic window (650 850 nm), which makes
these compounds attractive as possible photosensitizers for photodynamic therapy
of cancer.
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Photoluminescent materials based on organic conjugated molecules have
attracted much attention due to their applications in various fields such as biolo-
gical probes, chemical sensing and optoelectronic systems. The strong solid-state
fluorescence (SSF) of such materials with emphasis on single-crystal emission is of
importance for light-emitting field-effect transistors, stimuli responsive materials,
organic light-emitting diodes (OLEDs) and water-dispersible nanoparticles in bio-
medicine and live-cell microscopy. The efficiency of SSF depends on the combinati-
on of intermolecular and intramolecular processes that can cause either quenching
or enhancement of photoluminescence quantum yield (PLQY). Therefore, to under-
stand and effectively utilize the relationship between the optical properties of ma-
terials and their modified structure is very much desired. In this work, the optical
properties of a series of new m-conjugated DPA DPS EWG (DPA - diphenylamino,
DPS - 2,5-diphenyl-stilbene building blocks, EWG — electron withdrawing group)
were investigated. By varying the strength of the EWG, the LUMO energy could be
tuned, resulting in a change of the SSF maxima in the interval from 380 nm to 630
nm, covering a range of 250 nm. These results demonstrate the potential of such an
approach for the development of multicomponent white-light-emitting materials.
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Nanoparticles abound with unique properties due to their large specific sur-
face. These properties have earned them great popularity in most fields, ranging
from medical, energy, electronics, and environmental applications to personal care
products and food industry. The large-scale application of nanoparticles is accom-
panied by their abundant release into the environment during their lifecycle, inclu-
ding production, transport, storage, application, and final disposal. In addition,
nanoparticles created as a by-product of human activity contribute to nanoparticle
emissions. Pt nanoparticles are mostly used in medical and catalytic applications,
but the main emission sources are automotive catalysts of which they are a by-
-product.

Environmental implications caused by nanoparticle pollution are not very
well understood yet.

In this study we focus on how fulvic acids are influenced by nanoparticles. Ful-
vic acids are an essential part of the environment. They influence a wide spectrum
of biogeochemical processes such as solubilization, energy and nutrient supply,
surface water photochemistry, plant growth or biotransformation of xenobiotics.

It has been shown, that fulvic acids change their physical conformation due
to temperature changes. After being exposed to heating and cooling cycle there is a
slow structural relaxation.

In this study six fulvic acids with various concentrations of Pt nanoparticles
were analyzed by measuring ultrasonic velocity and density to evaluate the adia-
batic compressibility. Structural relaxation times were obtained from the measu-
rements. Pt nanoparticles seem to interact mostly with the aliphatic chains of the
fulvic acids. There was observed an increase of the structural relaxation time when
the aromaticity of the fulvic acid was low.
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Since their discovery in 1977 by Nobel prize laureate Alan Heeger and his
team, the investigation on organic conjugated polymers is the subject of many stu-
dies around the globe. These unique materials attract big attention as they possess
great optical, electrical, morphological, and mechanical properties. Moreover, these
lightweight and easy-to-process materials can be utilized in different thin, large-
-scale, mass-produced, and flexible devices. They already have huge impact in the
daily life in applications like organic transistors, organic light-emitting diodes, sen-
sors, or photovoltaic devices and their character makes them serious competitors to
the conventional inorganic materials. Nevertheless, there are still some drawbacks
and challenges that needs to be deal with where probably the most important cha-
racteristic is the overall performance of these organic materials, which can be read-
ily solved by molecular structure tailoring.

Polythiophenes are among the most studied conjugated polymers in the field
of organic electronics, however the plain polymer backbone of unsubstituted thio-
phene units is semiflexible and forms strong aggregations which leads to insolubi-
lity. This massive processability issue is usually solved by the side chain substitu-
tions that, besides positively impacting the formation of self-assembled structures
thanks to the intra- and interchain interactions, can also enhance the overall optical,
electrical, and electrochemical properties. By this way, the 3-alkylated polythiophe-
nes gain great scientific interest, where mainly linear or branched alkyl derivatives
are the subjects of the research.

This work focuses on the synthesis and study of optical and electrical pr-
operties of two novel regioregular poly(3-adamantylmethylthiophene) (PMAT)
and poly(3-adamantylethylthiophene) (PEAT) polymers, characterized by a bulky
adamantane side group. These thermally and chemically stable materials show
good solubility in common organic solvents hence are convenient for upscaling,
industrial processing, and production of stable and long-life devices. The molecular
ordering was investigated by the GIWAXS technique, the experiments confirmed
the presence of both crystalline and amorphous phases. While the charge carrier
mobilities are comparable to the reference poly(3-hehylthiophene) (P3HT), on the
other hand the absorption and emission measurements indicate less flexibility in
rotation of the adamantyl-methyl/ethyl side groups both in solution and in thin-la-
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yer samples. Moreover, both PMAT and PEAT appear the ability to transport both
holes and electrons. All of this make these newly synthesized polymers a promising
alternative to the reference P3HT for a wide range of applications in electronics and
optoelectronics.
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This work deals with ,Relationship between the structure and ballistic resis-
tance of RPC composites” deals with cementitious composites based on RPC (Reac-
tive powder concrete) with a focus on the final mechanical properties. In contrast
with traditional quasi-static loading, this work deals with high-velocity dynam-
ic loading with a focus on resistance to ballistic loading. In order to achieve in-
creased resistance to dynamic stress, it is necessary to optimize the granulometry
of the filler and the use of high-strength aggregate, significantly reducing the water
content and the use of superplasticizers. The response of the cementitious compos-
ite to dynamic stress can be monitored by a ballistic test. The resistance to ballistic
loading is monitored by depth of penetration (DoP - Depth of Penetration) after the
impact of the projectile on the cementitious composite.

This work deals with the optimization of particle size distribution of fillers
and the preparation of cementitious composites under reduced pressure (porosity
reduction) using fiber reinforcement. These parameters are monitored by tradition-
al mechanical tests for building materials and ballistic tests to monitor the response
to high-velocity dynamic loading.
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Nowadays the interest in the study of hydrogel is constantly growing, as these
gel systems find application in various sectors of human activity. Hydrogels are
ionically, chemically and/or physically cross-linked polymers with a three-dimen-
sional network structure, which is able to absorb and hold large amount of wa-
ter or biological fluids to a thousand times of their own weights. This property
makes them the ideal candidate for various applications, such as tissue engineering,
wound healing, drug delivery systems, biosensors and bioelectronics, wastewater
remediation, daily life product and so on.

This work is focused on the preparation and subsequent characterization of
structural and transport properties of hydrogels with the double-network struc-
ture concerning their application potential. With regard to already existing research
papers, hybrid hydrogels were prepared as a combination of synthetic polymer
and natural polysaccharide, such as polyvinyl alcohol (PVA) and sodium alginate
(ALG). In the preparation of this gel’s hybrid network a freeze-thawing cycle tech-
nique for physical cross-linking of PVA was used. Also, calcium ions were used for
ionic cross-linking of sodium alginate. Another part of this work is tailoring of the
internal structure of hybrid hydrogels with lecithin as a model of the phospholipid
bilayer, forming the cell membrane or occurring in tissue.

Physicochemical methods were used to characterize their viscoelastic, swell-
ing and transport properties. Rheology measurements, specifically oscillation and
amplitude tests, were used to study these viscoelastic properties. Morphology of
the prepared hybrid hydrogels was confirmed by electron microscope scanning.
Transport and release properties of gel systems were determined by diffusion ex-
periments with the UV-VIS spectrometry detection, in which an organic dye (meth-
ylene blue) was used as a model probe.

The results present that all the measurement data indicate that sodium algi-
nate, or lecithin affects the properties and structure of the hydrogel, which make
it possible to alter the properties of hybrid gel systems according to the required
applications.
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