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Studium elektrochemického chovani
sekundarnich struktur oligonukleotidt
adsorbovanych na povrchu elektrody
z pyrolytického grafitu

Ondiej Chytry

Stredni primyslova skola chemicka Brno, Vranovska,
pfispévkova organizace

Studynka 59, Omice 66441
chytry.ondrej@seznam.cz

Nukleové kyseliny mohou vytvaret rGzné sekundarni struktury.
Kromé obecné znamé dvousroubovice mohou Useky deoxyribonu-
kleové (DNA) nebo ribonukleové kyseliny (RNA) o vhodné nukleo-
tidové sekvenci zaujmout tzv. alternativni struktury, napf. kfizové
formy, triplexy nebo guaninové (G4) ¢i cytosinové kvadruplexy
(tzv. I-motivy). Jsou-li tyto struktury vytvareny v urcitych mistech
genomové DNA (napf. v promotorovych oblastech gen(), mohou
ovliviiovat dulezité procesy (expresi pfislusnych gent). Diky mo-
dernim elektroanalytickym metodam, je mozné nukleové kyseliny
citlivé detekovat pomoci bézné pouzivané rtutové kapkové elektro-
dy nebo nové vyuzitim elektrody z pyrolytického grafitu (PGE)". Ta
diky svému Sirokému rozsahu vyuzitelného potencidlu (-2,0 V az
1,6 V) umoznuje detekci jednotlivych bazi nukleovych kyselin i je-
jich produkt( elektrochemické pfemény. Ovéreni moznosti jejiho
vyuziti pro detekci sekundarnich G4 struktur DNA pomoci PGE bylo
podstatou této prace. Byl studovan vliv podminek (sloZeni elekt-
rolytu a velikost potencidlového okna) na detekci vybranych oli-
godeoxynukleotidd (ODN) pomoci cyklické voltametrie v prostre-
di 0,2 mol.I"" acetatu sodného nebo amonného pufru pH 5,0. Pro
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nasledna méfeni byl zvolen 0,2 mol.I"" amonno-acetatovy pufr pH
5,0, ve kterém ODN poskytovaly nevy$si redoxni signél guaninu?.
V tomto pufru byly dale zkoumany vysky vS§ech dostupnych redox-
nich signali ODN adsorbovanych na PGE ve vztahu k jejich pfed-
pokladané sekundarni formé, které v roztoku za vhodné zvolenych
podminek tvofi. Vysledky této prace dokazuji nemoznost rozliSeni
mezi jedno-vlaknovou, dvou-vldknovou a G4 formou ODN vyuzitim
voltametrického méfeni na PGE. Divodem mze byt nedostate¢na
stabilita sekundarnich struktur po jejich adsorpci na povrchu elek-
trody nebo rozpad sekundarni struktury vlivem vlozeného potenci-
alu. Podrobnéjsi studium bude soucasti navazujici prace.

Literatura

[1] Barek, J.; Opekar, F.; Stulik, K. ELEKTROANALYTICKA CHEMIE.

[2] Spacek, J.; Darihel, A.; Hason, S.; Fojta, M. Label-Free Detection
of Canonical DNA Bases, Uracil and 5-Methylcytosine in DNA
Oligonucleotides Using Linear Sweep Voltammetry at a Pyroly-
tic Graphite Electrode. Electrochem. commun. 2017, 82 (July),
34-38. https://doi.org/10.1016/j.elecom.2017. 07. 013.

Podékovani

Timto bych chtél velice podékovat vedoucimu mé prace panu RNDr.
Alesi Danhelovi, Ph.D. z Biofyzikalniho ustavu (BFU) Akademie véd
Ceské republiky z Oddéleni biofyzikalni chemie a molekularni on-
kologie predevsim za jeho velkou ochotuy, trpélivost a spoustu vé-
novaného ¢asu pfi praci, skvélou spoluprdci i za ohromny pfisun
znalosti.
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Fluorescencni spektroskopie ve
vyzkumu modelovych systémii pro
cilenou distribuci léCiv

Martina Ruttkayova

Stredni primyslova skola chemickd Brno, Vranovska,
pfispévkova organizace

Nalepkova 97, Brno — Jundrov 637 00
martina.ruttkayova@seznam.cz

Simona Patlokova

Tato prace se snazi objasnit alespon ¢astecné zaklady vyzkumu
cilenych nosicl léciv, které je mozno vyuzit napfiklad pfi IéCbé ra-
koviny. Jednou z metod |éCeni rakoviny je napfiklad chemoterapie.
Tento typ |éCby zasahuje celé télo a dochazi k celkovému oslabeni
organismu. Chemoterapie je pro télo mnohdy vétsi zatézi nez ne-
moc sama. Cilené nosice neplsobi na celé télo, ale ucinkuji pou-
ze v oblastech zasazenych rakovinnym bujenim. Na vyvinuti 1éCby
pomoci cilenych nosicl léciv pracuji vyzkumnici na celém svété,
protoze by méla eliminovat nezadouci U¢inky chemoterapie na lid-
sky organismus.

Zameéfily jsme se tedy na metodu fluorescenéni sondy v oblasti
vyvoje cilenych nosi¢l léciv. Fluorescence je zde vyuZita hlavné
k charakterizaci model( pro cilenou distribuci léCiv. Zkoumané mo-
delové nosice IéCiv jsou zalozeny na elektrostatické interakci klad-
né nabitych agregatll tenzidu a opacné nabité hyaluronové kostry.

Soucasti této prace je seznameni se s vyzkumem pomoci fluores-
cenéni sondy. Déle jsou zde méfena fluorescenéni spektra pyrenu
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ve vybranych modelovych systémech. Cilem je prace zjistit rizna
chovani tenzidu a vytvofenych micel v ur€itych simulovanych pro-
stfedich.

Literatura

[1] Cileny transport IéCiv [online]. Vysoka Skola chemicko-
-technologicka v Praze, 2017 [cit. 2020-01-10].

[2] SIMECKOVA, Marie. Transport platinovych cytostatik do bunék
[online]. [cit. 2020-01-07]. Univerzita Palackého v Olomouci,
prirodovédecka fakulta. Vedouci prace Prof. R NDr. Viktor
Brabec, DrSc.

Podékovani

V prvé fadé bychom chtély podékovat nasi vedouci prace Ing. Te-
reze Venerové, Ph.D., za jeji trpélivost a odborné vedeni. Také by-
chom ji chtély podékovat za ochotu, podporu a umoznéni prace
v laboratofi fyzikalni chemie pfi VUT v Brné.

Dale bychom chtély podékovat Mgr. Tereze Dibravové za konzulta-
ci a rady k nasi praci. Také dékujeme nasim rodi¢iim a pratelim za
trpélivost a podporu béhem nasi prace.
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Ma lignin antibakterialne vlastnosti?

Martin Chovanec', Pavel Vostrejs?,
Adriana Kovalcik®

T Ustav chemie potravin a biotechnologii, Fakulta Chemicka, VUT
v Brné

Purkyrfiova 118, Brno, Ceska republika
xcchovanecm@vutbr.cz

2 Ustav chemie potravin a biotechnologii, Fakulta Chemicka, VUT
v Brné

Purkyfiova 118, Brno, Ceska republika

Ligniny st aromatické biopolyméry s amorfnou Strukturou zlozené
z fenylpropanovych jednotiek s réznymi funkénymi skupinami. Za-
kladnd funkcia ligninu v rastlinach je ochranna a stuZujtca funkcia
cievneho systému. Antibakteridlna aktivita extraktov z rozlicnych
lignocelul6zovych rastlin je vSeobecne akceptovatelna [1]. Avsak
ligniny su heterogénne a po izolacii z rastlin maju fyzikalne a che-
mické vlastnosti odlisné od ,nativneho ligninu” pritomného v bun-
kovych stendach rastlin. Jednoznaénd Struktdra ligninu doposial
nebola popisana.

V tejto praci bola skimana hypotéza, ze séda lignin izolovany z hroz-
novych vyliskov by mohol mat antimikrobidlne vlastnosti [2]. Izol&-
cia ligninu prebiehala pomocou tzv. sédového rozvldkrovania (soda
pulping) [3], prebiehala dvoma sp6sobmi a to za pouzitia laborator-
nej aparatury za atmosferického tlaku a pomocou hydrotermalne-
ho autoklavu, vyrobeného pre tdto pracu. Nasledne bola porovhana
efektivita tychto metéd, pricom efektivnejSia bola izoldcia ligninu
v hydrotermalnom autoklave, s vytaZznostou 36,35 g ligninuna 100 g
hroznovych vyliskov. Zaroven bola pomocou FTIR preukdzana vys-
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Sia Cistota takto izolovanej vzorky. Lignin izolovany oboma spdsob-
mi nemal antimikrobialne vlastosti, ¢o bolo preukazané pomocou
jamkovej difuznej metddy. Naslednou modifikacou ligninu Castica-
mi striebra bola dosiahnuta antibakterialna aktivita, avsak ziadna zo
vzoriek nepésobila proti kvasinkdm. Antimikrobialna aktivita bola
testovand na baktériach Bacillus subtilis, Escherichia coli, Micrococ-
cus luteus, Serratia marcescens a kvasinkach Saccharomyces cere-
visiae a Candida glabrata, pricom najvysSia aktibakteridlna aktivita
bola zaznamenana pri Micrococcus luteus.

V tejto prdaci bolo zistené, ze lignin izolovany z hroznovych vylis-
kov je mozné modifikovat naviazanim Castic striebra a tym dosia-
hnut jeho antibakterialne vlastnosti voc¢i gram-pozitivnym aj gram-
-negativnym baktériam.

Literatdra

[1] A. Gregorova, Lignin: Antibacterial Properties, in: M. Mishra
(Ed.), Encyclopedia of Biomedical Polymers and Polymeric Bio-
materials, Taylor & Francis, CRC Press Inc2015, pp. 4328-4334.

[2] T.V. Lourengon, G.G. de Lima, C.S. Ribeiro, F.A. Hansel, G.M.
Maciel, K. da Silva, S.M. Winnischofer, G.I. de Muniz, W.L. Ma-
galhaes, Antioxidant, antibacterial and antitumoural activities
of kraft lignin from hardwood fractionated by acid precipitation,
International Journal of Biological Macromolecules 166 (2021)
1535-1542.

[3] T.V. Lourengon, G.G. de Lima, C.S. Ribeiro, FA. Hansel, G.M. Ma-
ciel, K. da Silva, S.M. Winnischofer, G.I. de Muniz, W.L. Magalh3es,
Antioxidant, antibacterial and antitumoural activities of kraft lignin
from hardwood fractionated by acid precipitation, International
Journal of Biological Macromolecules 166 (2021) 1535-1542.

Pod‘akovanie

Tato praca bola podporena internym grantom FCH VUT ¢. FCH-
-S-21-7440.
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Konstrukce jednoduchého syntetického
bakterialniho konsorcia s délbou prace

Stanislav Juraéka', Pavel Dvorak'

' Laboratof bioinzenyrstvi mikroorganismu, Ustav experimentalni
biologie (Oddéleni mikrobiologie), Pfirodovédecka fakulta,
Masarykova univerzita,

474088@mail.muni.cz

Mikrobidlni konsorcium je souziti dvou nebo vice odlisnych mikro-
organismd, které spolu néjakym zplsobem interaguji. Témér kazdy
volné Zijici mikroorganismus na planeté Zije v néjakém druhu mik-
robialni komunity. Diky této Zivotni strategii se muze ¢len konsorcia
odprostit od naro¢ného zivota samotére a specializovat se na jeden
dany ukol. Toto oznacujeme jako princip délby prace. V poslednich
letech rapidné roste zdjem o mikrobialni konsorcia v oblastech bio-
technologii a syntetické biologie. Ve srovnani s klasickym vyuzitim
pouze jednoho kmene délba prace teoreticky zvySuje vytézek konco-
vého produktu a odolnost bunék vici stresu. [1]

Cilem prezentovaného projektu je vytvorit jednoduché mikrobidlni
konsorcium slozené ze dvou rekombinantnich kmen0 biotechno-
logicky atraktivni bakterie Pseudomonas putida. Konsorcium bude
vyuzivat principu délby prace. Je navrzené tak, aby jako zdroj uhliku
bylo schopné zpracovat modelovy polymerni substrat karboxyme-
tyl celul6zu (CMC), ktera simuluje odpadni rostlinou biomasu, a z ni
generovalo cilovy produkt s vyssi pfidanou hodnotou. Prvni kmen
produkuje celulolytické enzymy, které jsou do prostredi vypustény
indukovanou bunécénou lyzi. Enzymy ndsledné zacnou Stépit pfi-
tomny polymerni substrat. Druhy kmen roste na uvolnénych mono-
sacharidech a oligosacharidech a tvofi pozadovany produkt.
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U mikrobidlnich systémi s indukovanou bunécnou smrti je Casto
problém s bazalni expresi smrticiho genu. Proto je v této diplomové
praci vyzkousen novy systém fidici expresi genu, takzvany digitali-
zacni modul. Modul zajistuje, aby k expresi toxického genu dochaze-
lo jen a pouze v pfitomnosti specifického induktoru. [2]

Zatim se nam podafilo metodami genetického inzenyrstvi pfipravit
zdaklad pro planované konsorcium — dva kmeny P, putida oznacené
zelenym a Gervenym fluorescenénim proteinem. Do kmene s Cer-
venym fluoroforem byl viozen plasmid s digitalizaénim modulem
a lytickym genem a byla testovana jeho funkce. Bunécné kultury
jsou analyzovany spektrofotometricky v mikrotitraénich destic-
kach a pomoci pratokové cytometrie.

Dalsim krokem je dokonceni pfipravy rekombinantnich kmend
a otestovani jejich funkci samostatné. Nasledné budou kmeny
skombinovany v syntetickém konsorciu, jehoz chovani bude detail-
né analyzovano a srovnano s kmenem, ktery bude v§echny funkce
konsorcia zaji§tovat sdm. Toto srovnani potvrdi ¢i vyvrati hypotézu
o vyhodnosti délby prace u tohoto konsorcia.

Literatura

[1] Juracka S., Bakalarska prace, Vedouci prace Dvofak P,
Masarykova univerzita Pfirodovédecka fakulta, Brno 2020,
https://is.muni.cz/th/gfnvf/

[2] Calles B. a kol., Molecular Systems Biology 15 (2019) e8777.

Podékovani
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Ceské republiky (19-06511Y), které na projekt poskytly finanéni
podporu.
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Degradace biopolyestert
v simulovanych télnich tekutinach

Markéta Sobkova', Adriana Kovalcik?

1 Vysoké uéeni technické v Brng, Fakulta chemické, Ustav
fyzikalni a spotfebni chemie

Purkyfiova 118, 612 00 Brno, Ceska republika
xcsobkovama@vutbr.cz

2 Vysoké uéeni technické v Brnég, Fakulta chemicka, Ustav
chemie potravin a biotechnologii

Purkyrfiova 118, 612 00 Brno, Ceska republika

Povédomi o enviromentdlni zatézi petrochemickymi polymer(
vede k celosvétové snaze vyvijet materidly s podobnymi fyzikalné-
-chemickymi vlastnostmi, které budou ziskdvany z obnovitelnych
zdroju a zaroven budou plné biologicky rozlozitelné, a tudiz Setrné
k zivotnimu prostredi. Budovani trhu takovychto biopolymert vede
k ivaham vyuzivat tyto materialy nejen jako nahradu petrochemic-
kych polymert pro priimyslové aplikace. Rada vyzkum( jasné uka-
Zuje, Ze jsou tyto materialy velmi vhodnym kandidatem také pro
aplikace biomedicinské.

Tradicné vyuzivané materidly pro lékarské implantaty, jako jsou kovy,
keramika nebo syntetické polymery, mohou v téle interagovat a proje-
vovat se negativnimi imunologickymi reakcemi. Casto je nutnost pro-
vést druhou operaci pro jejich odstranéni z téla pacienta. Biopolyes-
tery, kterym se vénuje tato prace, jsou biokompatibilni, necytotoxické
a podléhaiji biodegradaci, pfi niz dochazi z rozkladu na télu vlastni lat-
ky, které jsou v organismu dale metabolizovany nebo pfirozené vylou-
¢eny z organismu ven, tudiz zde odpada nutnost opétovné operativné
zasahovat do téla pacienta pro odstranéni podptrného materialu.
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V této praci byla studovana in vitro biodegradace dvanacti vzorki
rlznych typQ biopolyesterl — polykyseliny mlécné, polyhydroxyal-
kanoatl a poly(butylen adipat-co-tereftalatu). Tenké filmy, jez byly
vyuzity pro samotny experiment, byly pfipraveny rozpousténim
polymeru v chloroformu, vylitim do formy a naslednym odparenim
rozpoustédla. Dle typu polyesteru a jeho stupné krystalinity se meé-
nily vlastnosti pfipravenych film, jejich vzhled byl v $kéle od trans-
parentnich do mlééné zakalenych a mechanické vlastnosti se liSily
predevsim v elasticité.

Studium degradace probihalo ve dvou simulovanych télnich teku-
tinach, a to v syntetické Zaludecni $tavé a ve fyziologickém rozto-
ku pufrovaném fosfaty s lipazou pfi teploté 37 °C po dobu 81 dni.
Béhem degradace dochdzelo k viditelné zméné morfologie filmd
a studované vzorky ziskavaly vyssi stupen kiehkosti a nizsi kom-
patibilitu.

Ze ziskanych vysledkl Ize potvrdit, Ze biodegradace u téchto bi-
opolyesterll opravdu probiha. Jeji pribéh je ale zavisly na mnoha
proménnych faktorech, diky nimz je mozno rychlost biodegrada-
ce korigovat a ménit, a tedy je mozné predpokladat Siroké vyuziti
v mnohych biomedicinskych aplikacich.

Podékovani

Prezentovany vyzkum byl finanéné podpofen z interniho pro-
jektu FCH VUT ¢. FCH-S-21-7483. Rada bych podékovala Ing.
Michaele JakeSové (FCH VUT) za produkci a pfipravu poly(-3-
hydroxybutyratu-co-3-hydroxybutyratu), Ing. Michalu Kalinovi, PhD.
(FCH VUT) za analyzu SEC-MALLS, Leoné Kubikové (FCH VUT) za
provedeni DSC a Ing. Michalovi Machovskému (CPS UTB Zlin) za
SEM mikroskopii.
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Polymerni systémy s kolchicinem pro
cilené dodavani léciv

Markéta Stejdifova’

' Ustav poéitaGové a fidici techniky, Fakulta chemicko-
-inzenyrskd, VSCHT Praha

Technicka 6, Praha 6, 166 28

Vyvoj systém( pro dodavani |éCiv zaloZzeny na polymernich nano-
¢asticich mlze fesit jednu z hlavnich vyzev pfi bojich s rakovinou,
a to zlepsSeni biologické dostupnosti léCiva v téle. Hlavnim cilem
tedy je vytvoreni takového systému, ktery podpofi cileni léCiva
a umozni mu kontrolované uvolfiovani. Zaroveni musime myslet
na velkou toxicitu cytostatickych léCiv a na moznosti ochrany zdra-
vych bunék.

Kopolymer kyseliny glykolové a kyseliny mlé¢né (poly(lactide-co-
-glycolide) - PLGA) patfi k nejpouzivanéjsim biologicky odbou-
ratelnym polymerim pro jeho dobrou biologickou kompatibilitu
a moznost kontrolovatelné degradace hydrolyzou. Dalsi vyhodou je
mozna Uprava povrchu PLGA na pozadované vlastnosti (napf. zvy-
Seni rozpustnosti). Uzavreni kolchicinu do polymerniho systému
ma potencial z divodu cytostatickych Gc¢inkd kolchicinu, ale zaro-
ven pro snizeni jeho vysoké toxicity.
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Provoz, optimalizace a vyuziti kapacitni
deionizacni jednotky

Jan Vespalec', Martina Svabova', Martina Repkova'

1 Vysoké Ugeni Technické v Brné, Fakulta chemicka, Ustav
chemie a technologie ochrany Zivotniho prostfedi

Purkynova 464/118, Krélovo Pole, 61200 Brno 12
Jan.Vespalec@vutbr.cz

1 Uvod

V Ceské republice je zasobovano 30 % obyvatel tvrdou vodou a 6 % obyvatel velmi tvrdou vodou [1],
kterd mulze zplsobovat problémy ve spotfebicich. Naptiklad v Brné mame pfibliznou tvrdost
2,85 mmol/| [2]. K ni¢eni spotfebi¢t dochazi z dlvodu tvorby ndnosu v potrubi nebo vylouéenim
napfiklad uhli¢itanu vapenatého pfi varu vody [3].

Existuje vice technologickych reSeni na zmékcovéni pitné vody, mezi které nejcastéji radime
membrany, iontoménice [3] nebo nami studovanou kapacitni deionizaci. Kapacitni deionizace
ma v porovnani s membranovymi procesy podstatné mensi tlakové naroky, tim i nizsi naklady
na provoz. V porovnani s iontoménici neni potfeba pouzivat zadné dalsi provozni chemikdlie.

Dalsi praktické vyuziti naléza kapacitni deionizace pfi odsolovani brakickych vod, zejména pfi
adsorpci alkalickych kovd, kovi alkalickych zemin a amoniaku. Z aniontd dochazi nej¢astéji k adsorpci
halogenidd, dusi¢nan(, dusitan(i a fosfore¢nandi. Rovnéz se uplatfiuje v hybridnim systému s reverzni
osmozou (RO), kdy Ize kapacitni deionizaci pouzit pro Upravu permedatu na odseparovani zbylych
iontl [4].

Kapacitni deionizace (CDI) je zaloZena na separaci nabitych iontl z roztoku elektrostatickymi silami.
Mezi dvé elektrody se aplikuje napéti a disociované ionty v roztoku jsou nuceny migrovat k sobé
opacné nabitym elektrodam. Z protékajiciho elektrolytu se vlivem elektrosorpce ukladdaji ionty
do elektrické dvojvrstvy v mikropdrech a makropérech. Kationty jsou pfitahovany k zaporné nabité
elektrodé a anionty jsou pfitahovany ke kladné nabité elektrodé. lonty jsou adsorbovény na povrchu
elektrod, a tim je snizena jejich koncentrace ve vystupnim roztoku. Pfi napInéni kapacity elektrosorpce
jsou elektrody zkratovany nebo je na elektrody vloZen opacny potencidl. Nastava desorpce iontd
zpovrchu zpét do roztoku ana vystupu dostdvdme zvySenou koncentraci roztoku. Vysledkem
je stridavé vytékajici diluat a koncentrat z elektrochemického ¢lanku [6].

Na ¢lancich kapacitni deionizace probihaji faradaické a nefaradaické reakce, pficemz faradaické
reakce jsou v kapacitni deionizaci nezadouci, zdivodu oxidace elektrody, coZ sniZuje G&innost
separace [8, 10]. Za faradaicky proces povazujeme takovy proces, kdyZ na povrchu elektrod probihaji
redoxni reakce [8, 12]. V pfipadé uhlikovych elektrod se na anodé oxiduje uhlik na karboxylovou
skupinu, dale se oxiduje voda na samotny dikyslik. V pfipadé, Ze roztok obsahuje i chlorid,
dochazi k jeho oxidaci az na chlore¢nan. Pres peroxid vodiku dochazi na katodé k redukci dikysliku
navodu. RovnéZ dochazi kredukci uhliku, kdy probihd hydrogenace avznikd C-H skupina.
Za nefaradaicky proces oznacujeme to, kdyZ oxidac¢ni stav latky zlistavd zachovan, ale vlivem naboje
je pfitahovan k povrchu elektrody. lonty jsou vazany elektrostatickymi a adsorpcnimi silami
v elektrodové dvojvrstvé [6, 8, 12].

V této praci byly pouzity uhlikaté elektrody, které jsou vyrabéné z levnych materidlt a maji vysokou
mérnou povrchovou plochu pro adsorpci. Rovnéz materidl elektrod musi mit vhodnou distribuci pora,
aby dokazal zachytit veskeré typy iontG. Cilem price je vyzkouSet optimalni nastaveni faktor(
ovliviiujici sorpci a poté provedeni experimentd na modelové vodé.
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2 Experimentalni ¢ast
2.1 Popis pristroje

Na Obrazku 1 je bodové popsana jednotka CDI. Surova voda uréena k odsoleni (1) je ¢erpana
Cerpadlem (4), jehoZ vykon je regulovan frekvenénim méni¢em podle poZadavku na pratok.
Poloprovozni jednotka kontinualné méfi nésledujici parametry: pratok, vodivost, pH a teplotu.
Po nasati ¢erpadlem (4) proudi kapalina pfes prvni vodivostni (7) a pH (8) sondu. Kapalina vtéka
do elektrodového prostoru (9) a pokracuje na druhou pH (8) a vodivostni (7) sondu. Na konci
je tficestny elektromagneticky ventil (10), ktery uréuje smér proudu kapaliny na diluat (11) nebo
koncentrat (12). Méfeni teploty probiha teplotnim cidlem (2) mimo uzavieny systém. Toto cidlo lze
umistit do jedné z provoznich kapalin. Cely systém je fizen centralnim rozvadécem (13), jenZ je napojen
na dotykovy displej (14) s mozZnosti pfipojeni externiho zafizeni skrze ethernetovy kabel.

Obrazek 1: Schéma CDI a laboratorni jednotka CDI, 1 zdroj surové vody, 2 teplotni cidlo, 3 sdni
Cerpadla, 4 cerpadlo, 5 vytlak cerpadla, 6 pritokomér, 7 vodivostni ¢idlo, 8 pH sonda, 9 elektrodovy
prostor, 10 trojcestny ventil, 11 potrubi diluat, 12 potrubi konce

Elektroda je spiralovité vinutd, viz Obrazek 2, aby se v malém prostoru docililo co nejvice aktivné
vyuzitelného mérného povrchu elektrody. Je umisténa v pldsti se stfedovou trubici (1). A je vyrobena
ze smési komeréniho aktivniho uhli. Jako pojivo pro aktivni uhli je pouZit polymer polyvinylidenfluorid
(PVDF). Tloustka porézni uhlikové vrstvy (2) je cca 200 um. Po dvojici elektrod je izolaéni félie (3).
Prostor mezi elektrodami je oddélen polypropylenovou (PP) mfizkou (tzv. spacer) (4), kde proudi
surova voda.
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Obrazek 2: Vrchni pohled na elektrodu (4) a schematické zndzornéni vynuti elektrody (B),
kde 1. je stiedova trubice, 2. porézni uhlikova vrstva, 3. izolacni folie a 4. spacer

2.2 Odsolovani modelové vody

Na jednotce kapacitni deionizace Ize nastavit tfi hodnoty napéti a pritok v rozmezi 0,2 — 1,2 I/min.
Na pribéh sorpce maji vliv ionty obsazené vroztoku, pocatecni koncentrace iontl, typ a stari
elektrodového materialu. Na optimalizaci byl pouzit roztok chloridu sodného c(NaCl) =38 mg/I
a chloridu vapenatého c(CaCl,) = 298 mg/I. Jejich koncentrace byla pFipravena tak, aby se vodivost
pohybovala okolo 500 uS/cm. Pracovni roztok byl cirkulovén po dobu 20 hodin. To odpovida 6 cyklGm,
pfiemz jeden cyklus se sklada ze 2 hodin adsorpce a jedné hodiny a dvaceti minut desorpce véetné
postupnych zmén napéti.

Pro separaci vybranych iontli byly pfipraveny pracovni roztoky 1. Ca, c(Ca®*)=150mg/l,
2.Mg, c(Mg*)=50mg/l, 3. Ca + Mg, c(Ca?*)=125mg/l, c(Mg*)=25mg/l, 4. NHiNOs,
¢(NH4NOs) = 150 mg/I, 5. CI, ¢(CI") = 250 mg/I. Tyto pracovni roztoky byly pouZity na zkousku G&innosti
odstranéni vapniku, hofciku, celkové tvrdosti, dusi¢nand a chloridi. Byly méfeny tfi cykly. P¥i prvnim
cyklu dochézelo k homogenizaci roztoku a do vyhodnoceni byl pouzit druhy cyklus.

2.3 Analytické metody

Vysledkem optimalizace faktoru je vyhodnoceni ze vSech Sesti cykld. Vyhodnoceni bylo provedeno
tak, Ze byla odeétena primérna maximalni hodnota vstupu pracovniho roztoku a prdmérna minimalni
hodnota vystupu pracovniho roztoku. Z téchto dvou hodnot byl vypocten rozdil vstupu a vystupu, ktery
predstavoval adsorbované mnozstvi iontd. P¥i porovnavani majoritni adsorpce jednomocnych nebo
dvojmocnych iontl byl stanoven Na* pomoci plamenového fotometru PFP7 (JENWAY, Velka Britanie)
a Ca?* pomoci titrace chelatonu 3 (LACHEMA, Ceské republika) s indikdtorem murexid (LACHEMA,
Ceska republika).

V experimentech se separaci vybranych iont( byly pouZity metody: stanoveni vapniku odmérnou
metodou se smési metalochromnich indikatord (ISO 5975: 1983), stanoveni hofc¢iku diferenéni
metodou (ISO 5975: 1983), stanoveni vapniku a hof¢iku volumetricky s indikdtorem v pevném stavu
(ISO 5975: 1983), stanoveni dusi¢nanti pomoci setu mobilni analytiky Spectroquant Nitrate Test
(Merck spol. s.r.o., Ceské republika) a stanoveni chloridti odmérnym argentometrickym stanovenim
podle Mohra (ISO 9297: 1989).
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3 Vysledky a diskuse
3.1 Optimalizace

3.1.1 Napéti

Napéti bylo testovano pfi tfech hodnotach,
ato: 0,9V; 1,0V a 1,2 V. Nejucinnéjsi adsorpce
byla jednoznacné pfi napéti 1,2V, kdy doslo
k poklesu vodivosti o 144 pS/cm. Na Obrazku 3
je znazornén druhy cyklus pfi  nejacinnéjsi
hodnoté pouZitého napéti. Stejnych vysledkd
bylo dosaZeno v praci autora Oladunni [5].

3.1.2 Vliv ostatnich iontii

Byl testovan vliv sodného a vapenatého
kationtu. V obou pfipadech se jednalo o chlorid.
Byla testovana sorpce jednotlivych iontli a smési
iontl v poméru 1:1. V roztoku s jednou latkou
byla vice adsorbovéna latka NaCl. Vodivost klesla
0 144 pS/cm. lont Na* md mensi hydratovany
obal nez Ca?, a tak byl adsorbovan ve vétsi mite,
zatimco elektrostatické sily ovlivnily adsorpci

ve smési iontl. Ve smési doslo kadsorpci
sodnych iontd  c¢(Na*)=14 mg/l, zatimco
vépenatych iontd bylo adsorbovano

Obrazek 3: Graf zavislosti vodivosti a napéti
na case, pri 1,2V, 0,21l/min v roztoku NaCl,
2. cyklus

c(Ca?*) = 44 mg/l. Na Obrézku 3 je druhy cyklus latky s nejvétsim poklesem vodivosti. Ve smési jsou
dvojmocné ionty upfednostiiovany ptred adsorpci jednomocnych iontd. Podobnych vysledk( bylo

dosaZzeno v praci autora Oladunni [5].

Obrazek 4: Graf zavislosti vodivosti a priitoku
na case, pri 0,2 I/min, 2. cyklus

3.1.3  Pritok

Pritok byl testovan na minimalni mozné
nastavitelné hodnoté a posléze i u dvou vétsich
hodnot pro ovéfeni Gcinnosti. Méfeni bylo
provadéno pfi pratoku: 0,2 I/min; 0,3 1/min
a0,51/min. Déle byl méfen procentualni podil
koncentrdtu pfi daném pratoku. Nejucinnéjsi
adsorpce byla jednoznaéné pti nejnizsim pratoku

(0,2 1/min), kdy doslo kpoklesu vodivosti
0144 puS/cm a  soufasné byl  nejmensi
procentudlni  podil  koncentrdtu 37,8 %.

Na Obrazku 4 je znazornén druhy cyklus pfi

nejucinnéjsi  hodnoté pratoku. Podobnych
vysledkl bylo dosazeno v praci autora
Mossad [7].
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3.1.4 Vliv pocatecni koncentrace

Byly zvoleny ctyfi pocatecni koncentrace.
Prvni testovana koncentrace byla
v pfedchazejicich méfenich pripravena tak, aby
odpovidala pfiblizné 500 uS/cm = 0,238 g/I NaCl,
coz byla doporufena vodivost pracovniho
roztoku od firmy ASIO, spol. s r. o. Nasledujici
méFend pocatecni koncentrace byla dvojndsobna
(0,476 g/l NaCl), trojnasobna (0,714 g/I NaCl)
apolovi¢ni (0,119g/l NaCl). Na Obrazku 5
je znazornén druhy cyklus pfi optimalni hodnoté
pocatecni koncentrace. K nejvétSimu poklesu
vodivosti dosSlo pfi pocatecni koncentraci
0,119g/l, ale pokles byl téméf totozny
s koncentraci 0,238 g/I. Doslo k poklesu vodivosti
0145 pS/cm a 144 pS/cm. PFi takto nizkych

koncentracich jiz neni  velky rozdil
v adsorbovatelném mnozstvi. Podobnych
vysledk bylo dosazeno v prici autora
Mossad [7].

3.1.5 Elektrodovy material

Obrazek 5: Graf zavislosti vodivosti a napéti
na case, pri 0,119 g/l NaCl, 2. cyklus

PFi experimentech byly k dispozici celkem ¢tyfi elektrody. Pfi separaci vybranych iontl byla pouzita
elektroda €. 2. Sorpcni kapacita byla zméfena pred samotnymi experimenty a po experimentech.
Doslo k poklesu absorpéni kapacity o 30 uS/cm. To bylo zpUsobeno &asteénou degradaci elektrody

v pribéhu méfeni.

3.2 Separace vybranych iontu v laboratornich podminkach

3.2.1 Vapenaty kationt (Ca2+)

Vychozi koncentrace byla zvolena na zikladé
informaci ze zdroj [3, 9]. Na Obrazku 6
je znazornén pokles koncentrace a vodivosti
v case druhého cyklu. Z grafu je patrné,
ze aktudlni vodivost v daném case koresponduje
saktudlni  koncentraci  vépniku.  Skutecnd
koncentrace pfipraveného pracovniho roztoku
byla 160,32 mg/l Ca*. Za druhy cyklus bylo
vyprodukovéno 16 litrG diludtu s prdmérnou
koncentraci 131,82 mg/I, coz odpovida poklesu
017,8 %.

Obrazek 6: Graf zavislosti koncentrace vapniku
a vodivosti na case, snizovani koncentrace vapniku
ve vodé, 2. cyklus
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3.2.2 Horec¢naty kationt (Mg2+)

Vychozi koncentrace byla zvolena na zakladé
informaci ze zdroje [3, 9]. Na Obrazku 7
je znazornéno, Ze pfi experimentu s horéikem
byla pocatecni vodivost vy$si zdavodu
nedostatecného proplachu pfed méfenim.
V disledku toho se zpétné do roztoku uvolrioval
vépnik  z predchoziho  méfeni.  Skute¢na
koncentrace pfipraveného pracovniho roztoku
byla 34,03 mg/I Mg?* U hof¢iku doslo ke snizeni
koncentrace o 54,2%. Béhem cykld bylo
vyprodukovéno 16 litrd s primérnou koncentraci
hof¢iku 15,59 mg/I.

Obrazek 7: Graf zavislosti koncentrace horciku
a vodivosti na case, sniZovani koncentrace horciku

ve vode, 2. cyklus

3.2.3 Celkova tvrdost

Na Obrazku 8 je znazornéno, Ze vychozi
tvrdost byla 4,45 mmol/| a jednalo se o velmi
tvrdou vodu. Prdmérna tvrdost ve 2. cyklu byla
3,59 mmol/| a béhem sorpce bylo
vyprodukovéno 16 litrl diludtu. Jednalo se stale
o tvrdou vodu, aviak se tvrdost bliZila k hodnotné
legislativné doporucené pro pitnou vodu, tedy
do rozmezi 2-3,5 mmol/I [11]. Celkem tedy doslo
ke snizeni tvrdosti 0 19,3 %.

Obrazek 8: Graf zavislosti celkové tvrdosti
a vodivosti na ¢ase, zmékcovani vody, 2. cyklus
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Obrazek 9: Graf zavislosti koncentrace dusicnani
avodivosti  na snizovani  koncentrace
dusicnanii, 2. cyklus

case,

Obrazek 10: Graf zavislosti koncentrace chloridit
a vodivosti na case, snizovani koncentrace chloridii
2. cyklus

29

3.24  Dusitnany (NO3’)

Na obrazku 9 je znazornén 2. cyklus sorpce,
kde nejprve dochdzelo ke zvySeni a poté
k poklesu  koncentrace avodivosti v Case.
Zvyseni na zatitku  sorpce je  zpUsobeno
degradaci elektrody. Pokud se zanedba
degradace a primérnda koncentrace se vypocita
az od 15. minuty sorpce, kdy doslo k faktickému
snizovani koncentrace dusi¢nant, vysledkem je
prdmérnd hodnota 69,06 mg/l. To odpovida

vyrobé  diludtu  sesnizenou  koncentraci
dusi¢nanl témér o 46,2 %.
3.2.5 Chloridy (CI))

Obrazek 10 zndzorfiuje graf zavislosti

koncentrace chloridd a vodivosti na case pfi
2. cyklu. Z pocéatecni koncentrace 276,53 mg/l
chloridd bylo vyprodukovano v 2. cyklu 161

diludtu s koncentraci 240,04 mg/l. Pokud
se zanedbd pocate¢ni nardst koncentrace,
a primérna koncentrace se vypocita

az od 15. minuty sorpce, vysledkem je hodnota
231,71 mg/l. Jednd se viak o pokles pouze
016,2%. Tento maly pokles koncentrace
je pravdépodobné zplsoben vysokou pocdatecni
koncentraci chloridl a také z divodu degradace
elektrody.
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4 Zavér

V této praci byla pouzita jednotka kapacitni deionizace, kterou vyvinula firma ASIO, spol. s r.o.
acilem bylo optimalizovat vybrané faktory (napéti, pratok, vliv iontd obsazenych v roztoku, vliv
pocateéni koncentrace iontll v roztoku a stafi elektrodového materialu) a odzkouset jeji U¢innost
na vybranych ukazatelich (vapenaté ionty, horecnaté ionty, celkova tvrdost, dusi¢nany, chloridy).

Bylo zjisténo Ze, optimdlnim nastavenim je napéti 1,2 V, pratok 0,2 I/min. Z hlediska mocnosti iontd
probihala neju¢innéjsi adsorpce v roztoku s jednomocnym iontem. Pfi experimentech, kdy byly ionty
testovany ve smési, prevladaly elektrostatické sily. Z namérenych dat vyplyva, Ze dvojmocné ionty jsou
uprednostriovany pfed adsorpci jednomocnych iontl. Pfi separaci vybranych iontl byla pouzita
elektroda €. 2. Sorpéni kapacita byla zméfena pred samotnymi experimenty a po experimentech.
Doslo k poklesu absorpéni kapacity o 30 uS/cm. To bylo zpUsobeno ¢aste¢nou degradaci elektrody
v pribéhu méfeni.

Prace byla zaméfena na selektivni U€innost odstranéni iontl pfi procesu zmékcéovani vody.
Pfi experimentech u vybranych iontd doslo ke snizeni koncentrace vapniku o 17,8 %, hof¢iku o0 54,2 %
a u celkové tvrdosti vody doslo ke zmékéeni o 19,3 %. U aniontd doslo k poklesu obsahu dusi¢nant
046,2 % a u chloridl pouze 0 16,2 %. Z vysledk( je patrné, ze metodu kapacitni deionizace lze pouzit
pro separaci viech sledovanych iontd.

Znamérenych dat vyplyva Ze kapacitni deionizace ma velky potencidl vyuZiti na mistech
s nedostatkem energie, protoZe v porovnani s ostatnimi separaénimi metodami, ma CDI nékolik vyhod:
mald energetickd naro¢nost, bez nutnosti davkovani chemikalii, produkce malého mnoZstvi
koncentratu, nenaroéné provozni podminky. Nékteré ze studii poukazuji na pfipadnou moznost
kombinace s RO. Lze ocekavat, Ze vyzkum se bude mimo jiné v budoucnu také vénovat vyvoji novych
materidlt elektrod a inovovanym konfiguracim modeld.
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UzZ od svojho objavenia boli zltc¢eniny vykazujlice spinovy prechod (dalej uz len SCO, z
angl. ,Spin Crossover”) intenzivne skimané pre ich unikatne optické, magnetické, elektrické a
Struktdrne vlastnosti. Koordinaéné zluceniny iénov prechodnych kovov s valencnou
konfiguraciou 3d4 -3d7 méZu za uréitych okolnosti vykazovat SCO, pri ktorom i6n kovu vratne
meni svoj spinovy stav v désledku zmeny teploty, p6sobenia tlaku, vplyvom magnetického
pola ¢i pri oZiareni viditelnym alebo IR Ziarenim. 1 Ked'je ién kovu v oktaedrickom usporiadani
vystaveny posobeniu krystdlového pola ligandov, dochadza k Stiepeniu degenerovanych 3d
orbitdlov na nizsiu, trojndsobne degenerovanu hladinu (t2g) a vyssiu, dvojnasobne
degenerovanu hladinu (eg). Oktaedrické komplexy mézu byt vysokospinové (dalej uz len HS, z
angl. ,High Spin“) alebo nizkospinové (dalej uz len LS, z angl. ,Low Spin“), v zavislosti od
velkosti sily ligandového pola a energie sparovania spinov. 1 Zmena spinového stavu je
spojena so zmenou dizky vizby medzi centrdlnym atémom a ligandom (Obr. 1), ¢o ma za
nasledok zmenu fyzikdlno-chemickych vlastnosti materidlu (napr. farba, termodynamické,
Strukturne a magnetické vlastnosti).

Obrazok 1 Schematické zndzornenie SCO prechodu pre centralny atém Fe?* s konfiguraciou
valencnej vrstvy 3d6 . T, p, hu predstavuju teplotu, tlak a svetlo, ktoré sa pouZivaju na indukciu
Sco.

Schopnost SCO molekdl menit svoje fyzikalne vlastnosti vplyvom vonkajsich
podmienok sa stala zdkladom pre ich potencidlne vyuzitie v technolégiach, napriklad v réznych
senzoroch, ovladacich komponentoch a zariadeniach na spracovanie informacii. Oproti
teplotne indukovanému spinovému prechodu sa oZarovanie svetlom javi ako vhodny nastroj
na prepinanie spinovych stavov SCO materidlov.2 Je zndme, Ze oZarovanie SCO materialu
$pecifickou vinovou dizkou dokéaze vratne menit jeho spinovy stav (viditelné svetlo pre LS->HS
prechod a IR Ziarenie pre spatny HS->LS prechod). Tento jav, zndmy ako priamy alebo spatny
LIESST efekt (z angl. Light-Induced Excited Spin-State Trapping), je zaloZeny na priamej excitécii
elektrénov koordinacného centra a bol zdokumentovany na viacerych Zeleznatych a Zelezitych
SCO komplexoch.4 Avsak nizke teploty, ktoré podmieriuju existenciu metastabilného HS alebo
LS stavu pri LIESST efekte, predstavuju velki nevyhodou pre aplikaciu tychto materidlov.
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Druhou alternativou, pomocou ktorej vieme svetlom zmenit spinovy stav, je pouzitie
fotocitlivych ligandov schopnych reverzibilnej transformacie medzi dvoma izomérnymi
formami (napr. cis-trans alebo fotocyklizatné izomerizécie). Opat aj v tomto pripade sa
jednotlivé izomérne konfiguracie daju ,prepinat” oziarenim selektivnou vinovou dizkou,
pri¢om tato fotokonverzia vedie k modifikdciam ligandového pola, teda aj ku zmene spinového
stav centrdlneho iénu kovu (Obr. 2). Tento ligandom riadeny fotoindukovany SCO (LD - LISC; z
angl. Ligand-Driven Light-Induced Spin Crossover), ktory bol prvy krat popisany
Zarembowitchom a kol.® je fascinujicim objavom, pretoZe zmenu spinového stavu mézeme
riadit aj pri izbovej teplote. ©

Obrazok 2 Reprezentacia LD — LISC efektu na jednojadrovom Zeleznatom SCO komplexe s
ligandami funkcionalizovanymi azobenzénovymi substituentami, ktoré su schopné vratnej cis-
trans fotoizomerizacie. Zmena spinového stavu sa zvycajne deteguje magnetickymi meraniami
(funkcia xT vs T).

Vyskumna skupina Dr. Bousseksoua a doc. Salitroa len nedavno predstavila koncept
fotoindukovaného SCO, ktory je riadeny pritomnostou alebo nepritomnostou hostujicich
molekul (GD — LISC fenomén; z angl. Guest-Driven Light-Induced Spin Crossover).” Tento
koncept vyuZiva porézne trojrozmerné koordinaéné polyméry (MOF; z angl. Metal-Organic
Frameworks), ktoré vykazuju SCO efekt. Za posledné dve desatrodia bolo syntetizovanych
niekolko SCO — MOF molekul, pricom najznamejsie su SCO klatraty Hofmannovho typu,
pripravené vyskumnou skupinou vedenou J. A. Realom? so $trukturou {Fe(L)[M(CN]4} (M = Ni,
Pt, Pd; L = pyrazin, 4,4"-bipyridin, 4,4’-azopyridin, 1,2- bis(4-pyridyl)etylén, 1,2-bis(4-
pyridyl)acetylén (bpac).9 V pripade 3D MOF molekdl je Fe?* v ekvatoridlnej rovine
koordinovany cez diamagneticky metalokyanitovy ligand a na tuto 2D rovinu je kolmo
orientovany dal$i mostikujuci ligand L dotvarajici hexakoordinaciu Fe?* (Obr. 3). Takto sa
vlastne vytvori 3D koordinacny polymér, ktory vykazuje SCO prechod a vo svojej Strukture
obsahuje 3D dutiny do ktorych je moZné implementovat hostujice molekuly. Spinovy stav
Zeleznatych centrdlnych atémov v takychto koordinaénych polyméroch mozno ovplyvriovat
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povahou a mnoZzstvom hostujdcich molekul.1%13 Skupina Dr. Bousseksoua a doc. Salitro3a si
pre tdto pracu zvolila klatrat {Fe(bpac)[Pt(CN)a]}. u ktorého bola potvrdend pritomnost SCO
efektu so Sirokou termalnou hysteréziou pri izbovej teplote.” Velké rozmery pérov v tejto
zliéenine (cca 300 A 3 v LS stave) umoziiuju prijatie objemnejich molekdl, napriklad
fotoizomerizovatelnych molekul azobenzénu a stilbénu, ktorych rozmery zodpovedaju
rozmerom dutin (Obr. 3). Azobenzén, stilbén a ich derivaty su dobre zndme fotochromatické
molekuly so Sirokou Skalou vyuZitia, a si schopné reverzibilnej interkonverzie medzi trans a
cis formou aktivovanej svetlom (Obr.2).

a) b)

Obrazok 3 Schematické zndzornenie pravdepodobného umiestnenia (a)trans -
stilbénu a (b) cis - stilbénu v hostitelskej molekule {Fe(bpac)[Pt(CN)a]}. 7

V Gvode méjho vyskumu som sa venovala priprave prazdnych MOF systémov systémov
(nepritomnost hostiv kavitach) konkrétne {Fe(bpac)[Pt(CN)a4]} a {Fe(bpac)[Ni(CN)4]} (bpac = 1,2-
bis(4-pyridyl)acetylén (Obr. 1). V pripade prvého klatratu, bola dokdzana pritomnost Sirokej
termalnej hysterézie pri izbovej teplote, ¢o je velmi Ziaduce pri SCO materialoch, a preto sme
sa rozhodli nadviazat na predchadzajlcu pracu a modifikovat krystalové pole pomocou réznych
hostovskych molekul. Pri priprave sme pouZili priamu syntézu ako aj krystalizéciu pomocou H-
trubice. Druhd, casovo ndrocnejsia metdda viedla k ziskaniu krystdlu, ktory sa podrobil
monokrystalovej RTG difrak¢nej analyze, ¢o viedlo k poznaniu absolltnej Struktury klatrétu.
Spin crossover vlastnosti boli skimané pomocou merania reflektivity a magnetické vlastnosti
pomocou MPMS SQUID magnetometra. Takto pripravené a pomocou nepriamych analytickych
technik ocharakterizované klatraty (elementarna analyza, teplotne zavisla infracervend
spektroskopia s Fourierovou transformaciou, termogravimetricka analyza) sme pouZili ako
hostovsky polymér, do ktorého sme implementovali rézne molekuly.
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Obrazok4 Molekulova struktira MOF systému

V druhej polovici sme sa sustredili na pripravu MOF klatratov s hostovskou molekulou vo
vnutri, pricom sme sa sustredili na:

1. organické fotoaktivne molekuly, ktoré podliehaji vratnej izomerizécii
prostrednictvom elektromagnetického Ziarenia (cis/trans stilbén) a pomocou
oxida¢ného cCinidla davaju vznik fenantrénu (Obr. 5)

2. organickd molekula, ktord podlieha vratnej fotodimerizacii (antracén/diantracén)
(Obr. 5)

Dovodom, preco sme sa zamerali prave na tieto molekuly, je skutocnost, Ze magnetické
vlastnosti vieme ovplyvriovat pomocou Ziarenia, a v pripade slabej priepustnosti klatratu pre
svetlo, pomocou teploty. Rozdielne SCO vlastnosti pripravenych zlic¢enin st ddésledkom
interakcii host-hostitel ¢o suvisi so stérickymi efektmi a medzimolekulovymi interakciami.

Obréazok 5 Schematické zndzornenie pouzitych hostovskych molekil a moZnosti ich
modifikacie
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Metddou priamej syntézy, sublimaciou za zniZzeného tlaku azmieSanim hostovskych
molekul s MOF polymérom v roztoku, sa ndm podarilo pripravit zli¢eniny poZadovaného
zloZenia, ato: ({Fe(bpac)[M(CN)a]}).antracén, ({Fe(bpac)[M(CN)a]}).trans-stilbén,
({Fe(bpac)[M(CN)a]}).cis-stilbén, ({Fe(bpac)[M(CN)4]}).fenantrén (M=Pt, Ni). Vsetky zluceniny
sme ocharakterizovali pomocou elementarnej analyzy, termogravimetrického merania,
teplotne zavislej infracervenej spektroskopie s Fourierovou transformaciou a praskovej
difrakénej analyzy. Spin crossover vlastnosti sme zistovali pomocou merania reflektivity
a magnetické vlastnosti pomocou MPMS SQUID magnetometra. Vysledky poukazali na to, Ze
metdda pripravy Uzko suvisi mnozstvom hosti vo vnutri klatrdtu a teda priamo ovplyviuje
spinové vlastnosti. Ako najvhodnejsia metdda sa javi metdda priamej syntézy, pretoze krivka
zavislosti magnetickej susceptibility od teploty je strméd s teplotnou hysteréziou, o je Ziaduce,
ak takéto materidly maju byt vyuzité v priemysle.

Poslednym ciefom tohto vyskumu bolo skimanie GD-LISC efektu, teda vplyvu pritomnosti
hosta na hostovsky polymér a jeho fyzikdlne vlastnosti. Tieto experimenty spocivali v oZiareni
nami pripravenych zlucenin vroztoku za Ucelom ,prepnutia” trans-stilbénu na cis-stilbén,
nasledne pridavkom oxida¢ného Ccinidla ziskat fenantrén a sledovat zmeny magnetickych
vlastnosti. Druhy experiment bol zaloZeny na dimerizacii antracénu vo vnutri 3D polyméru
pouzitim elektromagnetického Ziarenia vinovej dlzky 350 — 470 nm. Bohuzial ani v jednom
pripade sa nam nepodarilo preukdzat Ze doslo k fotoizomerizacii, resp. dimerizacii, ¢o
pripisujeme slabej priepustnosti MOF systému pre svetlo. Dalie experimenty budu zahriovat
prave pokusy soZarovanim (pouZitie lamp sréznou vinovou df?kou) a optimalizaciou
podmienok.
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1. Uvod

Cistiarensky (alebo aj splaskovy) kal je definovany ako tuhy, polotuhy alebo kvapalny zvy3ok
vznikajlci v procese Eistenia v istiariach odpadovych vod (COV)L. Cistiarensky kal je vedlaj$im
produktom v procese Cistenia odpadovych vod, pocas ktorého sa zo znelistenej vody oddeluju
kvapalné a tuhé kontaminanty. Voda je po procese Cistenia vypustena do vodnych recipientov (rieky,
potoky) ako uZitkova voda, zatial ¢o tuhé latky st po separécii dalej upravované alebo pripravené na
finalne sklddkovanie. ZIozky tuhych vedlajsich produktov ¢istenia vody su $trk, piesok, vacsie necistoty
(napr. kasky jedla, dreva, plastov) a Cistiarenské kaly. Zo zloZiek odstranenych ¢istenim odpadovych
vad je prave kal tou najobjemnejSou zlozkou. Kal odstraneny z odpadovych vod procesmi Cistenia je
zvycajne kvapalného skupenstva alebo tvori suspenziu s obsahom tuhych latok medzi 0,25% az 12%
celkovej hmotnosti kalu?. ZloZenie a vlastnosti kalov sa menia na zaklade réznych faktorov, akymi st
proces produkcie kalov, vek, environmentalne podmienky (teplo a vlhkost) atd.

Kal je komplexnd heterogénna zmes zlozena z anorganickych a organickych latok a
mikroorganizmov. Medzi organickymi latkami ndjdeme chlérované parafiny (CP), polycyklické
aromatické uhlovodiky (PAU), polychlérované bifenyly (PCB), perfluorované zluéeniny (PFZ),
pentachldrfenoly (PCF), ropné uhlovodiky (RU), benzotriazoly, per- a polyfluoroalkylové zliceniny
(PFAZ), pesticidy ako aj Siroké spektrum povrchovo aktivnych latok. Okrem vyssie uvedenych sa v
kaloch méZe nachddzat aj zloZitd zmes nedegradovanych organickych zloZiek pozostédvajicich z
proteinov, peptidov, lipidov, polysacharidov, rastlinnych makromolekdl s fenolovymi Struktarami
alebo alifatickych $truktur spolu s organickymi toxinmi.? Cistiarensky kal obsahuje pomerne vysoké
koncentrécie nutri¢ne dolezitych prevazne vo forme zlGcenin fosforu, dusika a draslika. Rovnako vsak
v biomase kalu najdeme zastipené potencialne toxické prvky ako tazké kovy. Tazké kovy ako Zn, Cu,
Ni, Cd, Pb, Hg a Cr obmedzuju jeho pouZitie na polnohospodarske G&ely.* Okrem nebezpe&nych
chemickych zlucenin obsahuje Cistiarensky kal aj patogény, ako su virusy (hepatitida A, rotavirus),
baktérie (Escherichia coli, Salmonela), parazity (Cryptosporidium, Giardia) alebo parazitické cervy
(Ascaris)*.

Metddy nakladania s kalmi z COV zahfiajlce skladovanie sa v su¢asnosti nahradzaju metédami
veducimi k jeho stabilizacii a bezpecnej recyklacii. Polnohospodérske vyuZitie sa stalo jednou z
hlavnych metdéd nakladania so splaskovymi kalmi najma v minulosti. Najnovsie trendy v oblasti
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kalového hospodarstva, teda spalovanie, mokra oxidacia, pyrolyza, splyriovanie, spoluspalovanie
splaskovych kalov s inymi materidlmi na dalSie pouZitie ako zdroj energie, stabilizacia a poutzitie
splaskovych kalov alebo ich popola v stavebnictve, vzbudili zna¢ny vedecky zaujem. Toxicita a stabilita
znedistujucich latok, chemické a fyzikdlne vlastnosti, mozu ovplyviiovat zmeny v technoldgii
spracovania kalov s ciefom vyvinut dalSie spdsoby nakladania s kalmi. Preto je délezité, aby v kazdej
faze spracovania tohto druhu odpadu bol vysledny materidl podrobeny komplexnej fyzikalno-
chemickej charakterizacii.

Pyrolyza je proces, pri ktorom sa vstupné organickeé latky tepelne rozkladaji v anoxickej atmosfére
(s pouzitim N, alebo CO; ako inertného plynu) pri teplotach pohybujlcich sa v rozmedzi 300-700°C a
atmosférickom tlaku®. Produktom pyrolyzy su pyrolyzne oleje (bio-oleje), pyrolyzne plyny (syngas) a
pevny uhlikaty materidl (biouhlie). Podla Eurépskeho certifikdtu pre biouhlie EBC® je pomenovanie
biouhlie viazané na obsah uhlika >50%. Preto v pripade pyrolyzy kalov z COV sa vyuZiva oznacenie
pyrogénnych resp. pyrolyznych uhlikatych materidlov. Pyrolyza Cistiarenskych kalov spodiva vich
zahrievani v inertnej atmosfére a naslednom uvoltfiovani organickych latok. Tato technika sa javi ako
menej znedistujlica v porovnani sbeinymi metéddami (spoluspalovanie, spalovanie), pretoZe
produkuje minimalne emisie a koncentruje tazké kovy v tuhom uhlikatom zvysku, takze ich extrakcia
nie je takd zloZitd, ako v pripade popola zo spalovania®. Reakcie, ktoré prebiehaju v pyrolyznom
reaktore predstavuju termické Stiepenie a kondenzacné reakcie. V porovnani so spalovacim procesom,
ktory je vysoko exotermicky, je pyrolyza skor endotermicky dej’. Medzi rézne typy technoldgii pyrolyzy
kalov patria pomala pyrolyza, rychla pyrolyza, vdkuova pyrolyza a bleskova (flash) pyrolyza. KfG¢ovymi
parametrami, ktoré ovplyviiuju proces pyrolyzy, su doba zdrZania biomasy kalu v reaktore, pyrolyzna
teplota a samotny charakter vstupnej suroviny. Pyrolyza sa pouZiva na spracovanie najréznejsich
surovin vratane plastov, tuhého komunalneho odpadu, splaskovych kalov a drevnej biomasy®.

V pripade pyrolyzy kalov ide o termochemicku konverziu predsuseného uhlikatého podielu kalu na
stabilnejsi a nutricne dolezité prvky bohaty produkt. Uplatnenie pyrolyznych materidlov na baze
Cistiarenskych kalov spociva v podnych aplikdcidch ako aditiv v polnohospodarstve, zahradnictve,
okrasnych zéhonoch ako aj substratoch tzv. zelenych striech. Na zéklade uvedeného je nutné podporit
vedecké myslienky, ktoré smeruju k zakladnému i aplikovanému vyskumu venujicemu sa pouZitiu
konvencnych technoldgii v pomerne novych vyuZitiach Gpravy kalov.

Hlavnym cielom tejto prace bolo zhodnotenie pyrolyzneho materidlu na baze komunalneho
Cistiarenského kalu z pohladu ekotoxicity, biologickej pristupnosti fosforu ako aj samotnej materialovej
charakterizacie.

2. Experimentalna éast
Pyrolyzny material na baze &istiarenského kalu (BC) bol vyprodukovany v spolupraci s COV Linz
Unkel (Nemecko). Pre produkciu bol vyuZity velkokapacitny kontinualny pyrolyzny reaktor Pyreg

(Obr.1) s teplotou pyrolyzy 603-615°C, striktne anoxickou atmosférou a priamym spalovanim
vznikajucich plynov (FLOX-zariadenie). Pyrolyzny materiél bol zositovany na frakciu 0,5-1 mm.

Obr. 1 Schéma produkcie pyrolyzneho materialu z &istiarenskych kalov v COV Linz-Unkel (Nemecko)
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Pyrolyzny material bol charakterizovany stanovenim aktivneho a potencidlneho pH, hodnoty
elektrickej vodivosti (EC) a obsahu popola. Obsah uhli¢itanov sme zistovali vo vzorkdch biouhlia
volumetrickou metddou s aplikidciou Jankovho vapnometra. Jankov vdpnomer funguje na principe
reakcie HCl s uhli¢itanmi za vzniku CO,, ktory vytlaéa vodu v kalibrovanej casti vdpnometra. Pre
stanovenie celkovej koncentracie 18 Struktur polycyklickych aromatickych uhlovodikov (PAU) podla
USEPA (1995) konkrétne: naftalénu, acenaftylénu, acenaftalénu, fluorénu, fenantrénu, antracénu,
fluoranténu, pyrénu, benzo(a)antracénu, chrysénu, benzo(b)fluoranténu, benzo(k)fluoranténu,
benzo(a)pyrénu, dibenzo(a,h)antracénu, benzo(g,h,i)perylénu, ideno(1,2,3)pyrénu, 1-metylnaftalénu a
2metylnaftalénu (Obr.2) bola vyuzitd modifikovand extrakénda procedura podfa Hilber a kol. (2012)°.
Do extrakénych patrén sme navazili 5 g vzorky biouhlia. Patrény sme vloZili do Soxhletovej extrakénej
aparatury a do varnej banky sme pridali 125 ml extrakéného ¢inidla — toluénu (p.a). Varnd banku sme
zahrievali pri teplote <115°C na dosiahnutie varu extrakéného ¢inidla. Extrakcia prebiehala po dobu 36
h. Ziskané extrakty boli zakoncentrované pomocou vakuovej odparky HEIDOLPH Hei-Vap (Nemecko)
pri podmienkach 42°C, 140 rpm a tlaku 50 mbar. Na kvantifikaciu PAH latok bola pouZita vysokoucinna
kvapalinova chromatografia (1260 Infinity, AGILENT Technologies) s vyuZitim kolony Restek C18 PAH
(150 x 4.6 mm; 4 um), mobilnej fazy acetonitril-voda a DAD detektora (A = 280 nm). Objem vzorky 5 pL
a teplota 30°C.

Obr. 2 HPLC chromatogram 3tandardov (10 mg/L) naftalénu, acenaftylénu, acenaftalénu, fluorénu,
fenantrénu, antracénu, fluoranténu, pyrénu, benzo(a) antracénu, chrysénu, benzo(b)fluoranténu,
benzo(k) fluoranténu, benzo(a)pyrénu, dibenzo(a,h)antracénu, benzo(g,h,i)perylénu, ideno(1,2,3)pyrénu,
1metylnaftalénu a 2-metylnaftalénu pouZitych pre kalibraciu metddy (R?>0,999)

Na kli¢ivostné testy sme poutili ako rastlinny model Zeruchu siatu (Lepidium sativum) z ¢elade
kapustovité, kvoli jej rychlemu kli¢eniu, a vodné extrakty pyrolyzneho materidlu (BC) s hmotnostnym
pomerom materidl:voda — 1:10 a 1:100. Pre sledovanie vplyvu skimaného pyrolyzneho materialu na
vodnu faunu bol vyuZity test akutnej toxicity s vyuZzitim Dafnie oby¢ajnej (Daphnia pulex) podla Bastos
a kol. (2014)'°. Testovacie jedince boli ziskané z komeréne dostupného chovu, uskladnené v chladni¢ke
pri 5°C a bezprostredne po ziskani aplikované v teste. Vek lariev bol odhadnuty na zaklade
morfologickych znakov na 3-4 dni. Vplyv pridavku pyrolyzneho materidlu BC (5% a 10% v/v) na rast a
produkciu biomasy bol testovany v kultivaénom experimente s vyuzitim rastlinného modelu redkovky
siatej (Raphanus sativum). Anorganické formy fosforu vo vzorke biouhlia sme zistovali pomocou kyslej
extrakcie pouzitim 1 mol/L HCl v pomere 0,2g vzorky k 10 ml HCI, aby bol dodrzany pomer 1:50 w/v
(vzorka : extrakéné Cinidlo). Suspenziu sme miesali po dobu 24 h pri 22°C a 45 rpm na laboratérnej
trepacke (Orbital Shaker- Multi-RS 60, Biosan, Loty$sko). Anorganicky fosfor sme kvantifikovali na
zéklade postupu STN EN ISO 6878 v supernatante, ktory sme od suspenzie oddelili centrifugéciou pri
4000 rpm a 20 minut. Na zaklade od¢itania hodnot celkového P od anorganického P sme vypocitali
podiel organického P vo vzorke biouhlia. Celkovy fosfor bol stanoveny podla prace Fristak a kol. (2018)
po predchdadzajucej mokrej oxidacii HNOs a H,0,. Vazbovost fosforu vo vzorke biouhlia sme zistovali
pomocou sekvenénej extrakcie podla Quian a Jiang'!. Lahko rozpustné formy fosforu a jeho vapenatych
zlG¢enin sme zistovali Calcium Acetate Lactate (CAL) metédou podla Schiillera’?. Fosfor sme vo
vzorkdch pyrolyzneho materialu kvantitativne stanovovali na zéklade postupu STN EN ISO 6878 pre
stanovenie ortofosfatov vo vodnych vzorkéch s vyuzitim UV-VIS spektrofotometrie (Cary 50, Varian).
Podstatou stanovenia je reakcia kyslého roztoku obsahujiuceho idny antiménu a molybdénanu s
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ortofosfore¢nanovymi idnmi za vzniku antimdn-fosfomolybdnénanového komplexu. Redukciou
komplexu kyselinou askorbovou vznika syto sfarbeny komplex molybdénovej modrej. Koncentracia
pritomnych ortofosforecnanov sa stanovi spektrofotometrickym meranim absorbancie komplexu pri
880 nm. Pracovny kalibraény mad bol 0,2-2 mg/L. Vnidtorné a povrchové Struktiry boli zistované
pomocou skenovacej elektronovej mikroskopie (SEM) a elektrénovo-disperznej rontgenovej analyzy
(EDX) za poutitia elektronového mikroskopu JEOL JSM 7600F (Japonsko). Analyzy boli realizované pri
tlaku vékua 9,0 x 10 Pa, napiti 20 kV a pri zva&seni 50x a 250x.

3. Vysledky

Zo zakladnej charakterizécie fyzikalno-chemickych vlastnosti pyrolyzneho materidlu (Tab. 1) je
mozné usudit, Ze aktivne aj potencialne pH je vzhfadom na podmienky pripravy a obsah uhlika vo
vzorke nizke, nakolko pri teplote pyrolyzy > 550°C by mali hodnoty pH stipat do zasaditej oblasti pH.
Zastupenie uhlika a dusika vo vzorke pyrolyzneho materidlu je pomerne vysoké pri porovnani s
obdobnymi materialmi. Obsah dusika v pyrolyzovanej vzorke je pomerne vysoky, ¢o méze znadit
pritomnost organického dusika, ktory zostal po pyrolyze vo vzorke a ktory méze prispievat k nizsiemu
pH vzorky materialu. Elektricka vodivost pyrolyznej vzorky nam naznaduje pritomnost iénov, ktoré sa
moiu zo vzorky uvolhit pocas lGhovania v rozpustadle. Ukazovatel obsahu popola naznaluje
pritomnost pomerne velkého mnoZstva anorganickych latok, ktoré méze byt vacSinovo tvorené
tazkymi kovmi alebo mineralnymi zlozkami. Obsah prchavych latok naznacuje, Ze po pyrolyze zostalo v
Strukturach alebo na povrchu pyrolyzneho materialu malo prchavych latok ako aj vihkosti v porovnani
s obsahom prchavych latok v susenych kaloch. CAL extrahovatelné formy fosforu vo vzorke, ktoré ako
chemické nastroje charakterizuju mnozstvo biologicky pristupného fosforu pre rastliny, dosahovali
koncentraciu 7,25 mg/g, ¢o je priblizne 12% celkového fosforu. Celkovy obsah polycyklickych
aromatickych uhlovodikov vo vzorke pyrolyzneho materidlu bol 1,054 mg/g

Tabulka 1 Fyzikdlno-chemické charakteristiky vzorky BC

PHiz0 6,40 + 0,001

I PpHkal 5,73 £0,007 '
' EC (uS/cm) 623,312,6 '
I Obsah popola (%) 27,09 +0,26 I
" Obsah prchavych latok (%) 6,57 £0,06 '
' €O (%) 0,2 0,001 '
' (%) 35,5 '
' H (%) 0,95 '
' N (%) 421 '
' S (%) 0,72 '
' 18 PAU (mg/kg) 1,054 '
I Celkovy P (mg/g) 60,23 +2,40 I
CAL extrahovatelny P (mg/g) 7,25+0,43 I

Vzorka pyrolyzneho produktu ziskaného z Cistiarenského kalu (BC) obsahovala viac ako polovicu
celkového fosforu v organickej forme (58,82%), co moze byt nasledkom transformacie pocas pyrolyznej
upravy. Zo sekvencnej extrakcie sme zistili zastupenie foriem fosforu pritomného vo vzorke
pyrolyzneho materidlu (Obr.3). Na zéklade nasich vysledkov mézeme usudit, ze mobilné formy P,
extrahovatelné vodou boli vo vzorke pomerne malo zastipené, ¢o mohlo byt spésobené pyrolyznou
upravou kalu, pri ktorej sa v pyrolyznom zvysku fosfor transformoval na stabilnejSie formy. NaOH-
extrahovatelny fosfor predstavuje ortofosfore¢nanové kompozity s Fe a Al, ktoré sa pomaly uvolfiuju
do pdd a v pripade nasej pyrolyznej vzorky predstavuju pomerne vysokd hodnotu (>27%). HCI
extrahovatelny fosfor predstavuje formy stabilnejsieho fosforu a mineralov, ktoré sa do pody uvolfiuju
velmi pomaly, pricom hodnota HCl-extrahovatelného fosforu bola v nasej pyrolyznej vzorke zastipena
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v najvyssom podiely (>34%). Neextrahovatelny P ako rezidudlny, ktory nie je mobilizovatelny Ziadnym
z pouZzitych extrakénych ¢inidiel predstavoval 40%.

Obr. 3 Frakciondcia viazaného fosforu vo vzorke pyrolyzneho materidlu (BC), stanoveného sekven¢énou extrakciou
s poradim krokov: H,O-extrahovatelny (I.), NaHCOs-extrahovatelny (Il.), NaOH-extrahovatelny (ll.), HCI-
extrahovatelny P (IV.) a rezidudlny (neextrahovatelny) P (V.).

Morfoldgiu povrchu pyrolyzneho materialu na baze kalu (BC) sme skimali pomocou SEM analyzy
(Obr.12) so zvaédenim 50x a 250x. Zo ziskanych mikrosnimkov je moZné usudit, Ze morfoldgia kalu je
pomerne kompaktnd, resp. ma minerdlny charakter. V porovnani s pyrolyznymi materialmi
pripravenymi z konvenénych vstupnych materialov ako je drevna Stiepka, orechové $krupiny, zahradny
drevny odpad alebo polnohospodérske odpady je zrejmé, Ze porovitost produktu je silne zavisla na
vlastnostiach a najma Strukture pévodnej biomasy.

Obr. 4 SEM snimky povrchu pyrolyzneho materialu (BC) so zvaésenim 50x (A) a 250x (B)

EDX analyza preukazala pritomnost P, O a Fe vo vzorke BC a na zaklade prekryvov tychto troch
prvkov je mozné usudit, Zze si na seba chemicky viazané a to pravdepodobne vo forme
fosfore¢nanovych soli Zeleza. Zo ziskanych vysledkov kli¢ivostnych testov mozno konstatovat, ze
pridané vodné extrakty pyrolyzneho materialu nemaju negativny vplyv na kli¢ivost Zeruchy siatej
(Lepidium sativum), nakolko sa uz po 12h testu ukazalo, Ze vzorky s extraktmi z pyrolyzneho materialu
v pomeroch 1:10 a 1:100 mali rychlej3iu kli¢ivost ako kontrolnd vzorka s destilovanou vodou. Na
zistenie ekotoxicity vodou-extrahovatelnych latok z pyrolyzneho materidlu sme realizovali test s
vyuZitim malych vodnych kérovcov konkrétne dafnie obycajnej (Daphnia pulex). Ziskané vysledky
(Obr.5) nepotvrdili Statisticky vyznamny rozdiel medzi mortalitou jedincov po 48 h v 100% vyluhu
pyrolyzneho materidlu v porovnani s kontrolnou vzorkou (s nulovou koncentréciou vyluhu).
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Obr. 5 Porovnanie vplyvu vodou extrahovatelnych latok z BC na mortalitu jedincov dafnie obycajnej (Daphnia
pulex) s dobou expozicie 24h a 48 h. Percentualne hodnoty vyjadruju podiel BC vodného extraktu v Zivnom médiu.
Rozdielne pismend oznaduju Statisticki vyznamnost medzi jednotlivymi pridavkami v danom parametri na
zdklade Tukey post-hoc testu (p<0,001).

Na zaklade vysledkov kultivaéného testu s redkovkou siatou mézeme potvrdit vyznamnu
Statisticki odchylku pri porovnani kontrolnej vzorky bez pyrolyzneho materidlu a vzorky s 10%
pridavkom pyrolyzneho materialu na rast podzemnej Casti redkovky siatej (Obr.6). Statisticky
vyznamny rozdiel méZeme pozorovat aj v pripade narastu nativnej (nevysusenej) a suchej biomasy.

Obr. 6 Porovnanie vplyvu 5% a 10% (V/V) pridavku BC na rastové charakteristiky (dizka podzemnej &asti, dizka
nadzemnej &asti, hmotnost vyprodukovanej biomasy pred a po vysuseni do k.h.) redkovky siatej po 6 tyzdfioch
kultivacie s kontrolnou vzorkou (K) piesku bez pridavku BC. Rozdielne pismena oznacuju Statistickd vyznamnost
medzi jednotlivymi pridavkami v danom parametri na zaklade Tukey post-hoc testu (p<0,001).

4, Zavery
Termochemicka konverzia Cistiarenskych kalov sa s pribddajdcimi vyskumnymi pracami ukazuje ako
slubna metdda na spracovanie tychto heterogénnych a zna¢ne komplikovanych odpadov.
Charakterizacné Studie potvrdili nizku hodnotu celkového uhlika v pyrolyznej vzorke, ako aj
pritomnost pomerne vysokého mnozstva fosforu. Sekven¢énou extrakciou boli zistené koncentracie
roznych foriem fosforu, z ktorych dominovali pomaly uvolnitelné formy fosforu (NaOH a HCI-
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extrahovatelné). Ekotoxikologické testy realizované s pouzitim Zeruchy siatej a dafnie obycajnej
nepreukazali vyznamné nebezpecenstvo pre tieto organizmy. Kultivacny test na redkovke siatej
potvrdil vyznamnost poutzitia pyrolyzneho materialu z ¢istiarenského kalu zvy$enym rastom podzemnej
Casti rastliny, ako aj vy$Sou tvorbou biomasy. Na zaklade ziskanych vysledkov sa pyrolyzny material
pripraveny z komundlneho Cistiarenského kalu zda byt sfubnym pdédnym aditivom a potencidlnou
alternativou konvenénych anorganickych hnojiv. Akokolvek je velmi déleZité poukdazat na pritomnost
tazkych kovov, ktoré sa v procese pyrolyzy multiplikuji vo vyslednom produkte. Otazka ich biologickej
pristupnosti a extrahovatelnosti si vyzaduje rozsiahlejsie skimanie a dalsie experimenty.
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Azotobacter vinelandii is a plant-growth-promoting bacterium
(PGPB), capable of synthesizing two different biopolymers with
great application potential. Polyhydroxyalkanoates (PHA) are pro-
duced and stored in a form of intracellular granules, whereas algi-
nate is produced extracellularly. Plant growth-promoting bacteria
can be used as bio-inoculants to increase yields in agriculture. En-
capsulation of bacteria into hydrogel-based carriers substantially
improves the application potential of the bioinoculant as well as
the viability and robustness of the bacterial culture. In this work,
the alginate produced by the bacteria themselves was crosslinked
with a calcium chloride solution to form a hydrogel carrier with
encapsulated bacteria. This unconventional concept that we ter-
med ,self encapsulation simplifies bacterial encapsulation and
production of hydrogel carriers, reduces the cost, and expands its
usability in numerous applications. Firstly, we screened five strains
of Azotobacter vinelandii to select those with a sufficient produ-
ction capacity concerning alginate and PHA and suitable gelation
properties. Actually, the strain DSM 87 reached the highest con-
centration of the alginate (4.9 = 0.6 g/l). The alginates produced
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by strains DSM 87 and DSM 720 demonstrated the best gelation
properties. The bacterial entrapped in a gel matrix seemed to be
viable and cultivatable. Hence, the preliminary results confirmed
the feasibility and viability of the novel concept.
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Food adulteration is a long-standing problem. As new ways of
adulteration develop, new methods for food authenticity checking,
including DNA-based ones, should be developed, too. In this work
we focused on multiplex real-time PCR-HRM and its possible use
in simultaneous detection of various fruit species in food. New
apricot-specific primers were also designed as a part of this work.
Peach and apricot were chosen as the fruit species of interest be-
cause they occur as both the adulterant and the adulterated com-
modity [1], and because certain foodstuffs (such as infant food)
contain both of these fruits. We analyzed three fruit purees, two of
which contained approximately 70 % of apple and 30 % of either
apricot or peach. In these purees, neither apricot nor peach was de-
tected. The third puree contained both apricot and peach, but not
apple. Using multiplex PCR, we were able to detect apricot in the
last puree by both HRM analysis and electrophoresis, and peach
was detected by electrophoresis. From these results we conclude
that while multiplex PCR can be used for simultaneous detection
of peach and apricot in certain foodstuffs, further study focusing
on the influence of matrix type on the results of this method would
be appropriate.
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Mankind invests significant amount of resources and effort to
decrease micro-plastics production; one of the solutions is re-
placement the conventional plastics by biodegradable plastics.
However, the conditions for biodegradation are not always met in
real environment, thus the degradation of the bioplastics is slow
or incomplete and paradoxically it leads to the micro-bioplastics
formation [1]. The adverse ecotoxicological effects of conventio-
nal micro-plastics on living organisms are known, but the micro-
-bioplastics are almost overlooked [2]. There is also lack of articles
describing the effect of both micro-plastics and micro-bioplastics
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on soil abiotic processes [3]. We tried to address this issue by ana-
lyzing the effect of polyhydroxybutyrate (PHB) micro-bioplastics
and polyethyleneterephtalate (PET) microplastics. The aim was to
assess |) the effects of PHB micro-bioplastics on soil structure,
1) the effect of PHB on soil megafauna, and Ill) how the biodegra-
dation of bioplastics effects the nutrient content, microbiological
activity and thus the crops growth.

We used following setups. 1) Influence of MPs on abiotic characte-
ristics of soil was investigated in sapric histosol spiked with diffe-
rent concentrations of micro-plastics and micro-bioplastics expo-
sed to the different relative humidity. The soil indicator describing
the soil water retention and desiccation (water holding capacity
and soil water evaporation enthalpy) and effects on soil structure
were measured using DSC. 1) The ecotoxicological adverse effects
caused of PHB was tested according to the OECD acute, chronic
and escape earthworm tests. The pot maize plant experiment was
conducted to describe effects of PHB micro-bioplastics on the
crops and agricultural soil. Ill) The maize seeds planted in pots
were exposed to different concentrations of PHB. Subsequently
the pots were kept in the growth chamber for 90 days and then the
plants were harvested. The plant biomass, soil microbial activity
and soil microorganisms were analyzed.

Results: We have found out that contamination of micro-plastics
and micro-bioplastics results in changes in the soil organic
matter structure and accelerated desiccation of soil. The presen-
ce of micro-bioplastics also leads to microbial activity boost, the
mineral soil nutrient depletion, and significantly lower yields of
biomass.
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The family of yellow pigments flavins includes nature-inspired mo-
lecules derived from the tricyclic heterocycle isoalloxazine. The
omnipresent biological source, riboflavin, is an important segment
of redox cofactors serving as electron shuttles within the cellular
metabolism. Both natural and synthesised flavins share unique
properties attributed to the isoalloxazine core, defining the redox
and optical properties.

Our research group has recently studied the synthesizabi-
lity of flavin derivatives resulting in the preparation of NH-
-free  molecules with prolonged conjugation of the aroma-
tic system [1]. In addition, we focused on the solubility of the
molecules in common organic solvents and enhanced it by
N,N'-alkylation, leading to better processability and consequent
complex evaluation of the physicochemical properties [2].

The initial research served as a springboard towards constructing
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novel branched flavins with donor-ri-donor (D-i-D) character. Thus,
corresponding nature-inspired D--D systems are auspicious for
the use in organic electronic and bioelectronic devices in terms of
their biocompatibility, non-toxicity with a potential low-cost produ-
ction. Herein, our current progress in synthesis is presented. The
approach requires elaboration of a reliable method for preparing
the responding 1,2-diketones to form the isoalloxazine core of the
flavin by condensation reaction with 5,6-diaminouracil.
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Abstract

The work is focused on the chemical processes leading to the production of polymerizable
material precursors made out of the natural sources with the potential for the coatings applications.
There are various biosource substrates which can be transformed into the potential coating materials
such as vegetable oils, sorbitol or lactic acid. The modification of these reactants via acrylic acid,
methacrylic acid and methacrylic anhydride has been studied. Modified vegetable oil structure
contains a significant amount of biosource carbon. Sorbitol material precursor derivatives show high
glass transition temperature numbers (T, > 100 °C) after their polymerization and ethyl lactate
methacrylate as a polymerizable derivative of lactic acid reached the highest conversion level of
99.9 %. There is a possibility that the fatty acids together with sorbitol derivatives such as isosorbide
in the form of an ester can combine their properties. These materials are supposed to be an
alternative to the materials used currently for the coating applications like pure acrylates or artificial
polyurethanes.

Keywords: Biosource material, coating, vegetable oil, sorbitol, ethyl lactate

1 Introduction

Vegetable oils are one of the appropriate substrate for a biopolymer coating material. The biggest
motivation for using these molecules is probably their high bio-source carbon content. There is also
a big variety of the oil kinds such as soybean, sunflower, palm, rapeseed, linseed etc. which leads to
a usage of a regional sort of vegetable source. Oils particularly are used because of their liquid phase
form. Although this kind of a potential polymer substrate is liquid, it is not volatile enough to
negatively affect the environment, that’s also one of the reasons for considering them for coatings
application. When oils are unmodified there is few opportunities of how to prepare a polymer
material out of them. Alkydes can be prepared from a crude oil for example. However if oils undergo
the epoxidation reaction in order to modify the double bonds occurring in the structure of
triacylglycerol, the epoxy functional groups are formed out of them. Epoxy groups may be cross-
linked via diamines or dicarboxylic acids according the nucleophile substitution reaction mechanism.
There is a possibility to modify the epoxidized triacylglyceroles further by the polymerizable
carboxylic acids. Acrylic acid and methacrylic acid are members of this group of organic acids. If we
use them with a suitable catalyst, we’ll obtain acrylated or methacrylated oils. These derivatives can
be polymerized by thermo of photo initiators. Since there is always more than one double bond
triacylglycerol structure (further epoxidized and acrylated) a resin is a product of the polymerization.
Therefore these materials are insoluble due to the 3D molecular network [1,2].

Lactic acid is a naturally occurring carboxylic acid containing one hydroxyl functional group. This

compound is produced via numerous biotechnological processes and it is used in the food industry as
an additive or pH regulator. The presence of hydroxyl group provides specific properties such as the
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possibility to generate H-bonds, it also leads to a higher polarity of the compound and it also enriches
the acidity due to the inductive effect [3]. Lactic acid is used for the production of poly(lactic acid),
which can be synthesized by various ways. This carboxylic acid is also a substrate for esterification
reactions and namely ethyl lactate. Ethyl lactate is one of the most promising organic solvents due to
many factors. This ester does not negatively affect health conditions, it is not teratogenic and can be
metabolized in the living organism via the hydrolysis mechanism to produce ethanol and lactic acid,
which are not dangerous compounds either and can be metabolized as well. Ethyl lactate is
considered to be arenewable and sustainable solvent at the same time [4]. The presence of
a hydroxyl functional group in the structure of ethyl lactate has the potential to be modified by
acrylic or methacrylic functional groups which can provide an opportunity of the radical
polymerization. The resulting polymers might stay polar enough to interact with polar solvents
(water) and their potential for hydrolysis could be promising towards the biodegradability. Lactic acid
and its esters are optically active and L-lactic acid (and its derivatives) is the save enantiomer for the
human metabolism. This leads to another application of acrylated/methacrylated ethyl lactate
polymers such as enantioselective catalysts [5,6].

Figure 1: /lustration of the structure of modified ethyl lactate polymers and the list of their properties [6].

Sorbitol as a product of the reduction reaction of the carbonyl compounds such as glucose or
fructose contains in total six hydroxyl functional groups. They can undergo intramolecular
etherification which leads to the formation of various anhydrohexitols or one particular
dianhydrohexitol — isosorbide (1.4:3.6-dianhydrohexitol). This compound contains only two hydroxyl
functional groups while one of them creates H-bond inside of its own structure therefore this
particular hydroxyl group is more stabilized against nucleophile substitutions for example. This
property can be used for selective reactivity of isosorbide. The molecule of isosorbide is crystalline
with the melting point around 60-64 °C and its interesting property is a high glass transition
temperature of particular its derivatives (T, > 100 °C). This is caused by the rigid bicycle structure of
the compound [7]. One of the most well known groups of isosorbide derivatives are their
methacrylates. If methacrylic acid and an appropriate catalyst are used and the forming water is
separated from the mixture by azeotropic distillation, for example monomethacrylated isosorbide
can be prepared. Both hydroxyl groups can be modified by methacrylic anhydride since this
functional derivative of a methacrylic acid is sufficiently reactive. According to the functionality of the
modified isosorbide a thermoplastic polymer in the case of polymerization of the
monomethacrylated isosorbide and a reactoplastic polymer (resin) via the polymerization of the
dimethacrylated isosorbide can be prepared [7,8].
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Figure 2: The reaction pathway of sorbitol dehydration [9].

These three mentioned groups of polymerizable compounds were already synthesized and
characterized in order to get information necessary for their possible applications in a field of coating
technologies. Properties important for this kind of usage are viscosity, boiling point or the rate of
polymerization. Besides of obtaining some of these properties there have been made particular
analyses to obtain structural information in order to confirm the structures of prepared compounds.
These analyses involve FTIR spectrometry, volumetric analysis, the refractometry or the polarimetry.

2 Experimental
2.1 Materials and methods

For the experimental work sunflower oil (triacylglycerol, I.V. = 121.8 g 1,/100 g purity > 99 %,
Fichema s.r.0.); sorbitol (D-glucitol, purity > 90 %, Fichema s.r.o0.) as a substrate for the synthesis of
isosorbide; and ethyl lactate (ethyl 2-hydroxypropionic acid, purity > 99 %, Sigma-Aldrich) which was
used for the preparation of ethyl lactate methacrylate (ethyl 2-(methacryloyl)oxypropionate) were
used. Chemicals used for the modification purposes were hydrogen peroxide (concentration 35 % by
weight, Fichema s.r.0.), formic acid (concentration 85 % by weight, PENTA s.r.0.), acrylic acid (prop-2-
enoic acid, purity> 99 %, Sigma-Aldrich), methacrylic anhydride (2-methylprop-2-enoyl 2-
methylprop-2-enoate, purity > 94 %, Sigma-Aldrich). Catalysts used for syntheses were triethylamine
(TEA, N,N-diethylethanamine, purity > 99.5 %, Sigma-Aldrich) and DMAP (4-(Dimethylamino)pyridine,
purity > 99 %, Sigma-Aldrich). To prevent a spontaneous polymerization, 4-(Methoxy)phenol
(hydroquinone monomethyl ether, purity > 99 %, Sigma-Aldrich) was used as a stabilizer.

The sunflower oil was epoxidized by molar ratio 1:1.4:0.2 (double bonds of oil, H,0, solution,
formic acid solution) in order to be further modified. The epoxidation was realized in stirred 2 dm?
reactor and the conditions were the temperature of 62 °C and the time of reaction 10 hours. After
the epoxidation process the mixture was centrifuged, the organic phase containing epoxidized oil
was transferred into a round bottom flask (1 dm?) and the remaining water was distilled. After this
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process, a pure anhydrous epoxidized oil was added into the solution of acrylic acid, a stabilizer and
the catalyst (TEA) in a molar ratio 1:1.5:0.005:0.026 (epoxy groups, acrylic acid, 4-(Methoxy)phenol,
triethylamine). This mixture was tempered for 8 hours at 80 °C. After the reaction the remaining acid
was neutralized and dissolved into a water phase and separated along with the stabilizer and the
catalyst. The remaining water from the organic phase was distilled.

Isosorbide was prepared via the dehydration. Sorbitol was mixed with sulphuric acid (96 % by
weight) by the mass ratio 1:0.001 (sorbitol, sulphuric acid). This mixture was kept for 10 hours in a
reactor with the temperature of 120 °C. After the dehydration process the acid was neutralized by
sodium hydroxide solution (equimolar ratio to the acid) and all formed water was distilled. The
prepared crude isosorbide was recrystallized in a methanol twice and the pure product was
characterized. The coating precursor material — isosorbide dimethacrylate — was synthesized via the
acylation reaction. The reaction mixture consisted of isosorbide and methycrylic anhydride in a molar
ratio 1:2 and the stabilizer (0.5 mol. %) with the catalyst (DMAP, 3 mol. %) were added into the
mixture. The mixture was aerated during the reaction for an optimal stabilization. The temperature
of the reaction was kept at 70 °C. The mixture was neutralized after approximately 48 hours to
separate the formed methacrylic acid. After this step, the solution was extracted via water to
separate secondary reaction products, the stabilizer and the catalyst. The remaining water was
distilled from isosorbide dimethacrylate.

Ethyl lactate methacrylate was synthesized out of ethyl lactate and methacrylic anhydride
according to molar ratio 1.6:1.5. The mixture contained the same molar percentage of either the
catalyst (DMAP, 3 mol. %) and stabilizer (4-(Methoxy)phenol, 0,5 mol. %) as the methacrylation
mixture producing isosorbide dimethacrylate. The temperature of the reaction remained the same as
well (70 °C). After approximately 48 hours the formed methacrylic acid was neutralized and the
remaining ethyl lactate, the methacrylic salt, the catalyst and the stabilizer were extracted. The
product was centrifuged and the remaining water distilled.

2.2 Results and characterization of the products

The epoxidation of the sunflower oil was monitored via the volumetric methods such as the
acidity value, the iodine value, the saponification value. All these titrations are often used to analyze
particularly fats and oils. The selective volumetric method to determine the level of the epoxidation
is the oxirane oxygen content (OOC), which is giving the information of the number of epoxy
functional group in the analyzed sample. All these parameters have been measured and the results
are shown in table 1.

Table 1: The results of the volumetric analyses of the process of the epoxidation.

Epoxidation of the sunflower oil
Parameter Unit 0il Epoxidized oil
lodine value [g1,/100 g] 121.8 17.6
Number of double bonds -] 4.2 0.6
Theoretical 00C [% oxirane oxygen] 7.12 6.3
Acidity value [mg KOH/g] 0.5 0.5
Saponification value [mg KOH/g] 191.5 -
M, [g/mol] 878.8 937.9

The calculated conversion according to the iodine value and the OOC is above 85 %. The FTIR
characterization is shown in the fig. 3.
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Figure 3: The comparison of the FTIR spectra of the sunflower oil (SLO) and the epoxidized sunflower oil (ESLO).
There are evident the changes in the areas of double bonds signals and the area of the finger print part showing
the formation of epoxy functional groups (oxirane) [10].

The acrylation process modifying the structure of triacylglycerol was monitored by measuring the
acidity value and the OOC while both of these values decreased since the epoxy functional groups
were substituted by the attacking acidic nucleophiles. The results of the preparation process are
summarized in the table 2.

Table 2: The results of the volumetric analyses of the epoxidized oil’s acrylation.

Acrylation of the epoxidized suflower oil
Parameter Unit Epoxidized oil | Acrylated oil
00C [% oxirane oxygen] 6.3 0.7
Acidity value (acid mixture) [mg KOH/g] 217.8 91.3

The calculated conversion according to the acidity value and OOC is around 90 % considering the
theoretical 100 % value of the acidity number being 72.6 mg KOH/g. The FTIR characterization of the
product is shown in the fig. 4.
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Figure 4: The comparison of the FTIR spectra of the epoxidized sunflower oil (ESLO) and the acrylated sunflower
oil (ASLO). There are evident changes in the areas of double bonds signals, in the area of the finger print part
showing the disappearing of epoxy functional groups and it is also evident the forming of a signal proving the
presence of hydroxyl functional groups resulting out of the acrylation process [10].

The synthesis of isosorbide from sorbitol was also analysed via the volumetric method. The
hydroxyl functional groups were reduced tremendously during this reaction due to the formation of
intramolecular ether bonds. Also an equimolar amount of the reaction water which was measured
via the gravimetric method was formed. The results of the dehydration are shown in table 3.

Table 3: The results of the volumetric and gravimetric analyses of the process of the sorbitol’s dehydration.

Isosorbide synthesis
. . Isosorbide Isosorbide
Parameter Unit Sorbitol (theoretical) | (measured)
Weight of the water (e _ 433.9 246.5
content
Hydroxyl value [mg KOH/g] 1847.8 767.7 768.5

The structure of the reaction’s product was verified via FTIR analysis. A comparison of the
standard isosorbide sample (99 % purity, Sigma-Aldrich) and the synthesis’ product was made. The
results are summarized in fig. 5.
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Figure 5: The comparison of the FTIR spectra of standard and synthesized isosorbide [10].

The process of methacrylation of the prepared isosorbide was analysed by the measurement of
the hydroxyl value. The product was also characterized via FTIR spectrometry. Both results are shown
in table 4 and fig. 6. The calculated conversion according to the hydroxyl value is around 80 %.

Table 4: The volumetric analysis of the methacrylation of the isosorbide.

Isosorbide methacrylation
Parameter Unit Isosorbide . Isosorbide
dimethacrylate
Hydroxyl value [mg KOH/g] 768.5 167.3
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Figure 6: FTIR spectra of isosorbide and isosorbide dimethacrylate (ISDMMA). There are evident differences in
the areas of hydroxyl groups and the double bonds [10].

Last prepared polymerization precursor was ethyl lactate methacrylate. The methacrylation
process was realized by the same way as the one with isosorbide as a substrate. The analyses
describing the product were volumetric analysis and the refractometry. The calculated conversion of
the reaction from the hydroxyl number is closing to 99.9 %. The results are shown in the table 5.

Table 5: The results of the analyses of the synthesized ethyl lactate methacrylate and ethyl lactate.

Synthesis of ethyl lactate methacrylate
Parameter Unit Ethyl lactate Ethyl lactate
methacrylate
Hydroxyl value [mg KOH/g] 470.5 0.5
Refraction index [-] 1.4110 1.4336

All the synthesized products were analyzed via the viscometry. The reason for this
characterization comes from the fact, that the value of an apparent viscosity is very important for the
coating technologies. The results of the viscometry are summarized in the table 6.

Table 6: The results of the viscometry of synthesized materials.

Viscometry of the synthesized materials
Product Apparent viscosity at 22 °C [mPa-s]
Epoxidized oil 426
Acrylated oil 10 600
Isosorbide (Solid)
Isosorbide dimethacrylate 182
Ethyl lactate methacrylate 3
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3 Conclusion

Various polymer precursors were prepared from the various renewable biosource materials. The
conversion of each product was calculated and the highest conversion close to 99.9 % was reached in
the case of ethyl lactate methacrylate. The lowest viscosity, as the main factor for the coating
applications, was also measured for ethyl lactate methacrylate (3 mPa-s). However ethyl lactate
methacrylate doesn’t contain the highest amount of the naturally occurring carbon and the
percentage in its case is 55.5 % (of a bio source carbon). The other products reached either lower
amount (isosorbide has 42.9 % of bio source carbon) or a higher value (acrylated sunflower oil has
86.4 % of bio source carbon). Acrylated oil reached the highest viscosity out of all products resulting
in 10 600 mPa-s.
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Carotenoids are bioactive compounds that are widely found in
nature as natural pigments, synthesised mostly by plants, algae
and microorganisms. The main dietary sources of carotenoids
are vegetables and fruits. Analysis of these compounds can be
challenging because carotenoids are usually structural isomers or
differ just in the number of hydroxyl groups. Liquid chromatogra-
phy coupled with diode array detector or mass spectrometer are
the most popular analytical techniques combinations used for the
analysis [1,2].

Presented study focuses on quantitative determination of three ma-
jor carotenoids — lutein, lycopene and B-carotene — using high per-
formance liquid chromatography with diode array detection (HPLC-
-DAD). Overall, several varieties of fresh and frozen spinach, green
peas, carrots, tomatoes and corn were analysed. These vegetables
were chosen because they are rich in carotenoids. Analytes were
extracted with and without hydrolysis. Separation was achieved
using reverse phase C18 column with gradient elution. The eluent
was further analysed at the characteristic detection wavelength
for each carotenoid. The identification was based on comparison
of the retention times and spectra of the measured samples with
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the standards. Quantification was done using external calibration.
To ensure the precision of the method, certified reference material
(CRM) was also analysed by the same method.

It was found that the crucial step was the alkaline hydrolysis as
almost no free forms of carotenoids were detected. Also, there
was nearly no difference between fresh and frozen vegetables in
terms of carotenoids content. Such information can be important
for food producers. The analysis of CRM showed that the method
used is precise and reliable.
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The diffusive gradients in thin films technique (DGT) was first repor-
ted by Zhang and Davison in 1994 for determination of zinc in seawa-
ter. The DGT devices conventionally employs a diffusive layer consis-
ting of polyacrylamide or agarose hydrogel, sorption layer consisting
of appropriate binding agent immobilized in hydrogel and membrane
filter as a protective layer. The principle of DGT technique is based
on kinetic separation of metal ions, dissolved inorganic or small labi-
le organic complexes from aquatic system according to Fick’s First
Law and their accumulation in sorption layer. A major advantage of
DGT technique is the in situ deployment for metal bioavailability and
time-integrated measurements. In addition, DGT preconcentrates
metal solutes improving problems of contamination and method
detection limits. Traditional DGT device for metal analysis comprise
a Chelex-100 as binding agent, which can be used for the determinati-
on of 24 cationic metals. But for greater comprehensiveness of DGT,
many other materials have been employed as adsorbents due to their
availability or selectivity for specific chemical species. One way of the
recent research progress of DGT technique is utilization of low-cost
materials an agricultural by-products as binding agents considering
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an economic and green-technology approach. For example, banana
peels, coffee grounds or baker’s yeast have already been used in DGT
technique for metal ions determination [1-3].

This study focuses on using of waste material from wine production
as possible binding agent in DGT technique. High content of organic
matter makes wine-processing waste material an excellent sorbent
for removing metal ions from aquatic system because of high content
of functional groups (such as carboxylic or phenolic compounds) pre-
sent in the cell wall of the material. These compounds provide attrac-
tions forces to the metal causes their high-efficiency removal. First
step of experimental part was preparation of material and its incor-
poration into agarose hydrogel to prepare binding layer. Wine waste
and agarose-waste gel disks were characterized by Scanning Electron
Microscopy, Energy Dispersive X-ray Spectrometry and IR spectrosco-
py. In order to study the binding kinetic and uptake efficiency of metal
ions, the agarose-waste gel disks were deployed in 50 ml of a 1 mg.I”
of mixed metal solution (0.05M NaNO3 at pH 5,5+0,1) under constant
stirring for 48 hours in triplicate, whereas in different time intervals
subsamples were taken for ICP-OES analysis. To assess the elution
efficiency the agarose-waste disks were put into 50 ml of a 1 mg.I"
of metal solution under the same conditions. TM HNO; and 2M HCI
were used as elution agents. This study has shown good selectivity of
wine waste incorporated in agarose hydrogel for Al, Cr, Cu, Fe and Pb
determination from aqueous solutions in laboratory deployment, so
next experiments with bioadsorbents will be performed.
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Together with maize and rice, wheat accounts for about 90 % of the
world’s cereal production. Besides other valuable compounds such
as wheat germ and endosperm parts, wheat bran remains a major by-
-product during the milling process [1]. Wheat processing mills can
produce up to 50 tons of bran per day. This waste material is suitable
for further processing, as it still contains a significant proportion of
phenolic compounds, especially ferulic acid. Ferulic acid is contained
in bran in the form of feruloylated oligosaccharides [2].

The aim of this work was to develop a method for the isolation
of ferulic acid from wheat bran. The research was divided into
several segments. The first part of this work was focused on the
pre-treatment of wheat bran. Wheat bran was subjected to protein
removal to increase the purity of the final product.

The next step in the process was to obtain the wheat bran hydroly-
sate to release ferulic acid into the solution. This step was realized
by alkaline hydrolysis. This process was modified from the process
described by Buranov [3]. Hydrolysis of bran was performed by 0,5
M NaOH in stirred, heated reactor with reaction time 4 hours at
50 °C with mixing at 180 rpm. After reaction, the solution was adj-
usted by the addition of 3M HCI to pH 3. A solid part of the mixture
was separated by centrifugation.
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Supernatant after hydrolysis was subjected to isolation of ferulic
acid by adsorption on amberlite XAD-16. The ratio of adsorbent to
supernatant was 1 g to 150 ml. Adsorption was performed at pH
3 for 50 minutes with continuous stirring. Supernatant and adsor-
bent were further separated by 0,1 mm sieve. The adsorbent was
rinsed by a solution of HCI with pH 3.

Desorption of ferulic was the final step. It was made by mixing
the adsorbent with 96% ethanol. Desorption was performed at
laboratory temperature for 60 minutes with continued stirring at
150 rpm.

Analysis of isolate was carried out by reversed phase HPLC on
Shimadzu SCL-10 A with Kinetex 2.6 um; C18; 100 x 4.60 mm co-
lumn with 10 % acetonitrile and 90 % acetic acid (1% v/v) mobile
phase.

Based on the analyses, the efficiency of the whole process was
evaluated. The amount of ferulic acid in the final isolate solution
was 676 + 57 mg/l. This is equal to yield 1,38 + 0,27 g/kg ferulic
acid from deproteinate wheat bran. The isolate does not contain
only ferulic acid and solvent. The isolate can contain a variety of
substances such as polysaccharides, proteins, salts or other phe-
nolic substances. The main contaminant was identified as proteins
(4,38 £1,16 g/l).
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Over the past decade, the society has brought attention to
microplastics. They are produced by various industries and spre-
ad across the environment. As they are no longer considered inert
(with no further effects on plants and other living organisms) many
researchers including us are constantly working to address this
situation. In this sense, bioplastics has been brought to a media
spotlight. They are presented as an ecological alternative to solve
generally plastic related problems, but what is often forgotten, their
main advantage might also be their bottleneck.

Majority of scientific articles, focusing on their presence in the en-
vironment are limited only on marine and fresh waters [1] and the-
refore their behaviour in air and soil remains rather unclear. For that
reason, a work mentioned in this contribution focuses on negative
effects associated with presence of microplastics (specifically po-
ly-(R)-3-hydroxybutyrate bioplastic) in soils as their common recep-
tor. We consider soil to be a recycling facility - carbon is circulated
to the atmosphere as carbon dioxide, nitrogen is made available
as ammonium and nitrate, and the rest of the associated elements
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appear in forms required by higher plants [2]. In this sense, during
microbial decomposition of carbon-rich compounds, only part of
the carbon is released, and the rest remains in the form of soil or-
ganic matter. This matter is available to all living organisms and
is being constantly reused. Addition of any substrate (in our case
a bioplastic) to such an environment will cause an imbalance in
this system, which can seriously endanger soil quality and thus
plants and living organisms. Therefore, it is essential to focus on
their transport and transformation in the environment.

To investigate physico-chemical changes in soil induced by the
presence of bioplastic, we combined respirometry, elemental ana-
lysis, thermogravimetry and enzymatic assays. Our results sugges-
ted a negative effect on soil organic matter and water retention in
soil. A phenomenon called ,priming effect” [3] was widely investi-
gated as acceleration as well as retardation of soil organic matter
decomposition took place. We registered different influence of se-
lected concentrations of biopolymer on the soil system as well as
an influence of soil properties on the course of degradation. Finally,
increased enzymatic activities clearly suggested impact of biopo-
lymer presence on the microbial community. Such findings let us
conclude, that biopolymer addition leads to long-term impact on
a range of soil ecosystem services.
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Urban forests are an important component of urban ecosystems,
given many beneficial services they provide. The quality of the ser-
vices, however, can be adversely affected by a soil contamination
with potentially toxic elements. Despite the high research interest
in the contamination of urban soils, the contamination of forest
soils in cities remains on a fringe of a scientific interest. The aim
of this study was to assess the contamination of urban forest top-
soil (0-10 cm) with potentially toxic elements in Brno City, Czech
Republic. A total of 50 soil samples were taken and analysed using
the triple quadrupole inductively coupled plasma mass spectrome-
ter (ICP-MS/MS) after a decomposition in aqua regia. Results were
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compared with limits from the Czech Decree No. 153/2016 Coll. on
agricultural soil quality. The median values for As, Cd, Cr, Cu, Ni, Pb
and Zn were 7.98, 0.22, 30.1, 15.2, 12.3, 25.4 and 62.7 mg/kg, re-
spectively. The limits were exceeded for Cd, Cu, Ni, Pb and Znin 8,
6, 4,2 and 16% of cases, respectively. The limits for As and Cr were
not exceeded. The results suggested that the contamination of for-
est soils in Brno is predominantly low. However, the contamination
found can potentially adversely affect quality of forest products,
such as mushrooms, and local forest ecosystem services.
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Beer is a complex chemical matrix that consists of over 450 con-
stituents [1]. Besides polysaccharides, proteins, lipids and organic
acids beer also contains nutritionally important substances such
as vitamins, phenolic compounds and elements [2]. Phenolic com-
pounds affect the formation of beer haze, redox state, colour, flavour,
foam stability and stability of the beer during aging [3]. Mineral con-
tent is significantly connected to sensory properties of beer, enzy-
matic activity during mashing and regulate processes during boiling,
cooling and fermentation of wort [4]. B vitamins are water-soluble
substances used by yeasts in many biochemical pathways as co-
factors. Post-fermentation treatments (e.g. pasteurization, filtration)
are important in brewing to achieve stability and durability of the fi-
nal product and form desired organoleptic properties. However, the-
se procedures may influence the chemical composition of beer [5].
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In this study, a total of 28 samples of beer were analysed. They
were divided into three groups according to their post-fermentation
treatments — NPNF (non-pasteurized, non-filtered), NPF (non-
-pasteurized, filtered) and PF (pasteurized, filtered). The content of
catechin, gallic acid, vanillic acid, coumaric acid, ferulic acid and
B group vitamins (B2, B3, B6, B9 and B12) were determined using
HPLC-DAD. Elemental analysis of beer was performed by ICP-OES.
This research indicates that post-fermentation treatments affect
the chemical composition of beer and its nutritional value. Paste-
urization and filtration caused a decrease of phenolic compounds
content. Filtration influenced concentration of riboflavin and nia-
cin. Another statistically significant differences were identified in
the content of elements, specifically Fe, K, Si and Mg.
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Proteins are one of the most important group of nutrients, they
should contribute to about 10-35 % of the human diet. However, in
modern lifestyles, people don't have enough time to intake a suffi-
cient amount of proteins. Fortification of food by proteins is a so-
lution to protein deficiency in the diet. The food can be fortified
by animal or plant proteins, which differ in nutrition properties, but
also in price. Plant sources of proteins are cheaper and, therefore,
more available also for the ordinary people. Wheat bran is one of
the significant plant source of proteins. It is a secondary product
of wheat utilization and contains approximately 16 % of proteins.
About 50 % of the wheat bran proteins are not digestible, as they
are part of complicated polysaccharide structures.

Experiments were focused on the development of the protein iso-
lation method. The digestible protein fraction was successfully
isolated from wheat bran by pH-shift method. After an alkaline ex-
traction and centrifugation of raw wheat bran, proteins were relea-
sed to the supernatant. These proteins were then precipitated by
adjustment to pH 4. The yield of the isolation process was about
8 % with 90% protein content. Dehydration of the product was per-
formed by lyophilization.
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Isolated protein material was subjected to chemical characteriza-
tion. After lyophilization, the isolated material contained about 8 %
of water. Based on the amino acid analysis, it was found, that the
most abundant amino acid is arginine, which is important to e.g.
for muscles growth and regeneration. Minor components of the
isolated material are ferulic acid, which is a very good antioxidant,
and glucose, whose content was up to 0,5 %. One of the important
characteristics of this material is its mineral content. ICP-OES ana-
lysis of the isolated material has shown that it contains only 337
3 mg/kg phosphorus. According to the phosphorus/protein ratio,
this material seems to be suitable for the nutrition of people with
kidney diseases.

Acknowledgement

The presented work was financially supported by project FCH-
-S5-21-7483 (The Ministry of Education, Youth and Sports of the
Czech Republic).

80



STUDENTSKA KONFERENCE: CHEMIE JE ZIVOT

3D Scaffolds Based on Bacterial
Cellulose

Radim Stfiz", Nicole Cernekova', Jifi Smilek?,
Falk Liebner?, Patrycja Bober?,
Adriana Kovalcik’

1 Brno University of Technology, Faculty of Chemistry, Institute of
Food Chemistry and Biotechnology

Purkynova 118, 612 00 Brno, Czech Republic
Radim.Striz@vut.cz

2 Brno University of Technology, Faculty of Chemistry, Institute of
Physical and Applied Chemistry

3 University of Natural Resources and Life Sciences, Vienna, Div
Chem Renewable Resources

4 Institute of Macromolecular Chemistry, Department of
Conductive Polymers, Czech Academy of Sciences

Bacterial cellulose is an extracellular polysaccharide formed as
a protective envelope around certain types of bacterial cells. The
application of bacterial cellulose has been explored in many are-
as, such as the food industry, medicine, biotechnology, cosmetics,
electronics, and textile industry. Several cultivation methods have
been investigated to enhance bacterial cellulose production and
decrease its cultivation costs [1].

This work involves optimizing bacterial cellulose by modifying the
production medium and subsequently preparing 3D samples of
bacterial cellulose to increase its mechanical stability.
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It has been found that an increase in bacterial cellulose production
can be achieved by modifying the surface of the gas-liquid interfa-
ce, such as by aeration, the addition of acetate buffer, or oil. Active
aeration increased bacterial cellulose production by 235%. Next,
the effect of using fed-batch cultivation compared to static batch
cultivation was also verified.

In this work, several cultivation strategies have been employed to
produce stable mechanical 3D bacterial cellulose scaffolds in-situ
during the cultivation of Komagateibacter xylinus. The most effec-
tive methodologies enabling bacterial cellulose production in the
form of cylinders with a height of up to 2 cm were: 1) the static
cultivation of K. xylinus inside the stable foam [2] or 2) cultivation
in Hestrin-Scharmm medium with the addition of polyvinyl alcohol.
The morphological investigations have shown that the bacterial
cellulose’s porosity varies significantly depending on the applied
cultivation methodology.

It can be concluded that porosity is an important parameter that
affects the absorption of water and the viscoelastic properties of
bacterial cellulose scaffolds. The advantage of scaffolds with vari-
able porosity based on bacterial cellulose is their non-toxicity, bio-
compatibility and the possibility of gradual release of the bioactive
substance or drug.
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Abstract

The chemical laboratories of the Fire Rescue Service of the Czech Republic (hereinafter referred to
as CHL FRS) encounter the issue of determining hazardous metals in wastewater or surface water
several times a year. The determination of hazardous metals such as arsenic, copper, lead, zinc,
chromium, nickel or cadmium can be problematic, since not all CHL FRS have available
instrumentation infrastructure such as ICP-OES or ICP-MS, for determination of trace amounts of
heavy metals in samples. However, all CHL FRS have a mobile energy-dispersive X-ray fluorescence
analyzer Delta X (hereinafter ED-XRF). The detection limits of ED-XRF for above-mentioned elements
are at a concentration level of 10 mg/I. The limits for selected elements in the surface water and
wastewater are specified in Government Regulation No. 401/2015 Coll. from tenths to several mg/I If
CHL FRS are to achieve these values by ED-XRF, it is necessary to use an effective preconcentration
technique.

Keywords
Cd, As, Zn, Cu, Ni, Cr, Pb, ED-XRF, preconcentration, wastewater.
Introduction

This study deals with the development and optimization of preconcentration technique, which
uses agar as a preconcentration medium. It was found that using this technique, a preconcentration
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factor of around 400 could be achieved, depending on the analyte of interest. Thanks to this finding,
it is possible to determine the concentrations of some hazardous metals at approximately 30 pg/|
using the devices of CHL HZS. However, in practical verification, this concentration is around 100 pg/!
for selected elements for an optimized workflow and method set in the ED-XRF instrument.

Materials and Methods

The Delta Profesional X mobile device was equipped with a 4 W Rhodium X-ray. Thanks to its good
geometry, no vacuum is required inside the device. The device was equipped with an SDD detector
(Silicon Drift Detector) equipped with an integrated full VGA camera and the possibility of narrowing
the X-ray beam from 9 mm to 3 mm [1, 2].

Chemicals

Agar (Dorapis, Prague, Czech Republic), nitric acid (Penta, Chrudim, Czech Republic), distilled
water, ICP multi standard solution IV (Supelco, Darmstadt, Germany) with a concentration of 1000
mg/l in 6,5% HNO,;, ICP multi standard solution VIII (Supelco, Darmstadt, Germany) with a
concentration of 100 mg/l in 6% HNO;, certified reference material (ASTASOL®, Prague, Czech
Republic) with a concentration of 1000 mg/l in 2% HNO; for metals: cadmium, arsenic, zinc, copper,
nickel, chromium and lead.

Optimized workflow

The method was inspired by a study of Kazuhiko Nakano and his team, who analyzed
preconcentrated heavy metals in agar utilizing a Rigaku laboratory wave X-ray fluorescence
instrument [3]. Their method used a basic pH range. On the contrary, our optimized method achieves
very nice results in the acidic pH range of the analyzed solution, pH must be adjusted before analysis
(see Figure 1). The sample is then mixed with 70 mg of agar in a double-sided open XRF cuvette.
Further, the cuvette is heated on a hot plate at 90 ° C for 30 minutes. The cuvette containing gel was
cooled freely to room temperature and then placed in an oven at 90 ° C for 2.5 hours. The gel is then
ground for better homogenization of the sample. The measurement takes place directly in a double-
sided open XRF cuvette by the ED-XRF Delta X instrument.

Figure 1: effect of pH on preconcentration factor.

Instrument setup

The ED-XRF Delta X settings were optimized for the most accurate identification of the monitored
analytes. Thanks to the adjustment of measuring times and user calibration of the device, the
detection limits and reproducibility of the obtained data were improved.

Figure 2: calibration for Cu.
Determination of preconcentration factors

Working solutions of 50 mg/l and 100 mg/| were prepared for chromium, nickel, copper, zinc,
arsenic, cadmium and lead. These solutions were processed according to the above-stated optimized
procedure and measured on a Delta X instrument. For each concentration and element, 5 samples
were prepared, which were measured in three technical replicates. Preconcentration factors for the
monitored heavy metals are listed in Table 1.
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Table 1: Preconcentration factors for the monitored heavy metals.

Cr Ni Cu Zn As [o:] Pb
50 mg/| 317+5 444+7 3976 3267 2438 110%5 90+5
100 mg/| 315+4 445+6 395+5 3304 249+7 105%5 94 +4

Limits of determination of metals

From the determined limits of detection of analytes on the Delta X instrument, it is possible to
determine the limit of quantification (hereinafter LD) of these heavy metals, which can be
determined by this method of preconcentration, based on previously measured preconcentration
factors. To verify these values, solutions with concentrations of 10 pg/l, 50 pg/l, 100 ug/l, 200 pg/!
and 500 pg/l were prepared according to the above-mentioned procedure. It has been found that
chromium, nickel, copper, zinc and arsenic can be well determined from a concentration of 100 pg/I.
In the case of lead and cadmium, it was at a concentration of 200 pg/I. Table 2 shows the comparison
of the limit of quantification and the verification of the limit of quantification to the standard.

Table 2: comparison of the limit of quantification and the verification of the limit of quantification to the
standard

Cr Ni Cu Zn As Cd Pb
theoretical LD [pg/I] 31,6 22,5 25,3 30,5 40,7 93,0 108,7
real LD [pg/l] 100 100 100 100 100 200 200

Results and Discussion

Figure 1 shows that this method is applicable in the whole pH range, but does not always reach
the maximum possible preconcentration factor. The best values of the preconcentration factor for all
monitored metals were found in the acidic pH. The identified preconcentration factors helped to
determine the theoretical limit of quantification. These theoretical values were validated as shown in
Table 2. The advantage of this preconcentration method is that there is no loss of analytes due to
pouring, since the entire preconcentration takes place in a bilaterally open XRF cuvette. Another
advantage of this method is low cost of analysis.

Conclusions

Our results show that an optimized work procedure could be sufficient for the needs of the Fire
Rescue Service of the Czech Republic. Without the use of preconcentration procedures, chemical
laboratory units are not able to use Delta X to analyze low concentrations of metals such as
chromium, nickel, copper, zinc, arsenic, cadmium and lead. The detection limits of the
preconcentration procedure using agar easily reach the limits that need to be determined according
to Government Decree No. 401/2015 Coll. as amended on the values of permissible surface water
and wastewater pollution.
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The world population is constantly growing thus the demands for
food crops are increasing. [1] This puts enormous pressure on
food systems. One of the solutions how to supply the population
with enough nutrients and especially proteins is the production of
edible insects. In comparison with the common livestock, insects
grow faster and the conversion of the feed is fairly higher. Moreo-
ver, edible insects farming produces less greenhouse gas, leaves
a smaller environmental footprint, and demands on water and
space are also lower. [2] These advantages make edible insects
a possible challenging sustainable alternative to traditional animal
protein sources and make it a possible future common ingredient
of food and feed. This potential usage of insects makes this com-
modity a growing concept and draws the attention of researchers
who mainly focus on the impact of rearing conditions such as tem-
perature on biomass gain, feed conversion, and nutritional proper-
ties. [3,4] However, there is still a lack of information on the effect
of the feed composition on the content of bioactive substances,
both desirable and undesirable, which affect the resulting safety
and quality of edible insects.

This study we focused on the evaluation of the impact of rapeseed
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meal added to feed on the composition and quality of the Jamai-
can field cricket (Gryllus assimillis) biomass. For this purpose,
metabolomic analysis using ultra-performance liquid chromato-
graphy with high-resolution tandem mass spectrometric detection
(U-HPLC-HRMS/MS) was chosen as a suitable approach. Using
the subsequent multivariate statistical analysis, it was possible to
distinguish the tested groups of the Jamaican field crickets accor-
ding to the composition of the feed. In addition to that, thiamine
and sinapine were evaluated as possible markers of the presen-
ce of rapeseed meal in the feed fed to the crickets. In addition to
that, screening of goitrin in tested samples was carried out. This
antinutrient of the rapeseed meal was not detected in any of the
analyzed samples.
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This contribution is focused on utilization of a sequential chemical
fractionation method for determination of organic matter content,
its distribution in biochar and the possible use of biochar as a soil
conditioner in agriculture. For these purposes the optimized che-
mical fractionation procedure was used to reveal the content of
organic matter in different biochar samples with different proper-
ties (samples with European biochar certification for usage in agri-
culture) which depend significantly on the temperature used during
a pyrolysis of biomass residues in the process of biochar produ-
ction. In parallel, these samples were also fractionated by classic
alkaline extraction to obtain the so-called extractable fraction of
organic matter (NOM).

Biochar is one of the important soil conditioners, known for having
positive effect on crop yield, soil quality, nutrient cycle and carbon
sequestration due to the transfer of organic carbon from it to the
soil. However, the effect depends on the properties of the biochar,
its doses to the soil, but also on the properties of the soil itself.
Surprisingly, some authors point to the fact that biochar does not
always have a positive effect on soil, plants or microfauna. There-
fore, it is necessary to perform its depth characterization to be able
to predicts its role in soil and its optimal application dose [1].
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Individual fractions obtained from sequential chemical fractiona-
tion as well as NOM samples were characterized by methods of
elemental analysis (determination of organic elements content),
thermogravimetry (contents of ash, organic matter and moisture).
The results showed that the method of sequential chemical fractio-
nation gives higher yields of organic matter compared to classical
alkaline extraction. Moreover, the obtained fractions divided ac-
cording to solubility and strength of binding to residual inorganic
matter of biochar can be better characterized by physical-chemical
methods, which provides more detailed information about organic
matter in biochar and its possible effect on soil properties [2,3].
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Water treatment and pollutant degradation became aim of rese-
arch these days and photocatalytic reactions provides promising
results for this application. Most common catalyst for these appli-
cations is titanium dioxide. This compound has bandgap varied
about 3,2 eV [1] which corresponds to UV light wavelength.

As alternative tungsten trioxide can be used. In comparison with
titanium dioxide, bandgap is lower, 2.6 eV [2] which correspond to
visible light (=466 nm).

Suspension of Tungsten Oxide was prepared using powder of
tungsten oxide and alcohol solution of acetylperoxotungstic acid
(APTA). APTA was used as functional binder ,mortar” for depositi-
on on glass substrate or FTO glass plates. Nanoparticles of tung-
sten oxide served as ,brick".

Acetylperoxotungstic acid was synthetized by dissolving tungsten
powder in 30% hydrogen peroxide solution to form solution of pero-
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xotungstic acid. The solution was filtered and added to glacial ace-
tic acid. Final mixture was refluxed and vacuum dried. Yellowish
flake powder of acetylperoxotungstic acid was formed. [3]
Prepared precursor suspension was ink-jet printed on Na-Ca glass
and FTO glass plates in 1-5 layers. Samples were calcined in va-
rious temperature 200 — 500 °C.

Profilometry measurement showed mostly linear increase of layer
thickness depends on number of deposition layers varied between
250 - 900 nm thickness.

Dependence of thickness, resp. photocurrent generation on cal-
cination temperature was measured using profilometry resp.
chopped linear voltammetry method. Thickness of samples was
not dependent on calcination temperature. Photocurrent increased
slightly with higher temperature until 400 °C and then started to
drop at temperature over 400 °C.

During voltammetry was observed change of color of sam-
ples between voltage of 0,25 - 0,75V. Voltammetry data co-
rresponds with that occurrence with wide curve in that re-
gion. In this region layer was reduced and change of color
occurred. With increasing voltage over 0,8 V layer undergoes
re-oxidation and starts to react to chopped irradiance of light and
generate photocurrent. Maximum of generated photocurrent of
1 cm? sample (300 pA) was observed between 1,5 - 2 V.
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Modern optoelectronic devices (solar cells, photodetectors, LED)
are highly dependent on silicon manufacturing processes, which
include significant energy consumption (up to 1000 kWh/kg-Si)
and several toxic, flammable and explosive chemicals (e.g. lead,
brominated flame retardants, cadmium and chromium) [1].

Most of energy required for pure silicon production is generated
from coal-fired plants in China. Environmental effects of such pro-
duction are still unknown. Therefore, researchers switch focus
from silicon-based optoelectronic towards more environmentally
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friendly and cheaper materials, one of which comes in form of
organic-inorganic hybrid perovskites (OIHP). OIHP are solution-
-processable materials with intriguing optoelectronic proper-
ties: tunable bandgaps, large optical absorption coefficient, high
electron and hole mobility, long carrier diffusion length and lifeti-
me, low exciton binding energy [2].

These properties enable them to become the heart of various op-
toelectronic devices such as solar cells, photodetectors and light-
-emitting diodes. Low energetic demands of perovskite production
and wide spectrum of possible applications put them on the hot-
spot of ever-evolving field of semiconductor physics. Perovskite
solar cells are the best example of progress in this field. Their effi-
ciency has been enhanced to over 25.6 % in just a decade, which
has surpassed polycrystalline silicon solar cells and is comparable
to the monocrystalline silicon solar cells [3].

Perovskites are studied in various dimensions: quantum dots (0D)
as promising light emitting material, polycrystalline thin films (2D)
as an active layer of perovskite solar cells, and single crystals (3D)
as an active layer in both solar cells and photodetectors [4].
Previous studies point out that monocrystalline perovskites show
better intrinsic properties than its polycrystalline counterpart.
In particular, voids and defect present in polycrystalline mate-
rials lead to fast degradation and loss of their optoelectronic
properties. In comparison, the monocrystalline perovskites (sin-
gle crystals) have less defects and are therefore characterized
with higher electron and hole mobility, longer carrier diffusion
length, higher stability toward ambient erosion, high temperatu-
re and moisture [5]. Even though very promising materials, their
commercialization is still hindered by the two major obstacles:
poor stability compared to silicon semiconductors and presen-
ce of lead in their structure. Theoretical part of our work deals
with the properties and frequently used synthetic routes of MA-
PbX;-based perovskite single crystals (X= Cl, Br or 1). Possible
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future applications and problems which might slow down their
commercialization are also discussed. Experimental part of our
work describes MAPbBr; synthesis via inverse temperature cry-
stallization (ITC) method, structural and optical properties of as-
-prepared single crystals and electrical characterization of Au/
MAPDbBr3/Au light-sensitive assembly. Its parameters (respon-
sivity, external quantum efficiency and specific detectivity) are
calculated based on the spectral and switching (on/off) current
responses. The material is further discussed as possible active
component for photovoltaic panels and photodetectors.
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Alkali-activated systems (AAS) represent a low-carbon inorganic
binder as an alternative to Ordinary Portland cement. The main
benefits of AAS are the lower carbon foot-print and economic
demands along with the superior durability in aggressive envi-
ronments contrary to the OPC. The techniques like the determi-
nation of compressive and flexural strength are usually used for
characterization of degradation processes since their realization is
accompanied by the deterioration of these properties. The phenol-
phthalein technique or advanced instrumental techniques (SEM,
XRD) can be used as well. This paper study the possibility of utili-
zation of the mercury Intrusion porosimetry (MIP) to characterize
the degradation of alkali-activated blast furnace slag. The degra-
dation processes are dependent on the porosity or permeability of
the material, as the penetration of the aggressive media into the
internal structure is a key for the reaction to take place. The MIP
is a suitable method for the characterization of material porosity,
thus it can indicate which material will be more susceptible to de-
gradation than the others. Moreover, it can characterize the chan-
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ges taking place since the reactions like the decalcification are
associated by the increase of the total porosity. Various alkaline
activators (sodium water glass, sodium hydroxide, sodium carbo-
nate) were used for alkali-activation of blast furnace slag in the
same activator dosage (6 % Na,0 by the slag weight). A binder ba-
sed on common cement (CEM Ill) was also prepared for comparis-
on. Water to binder ratio was kept the same (w/b = 0.45). After the
initial 28 days of hydration in water the testing samples (mortars
with 3 : 1 sand : binder ratio) were immersed in various aggressive
environments (CH;COOH, MgS0,, Na,S0,, NaCl, NH,NO; and wa-
ter for 84 days). Then the changes in porosity were characterized
with the dependence on the time of degradation. It was found out
that immersion in solutions of acetic acid (pH = 3) and ammonium
nitrate (6M) had the most significant effect to both total porosity
and the pore size distribution. Immersion in other environments did
not cause any relevant changes.
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The processes of cooling gasses by shell and tube heat exchan-
gers for subsequent application in processes of removal of gase-
ous air contaminants via liquid absorber is the major topic of this
work. The aim of the work is to verify both the theoretical computa-
tional relations and the theoretical convenience of silicon carbide
as a better heat transfer surface material compared with traditio-
nal borosilicate glass material characterized by two orders of mag-
nitude worse thermal conductivity. The theoretical computational
model using the j factor, the correction factors for the baffles, and
the correction for air humidity condensation have been used.

Heat transfer on semi-operating shell and tube heat exchangers
with glass or carbide heat exchange surface and baffles is exami-
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ned by cooling the air by 50% propylene glycol in tubes having an
inlet temperature just above 0 °C. Unfortunately, the coolant inlet
temperature cannot be precisely regulated. Coolant flow can be re-
gulated in many steps (max 24 mé3/h), but only laminar flow rates
are available. Three-way flow of coolant is used. Air flow can be
regulated by frequency changer (max 280 kg/h). Air could be hea-
ted up to 90 °C and the humidity of air could be increased by water
stream with intensity up to 2,7 kg/h.

In previous experiments, local air heat transfer coefficient was low
due to low ventilator power, the potential of the exchanger was not
used also because of low temperature, and low humidity. Contrary
to the assumption, new experiments with higher inlet air tempera-
ture resulted in a higher value of the heat transfer coefficient. The
outlet temperature was only slightly higher than when measured
without heater. The increase in humidity has a barely measurable
effect on the heat transfer from the dry air. The effect of coolant
flow on transferred heat is almost negligible. The efficiency of ex-
changers is very high (91-94 % with carbide and 88-89 % with
glass), at higher temperatures even higher (up to 98 % with carbide
and 96 % with glass).

Experiments with higher local air heat transfer coefficient are pla-
nned. More powerful ventilator will be installed, and the air flow will
increase as well as heat transfer coefficient. Although devices in-
creasing the enthalpy of currents have been installed, the potential
of the exchangers was still far from being exploited. So, the tem-
perature will be measured directly in the exchanger and the heat
exchange in the beginning of the exchanger will be verified. Then,
cooling of air will be situated in front of the separation of gaseous
impurities from gas into liquid using a scrubber, more effective at
lower temperatures. Separation of some pollutants could also take
place by condensation in the exchanger at very low temperatures,
or high pressures.
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Rain settlement tanks which collect and capture rainwater from speci-
fied drainage section of a highway D1 (Czech Republic) and in case of
an accident with a substance leak, serve to capture the relevant unwan-
ted liquid. In the case of precipitation, the water flows out of it after
settling by an overflow into the adjacent water recipient such as river,
stream or lake.

Intensive automobile traffic in Czech Republic is the reason for the re-
lease platinum and palladium to the environment. These metals form
active layer in the automobile catalysts but there is significant leakage
into the surrounding atmosphere during their use. Were analyzed water
and sludge from rain settlement tanks and soil matrix which is near
to rain settlement tanks. In view of the simpler diagnostics and more
precise determination of the content of platinum and palladium, it is
shown that the soil matrix and sludge are more suitable for studies of
metal contents. In the case of the water samples, the sensitivity of the

104



STUDENTSKA KONFERENCE: CHEMIE JE ZIVOT

determination was lower [1].

As a sampling point were chosen based on provided coordinates from
organization Transport research centrum in the Brno. Sampling points
are placed nearby the dam Svihov lake with distance between points
less than 10 km.

Platinum and palladium are moving to the environment due to using
autocatalysts in cars. Platinum metals are immobilized on the surface
of the catalyst, where they are exposed to changing chemical, physical,
and redox conditions that result in wear of the catalysts. [2] This wear
leads to a gradual release into the environment during car operation.
The obtained results show that the highest accumulation of platinum,
palladium and heavy metals occurs in the soil and sediments of the
monitoring tanks. [3]
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A Macro defect free (MDF) composites are materials consisting
of inorganic cement and organic polymer. These materials have
extreme mechanical properties that far outperform other cemen-
titious materials and can compete with both ceramic and metal
materials. Their mechanical properties are given by the minimiza-
tion of pores and macro defects in the material and at the same
time by mechanical-chemical interactions between cement and
polymer. However, it is the presence of the polymer phase that re-
duce the moisture resistance of MDF composites. The water mole-
cules travel along the structure of the polymer chain to the internal
structure of the MDF composite, where the polymer swells and the
cement hydrates additionally. This creates internal stresses, sec-
ondary defects and loss of mechanical properties. This work aims
to increase the resistance of MDF composites to moisture. This
can be achieved by increasing the density of the polymer phase
by crosslinking the polymer. Maleic anhydride was selected as the
crosslinking agent and grafted onto the polyvinyl alcohol polymer
chain (GOHSENOL KH-17) in various batches. The amount of graft-
ed maleic anhydride was determined by UV-VIS spectrometry. The
measured values were further verified by FTIR spectroscopy and
XPS analysis, which confirmed the increasing amount of maleic
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anhydride in the polymer chain. The resistance of the prepared
samples to moisture was analysed using rheology. When the pol-
ymeric films were prepared and left under the action of water for
24 hours. Subsequently, the viscosity of the aqueous medium was
measured. The highest resistance to moisture was observed in the
sample with the highest degree of grafted maleic anhydride. To
determine the mechanical properties, test specimens containing
aluminous cement, modified polyvinyl alcohol, water and glycer-
ol were prepared by twin-roll mixer. Flexural tensile strength was
measured after 7 days. Samples were stored in a dry environment,
at 100% humidity and under water. Here, as expected, the highest
strength was found for samples stored in a dry environment. The
highest strengths (65 MPa) were achieved by test specimens pre-
pared from polyvinyl alcohol grafted with 20% maleic anhydride.
When stored in 100% humidity, the strengths decreased by a quar-
ter and when stored in water decreased by almost two third.
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Ester bound 2- and 3-chloropropanediol (2- and 3-MCPD) with fatty
acids represent one of the most important groups of processing
contaminants, contained primarily in refined oils, fats and products
thereof. In recent years, considerable efforts have been made to
understand the mechanisms of their formation including identifi-
cation of their precursors [1,2].

The International Agency for Research on Cancer (IARC) classifies
free 3-MCPD as a potential human carcinogen (Group 2 B). Althou-
gh most of the 3-MCPD present in foods occurs in ester (approxi-
mately 85% diester and 15% monoester) bound forms, free 3-MCPD
has been shown to be effectively released in vivo by the activity of
lipolytic enzymes in the gastrointestinal tract. On this basis, in 2016
the  European Food Safety  Authority (EFSA) es-
tablished a tolerable daily intake of 2 pg/kg body weight
for 3-MCPD and its fatty acid esters, expressed as 3-MCPD equiva-
lent, and in 2020 new maximum levels for 3-MCPD and its esters in
oil and fats have been established. The required toxicological data

108



STUDENTSKA KONFERENCE: CHEMIE JE ZIVOT

for the risk assessment of 2-MCPD are not yet available [1-3].
Acritical factor for MCPD formationis a chlorine source. Previous
studies have shown that, besides inorganic chlorine compounds,
organochlorine compounds (present in crude oils and fats mostly
as exogenous contaminants), which might decompose under
elevated temperatures. However, their structure, origin and po-
tential contribution to MCPD formation is not yet fully under-
stood [3-5].

The aim of this study was therefore to evaluate the potential of
one group of lipophilic environmental contaminants - chlorina-
ted paraffins (CPs) - to contribute to this process. These com-
pounds were shown to be possible contaminants in crude oils
and fats [6,7] and, therefore, potentially acting as chlorine donors
for MCPD formation during oil refining process. For this purpose,
laboratory scale model systems representing crude vegetable oil
contaminated with CPs were designed and subjected to heat tre-
atment to simulate the deodorization process. Varying degrees
of MCPD formation and CPs decomposition were observed in cru-
de palm oil samples. Nevertheless, these results could not yet be
replicated in triolein systems and this topic requires further investi-
gation as it uncovers more complex issues with each step.
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The enormous research attention given to hybrid organic-inorganic
perovskite materials, a result of the unprecedented increase in pe-
rovskite based solar cell efficiency, helped to uncover their additi-
onal properties such as luminescence. These properties together
with the presence of heavy Pb atoms makes hybrid perovskites an
interesting candidate materials for radiation detectors. Neverthe-
less, the research also uncovered some crucial limitations like the
susceptibility to external influences (moisture, UV radiation). The
conducted studies usually ascribed this to the organic cation in the
perovskite structure [1]. This discovery led to an intensive search
for inorganic cations which could be used instead of the organic
one, for example cesium cation Cs*. Cesium lead halide perovski-
tes show excellent luminescent properties [2,3] and are interesting
candidates for use as scintillators for high-energy radiation detec-
tion. Cs perovskites in form of nanocrystal were reported as scin-
tillators for X-ray detection with results comparable or better than
the currently commercially used materials [4].
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In our work we study Cs perovskites as possible materials for scin-
tillators for detection of electrons (i.e. in electron microscopy).
The preparation of nanocrystals by straightforward reprecipitation
method is shown as well as characterization of resulting nanocry-
stals and prepared thin films.
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This contribution describes dependency of nanoparticles diffusion in
the agarose hydrogel on the hydrogel concentration. The description of
Brownian motion, in this case diffusion coefficient, can be measured by
many techniques. Main disadvantage is the need to have a large amount
of sample. For fluorescence correlation spectroscopy (FCS) techniques,
it is necessary to have only few microliters of nanomolar concentration
of the sample, also the confocal volume allows measurement of pretty
small amount of the sample.

Unlike the single-FCS method, calibration is not required in dualfocus
each time the temperature changes. Based on the optimization of the
method and previous measurements, a suitable procedure for measu-
ring the agarose samples was chosen. All data obtained from dual-focus
FCS were compared with data measured using single-focus FCS. It was
found, nanoparticles in water had very similar diffusion coefficient value.
Significant differences were have been seen even at the lowest hydrogel
concentration. Some of the autocorrelation curves had different shape
compared with autocorrelation curves obtain form single-focus FCS.
For this type of measurement was chosen fluorescent labeled silica na-
noparticles of suitable size for the selected hydrogel concentration.
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The organic electrochemical transistor (OECT) is currently, among
other things, a sought-after and researched device for its possible
application in the field of bioelectronic devices, energy-harvesting
technologies, sensing, etc. This transistor is based on the mixed
ionic/electronic conductivity of organic semiconductors. These
are referred to as supercapacitors. The development of such new
organic semiconductors has a key role in expanding the portfolio
of applications and especially in adapting their properties to the
requirements of individual applications.

The organic electrochemical transistor is based on the principle of
doping the entire volume of organic semiconductor with ions from
the electrolyte. The degree of this doping is expressed by the value
of transconductance, its equation is given by the channel parame-
ters (width W, thickness d, and length L), volumetric capacitance
C*, mobility of charge carriers p, and the magnitude of the applied
voltage (V- V+p), equation 1.

_ H-:rﬂ C’ ':...[.,- l[.:l' }
Am = T."—'! \¥Th — ¥G (1)

And it is the volumetric capacitance and mobility of charge carri-

14



STUDENTSKA KONFERENCE: CHEMIE JE ZIVOT

ers that are two key material parameters when comparing orga-
nic semiconductors from the perspective of electronic applica-
tions, and especially when designing these materials for use in
OECT-based sensors. The volumetric capacitance of an organic
semiconductor together with the mobility of charge carriers are
the only two parameters of transconductance that cannot be
influenced simply by changing geometric parameters or experi-
mental conditions and govern the transconductance. However,
the knowledge and ability to compare these values, especially the
volumetric capacitance values, of individual organic semicondu-
ctors among themselves provide one of the possible ways to in-
crease the overall sensitivity of OECT.

Although this is a figure-of-merit parameter, and there are a large
number of publications, direct experimental determination of volu-
metric capacitance and understanding of its origin is still insuffici-
ent and is based primarily on various assumptions and theoretical
models. This work deals with the possibility of studying the ion
exchange between PEDOT:PSS and its environment (electrolyte)
using two independent measurements (electrical detection using
OECT and fluorescence detection using an ion-selective fluores-
cence probe).

By combining these two methods we would like to contribute
to the understanding of the ionic exchange of organic semicon-
ductors and for the most used one, poly(3,4-ethylene dioxythio-
phene):poly(styrene sulphonate), determine the amount of ex-
changed ions, thus the volumetric capacitance. The OECT was
modified to enable fluorescence measurement, and the potassi-
um ions exchange could be electrically and optically detected. We
demonstrate that the fluorescence intensity decreases when the
applied gate voltage is increased which corresponds to the as-
sumptions (when is applied gate voltage potassium ions interact
within the layer of organic semiconductor and the amount of ions
in the electrolyte is decrease). This implies that the volumetric
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capacitance can be calculated using these two methods when
the one calibrate these methods.
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For those, who are working with it, thermal degradation of poly(-
3-hydroxybutyrate) (PHB) is a well-known phenomenon. What is not
very clear is how to overcome this. Upon heating to the temperatures
between 170 and 200 °C, which are the typical processing tempera-
tures for PHB, the degradation is manifested by the change in mole-
cular weight and viscosity of the system. Random scission is carried
out by cis-elimination mechanism, also called McLafferty rearran-
gement [1-3]. One of the formed sub-molecules has an unsaturated
crotonate end group and the other has carboxylate end group, which
is theoretically prone to chain extension reaction which should lead
to improvement of the thermal and mechanical performance of this
polymer [4].

In this work, four functional groups reactive towards carboxyl group
were studied: isocyanate, carbodiimide, hydroxyl and epoxy. Bifun-
ctional reagents: hexamethylene diisocyanate, carbodiimide Staba-
xol LF, diethylene glycol, and diglycidyl ether bisphenol A and trifun-
ctional reagents: poly(hexamethylene diisocyanate), glycerol and
trimethylol-propane triglycidyl ether were used. For the reactions,
PHB was firstly pre-degraded in a laboratory hot press to mimic the
degradation state obtained during processing. 5 wt% solution of
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PHB in chloroform was prepared and after adding the reagent, the
solution was kept under reflux for 6 hours. The reagent was added in
two amounts corresponding to 2-fold and 100-fold overdose.

The effect of reagent addition was studied indirectly via change in
the solution viscosity and directly by the change of molecular weight
and thermal properties of the polymer.

For almost all the samples with bifunctional additives the solution
viscosity was increased. The highest effect was observed in the case
of diethylene glycol (+13.3 % in the case of 100-fold overdose). In the
case of trifunctional additives, there was only slight rise for glycerol
and trimethylol-propane triglycidyl ether for 2-fold overdose.
Similarly, the influence on molecular weight measured by gel per-
meation chromatography was more apparent for bifunctional additi-
ves. All trifunctional additives, together with some of the bifunctional
successfully increased the number average molecular weight. The
increase in weight average molecular weight was observed mainly
in the case of 100-fold overdose of hexamethylene diisocyanate and
carbodiimide samples, suggesting their potential use for chain ex-
tension of PHB during processing.
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1. Introduction

The recent drought period from 2014 to 2018 in the Czech Republic have raised concerns
about serious consequences of climate change for water availability in this region [1]. Municipal
wastewater reuse among others could be a reliable and sustainable solution in cities and regions
facing negative effects of drought [2]. In 2019 more than 790 million cubic meters of wastewater
were treated, and then discharged into recipients across the Czech Republic [3]. On the other hand,
this treated wastewater could be potentially returned to the urban water cycle [4]. This could result
into diminished demand for freshwater resources, reduction of wastewater discharged
into the environment and potential improvement on surface and ground water quality [5].
It also encloses the full cycle of urban wastewater management from the source through
distribution, collection and treatment to its reuse which fully corresponds to the principles
of the circular economy [6].

Direct potable reuse (DPR) comes with higher public health risks than indirect potable reuse.
To reduce the risk associated with technology malfunction, a multiple barrier approach is needed [6].
The non-membrane multiple barrier approaches are not popular due to its complex maintenance and
high operating costs [7]. Therefore pressure-driven membrane technology has an important role
in wastewater reuse in several potable water reuse applications across the globe [8]. The dual
membrane processes (DMP) show many advantages, e.g. modular installation, lower operating costs
and high effectivity [9]. Placed after secondary stage of wastewater treatment plant (WWTP), DMP
could be robust, sufficient and cost-effective DPR technology [10]. Microfiltration (MF)
or ultrafiltration (UF) is commonly used in the first stage in DMP to remove suspended solids and
colloids from the secondary stage effluent [11]. Nanofiltration (NF) or reverse osmosis (RO) is
commonly used as a second stage to remove wide range of organic and inorganic contaminants
found in urban wastewaters [12]. However it also removes most of dissolved minerals in the water
which can have serious negative effects on human health [13], taste of produced water [14] and its
corrosivity [15].
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This sfuay éimed to evaluate the quality of produced water from UF/RO prototype unit within
the context of the Czech drinking water legislative as well as on the assessment of the prototype
technological design and usability in the Czech Republic.

2. Materials and Methods

2.1. UF/RO prototype unit

For the needs of this study, an already existing pilot-scale ultrafiltration and reverse osmosis
membrane unit developed by ASIO TECH l.t.d. (Brno, Czech Republic) was used. Membrane unit
consists of two ISO containers placed directly at the municipal wastewater treatment plant (WWTP).
A schematic diagram of UF/RO unit is shown in Figure 1.

In the first container, water from the WWTP effluent flows into 1 m?® tank. From there, treated
water is pumped through UF INGE XL-150 MB 40 (DuPont, USA) module with Multibore® 1.5 capillary
membrane (DuPont, USA). Ferric sulphate coagulant is inline dosed in 150 mL/h (68-70 mL/m?) rate.

Duration of dead-end filtration is 35 minutes, followed by 40 seconds of forward flushing and
50 seconds of backwash. After 40 cycles, chemical-enhanced backwash takes place. Inlet water flow
is 2.2 m3/h with transmembrane pressure difference 0,7/0,5 bar. Permeate flows into 1 m* collection
tank and concentrate flows directly into sewerage.

UF permeate is pumped to the second ISO container where the reverse osmosis membrane unit is
placed with UV pre-disinfection. Antiscalant Vitec 3000 (Avista technologies, UK) is inline dosed
in 5 g/m? rate into CSM® 4040-BLF low pressure RO module (Lenntech, NL) with four spiral-wound
polyamide thin-film composite membranes connected in series. Transmembrane pressure difference
is set to 5,5/4,5 bar. Input UF permeate flow is set to 1 m?/h, recirculation flow rate to 1.2 m3/h,
permeate flow rate to 0.5 m?/h and concentration flow rate to 0.25 m3/h. RO permeate is collected
in 1.5 m3 tank and concentrate flows into sewerage.

Figure 1 RO/UF prototype unit scheme (simplified)

2.2. Wastewater treatment plant effluent

Municipal WWTP with population equivalent approximately 500 000 has a biological
secondary treatment stage designed as nitrification with pre-denitrification and chemical phosphorus
removal via Fe(lll) and/or Al(Ill) salts coagulation. Treated wastewater flow at the WWTP is more
than 90 thousand cubic meters per day.
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2.3. Sampling and sample preparation

Sampling took place across 2 months, from April to June 2021 in accordance with ISO 5667-
5:2006, I1SO 5667-3:2018 and ISO 5667-14:2014 standards. Samples of WWTP effluent and RO
permeate were immediately filtered by a 0.45 um membrane filter (Pragopor 5, Pragochema, CZ),
stabilized by 1mL of concentrated HNO; per 100 mL of the sample and refrigerated at 4°C
for the following analyses.

2.3. Analytical methods

There were 44 physical, chemical and microbiological parameters tested in input water (WWTP
effluent) and RO permeate in accordance with the Decree 70/2018 Coll. [16] which determines
hygienic requirements for drinking water in the Czech Republic. Parameters such as temperature, pH
and conductivity have been measured on site during sampling using a mobile conductometer and a
pH meter. Turbidity was measured in accordance with 1SO 7027-2:2019, colour in accordance with
1SO 7887:2011 and chemical oxygen demand (COD) in accordance with 1SO 8467:1993.

lonic composition of samples has been analysed using mobile analytical sets (Spectroquant®,
Merck, CZ) for NHs*, NO;, NOs™, F, CI, SO4*, PO4>, CN™ ionic species.

For elemental analysis, inductively coupled plasma mass-spectrometry (ICP-MS) technique has
been used. Agilent 7500ce was configured with carrier gas (Ar) flow at 1.08 L/min rate and collision
gas (He) flow at 5mL/min. Electron multiplier operated in both pulse and analogue modes,
therefore, P/A factor have been calibrated. Both internal and external standards have been used
for ICP-MS analysis. Internal standard consisted of 1 mg/L Li, Sc, Bi, Rh, In and a commercially
available external standard (NIST SRM 1643f, NIST, USA) has been used.

Microbiological parameters have been analysed using standard cultivation techniques
in accordance with ISO 6222:1999 and ISO 9308-1:2014. Nutrient Agar No.2 (HiMedia Laboratories,
IN) was used to analyse plate counts at 22 °C and 36 °C. Chromocult® Coliform Agar (Merck, CZ) was
used for coliform species.

3. Results and discussion

3.1. Bulkparameters

RO permeate temperature was dependent on weather, respectively on temperature of the feed
water from the WWTP effluent. During monitored period, produced water temperature was
between 18.0 °C to 24.3 °C. Such temperature is undesirable for the customer. Drinking water
temperature is recommended to be from 8 °C to 12 °C [16]. However it is not a big technological
issue to cool the produced water to the recommended temperature. Also pH of the produced water
was not in the range of the Czech legislative limits (6.5-9.5) [16] but slightly lower between 5.7 to 6.7.
It was observed that pH value tends to get lower after UF and RO. The same dependence applies
as well for conductivity, when feed water was in the range between 1364 to 1036 uS/cm and
the produced water had conductivity only between 65.8 to 108.2 uS/cm due to reverse osmosis
treatment step. Organoleptic properties such as colour and turbidity were under limit of detection
(LOD) 0.0 mg/L Pt for colour and 0 FNU for turbidity.

3.2. Nutrient’s removal

Carbon, nitrogen and phosphorus are considered as essential and limiting elements for microbial
regrowth in water [17]. The regrowth of opportunistic pathogens during drinking water distribution
after the water treatment poses a significant health risk [18]. To evaluate the risk of microbial
regrowth in produced water during its supply and storage, the concentration of nutrients is
investigated.

Chemical oxygen demand (COD) is a measure of the oxygen equivalent of the organic matter
in water that is oxidable by a strong chemical oxidant [19]. Most of organic matter can be oxidized
by strong oxidants (potassium dichromate or potassium permanganate) [20-21]. It is commonly used
for indirect measurement of the quantity of organic compounds in water [22]. COD for input water
was in the range 5.89 — 7.83 mg O,/L during monitored period. RO permeate had COD from 0.03
to 0.12 mg O,/L. COD limit value according to Decree 70/2018 Coll. is 3.0 mg O,/L [16]. Nitrogen is
present in various forms in water, such as ammonia, cyanides, hydroxylamines, elemental, organic,
nitrates and nitrites [23]. The EU and the Czech drinking water legislative set limits only for some
of these forms, specifically, ammonia, cyanide, nitrates and nitrites [16,23-24]. During monitored
period, WWTP effluent exhibited concentration of ammonia in the range from 0.05 to 0.66 mg/L.
For RO permeate it was from 0.03 to 0.15mg/L. The Czech legislative limit value is set to
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0.50 mg/L [16]. The removal rates of NO;” and NOs™ reached 26.4 % and 74.4 %. Cyanides had not
been detected in monitored period. Phosphorus, as mentioned above, is considered as a limiting
element for microbial regrowth, too. However it is not considered as a risk for human health
in concentrations found in samples. The removal rate for PO, species was 54.8 % which is quite
below the expected 95-98 % from the literature [25]. It may be caused by lower RO transmembrane
pressure used during the experiment which on one hand declines the RO membrane performance
but on the other hand reduces an operation costs for sufficient RO membrane performance.

3.3. Other ionic species

Concentrations of other ionic species specifically chlorides, fluorides and sulphates were
determined regarding to their legislative limits. For chlorides the Czech legislative limit is set
to 100 mg/L [16]. Observed concentrations in RO permeate were in the range from 9.50
to 15.90 mg/L with 93.2 % removal rate which corresponds to the values reported in the literature
[25]. Fluorides, similarly to ammonia, had poor removal rate around 5.3 %. However, the legislative
limit 1.5 mg/L [16] has not been exceeded during monitored period. Concentration ranged
from 0.10 mg/L to 0.54 mg/L. Among monitored ionic species, sulphates have had the largest
fluctuation in terms of the feed water concentration. Concentration range in feed water was
observed from 121.0 to 772.0 mg/L with mean value 207.0 mg/L. Removal rate 84.0 % was lower
than expected. Nevertheless, drinking water limit value 250.0 mg/L [16] has not been exceeded.

3.3. Macroelements removal

The first group of elements is macroelements. These are elements with high expected
concentrations namely Na, Mg, Ca and K. These elements occur in water mostly in their ionic forms
as singly charged ions such as Na* and K* or they occur in doubly charged ions such as Ca?* and Mg?".
lonic charge pre-determines their removal rate — the bigger the charge is, the bigger is the removal
rate. This assumption is based on dielectric exclusion model for NF and RO membranes [26-27]. Proof
of this model has been clearly observed in our experiment, where removal rates of singly charged
Na* and K* ions have been roundly 87 % for both ions and for doubly charged Ca?* and Mg?" were
removal rates same as well, exactly 99.7 %. Observed concentrations were well below limit values.
Although such low mean concentrations — 10.44 mg/L for Na, 3.37 mg/L for K, 0.26 mg/L for Ca and
0.04 for Mg are too low for the long-term human consumption, because of its potential health risks
[13]. Therefore an adequate post-treatment remineralisation technique needs to be implemented
to the unit technological design. Usually a carbon dioxide acidification of the permeate, followed
by lime or limestone dissolution is used to enrich permeate with Ca*, Mg?* and COs™ ions to required
amount and mutual ratio [28]. This technique could possibly solve the slightly lower pH
of permeate, too.

3.4. Microelements removal

The second group of the elements is metals and metalloids that occur in water in low
concentrations, well below 1 mg/L. There were 19 microelements monitored, namely Be, B, Al, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo, Ag, Cd, Sb, Pb and U. Legislative limits [16] are set for 15 of them,
excluding V, Co, Zn and Mo. Observed concentrations of analysed microelements in feed water and
RO permeate are shown in Figures 2, 3 and 4. None of analysed microelements surpassed legislative
limits during the monitored period. Furthermore, some of the analysed elements were below
the LOD in the RO permeate as shown in the Table 1.

Table 1 Analysed elements below the ICP-MS LOD

Element | LOD [ug/L] | Element | LOD [ug/L]
Be 0 As 0,012 1
Al 0,068 7 Se 0,076 1
\ 0,001 91 Mo 0,002 61
Cr 0,0290 Ag 0,005 59
Mn 0,0600 Cd 0,000 159
Fe 0,0510 Sb 0,002 83
Co 0,005 90 U 0,001 84

The worst retention has been observed for boron, only 4,0 %. Removal of boron is greatly
dependent on the pH and operating pressure [29]. The lower the pH is, the lower is the retention.
The same dependence applies to operating pressure. Boron occurs at the given pH mainly in non-
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ionic form as B(OH)s. Nevertheless, boron has been inside the legislative limit for the drinking water
and it was even in concentrations similar to those in the Czech water supply network [23].

On the other hand, iron and manganese have been removed with 97,0 % and 99,1 % retention.
Nickel, zinc, molybdenum, antimony, lead and uranium have been removed almost entirely.
Retention coefficients could not be credibly calculated for elements with permeate concentrations
below LOD, such as Co, Cu, As, Cd, Sb and U.
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Figure 2 Observed concentrations of Be, B, Al, V, Cr, Min and Fe in feed water and RO permeate with
labelled minimum, maximum and median values. Red lines indicate legislative limit values according
to Decree 70/2018 Coll. Blue crosses indicate outliers and blue squares indicates arithmetic mean.
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Figure 3 Observed concentrations of Co, Ni, Cu, Zn, As and Se in feed water and RO permeate with
labelled minimum, maximum and median values. Red lines indicate legislative limit values according
to Decree 70/2018 Coll. Blue crosses indicate outliers and blue squares indicates arithmetic mean.
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Figure 4 Observed concentrations of Mo, Ag, Cd, Sb, Pb and U in feed water and RO permeate with
labelled minimum, maximum and median values. Red lines indicate legislative limit values according
to Decree 70/2018 Coll. Blue crosses indicate outliers and blue squares indicates arithmetic mean.
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3.5. Microbiological parameters of permeate

Number of viable bacteria in water is used to assess the health risks for human consumption [24].
Monitoring of these parameters is crucial for DPR technologies and tells us whether the multiple
barrier approach could effectively prevent an entry of harmful microorganisms from highly polluted
wastewaters to drinking water supply chain [30].

In the monitored period, these microbiological parameters were analysed: plate counts at 22 °C
and 36 °C, overall coliforms including species such as Klebsiella, Enterobacter, Citrobacter, E. Coli
0157:H7, E. coli, Gram negative bacteria, Salmonella, Shigella and Yersinia. None of these parameters
exceeded the Czech legislative limit values. Plate counts were in the range from 6 to 196 colonies
per mL at 22 °C and from 3 to 17 colonies per mL at 36 °C, legislative limit is 200 colonies per mL
at 22 °C and 40 colonies per mL at 36 °C. As you can see, RO permeate is not sterile and some
of the bacteria could be transferred through RO membrane because of its compromised
integrity [30].

Overall coliforms including named species were not detected in permeate. Feed water contained
thousands or tens of thousands of colonies per millilitre of each analysed group of bacteria.

3.6. Applicability of DPR technologies in the Czech Republic

Fundamental question that needs to be raised is whether the use of DPR technologies is
meaningful in medium-sized landlocked countries in temperate climate zones such as the Czech
Republic. The quality of produced water is not going to be a hindrance, as shown by the results
of physical, chemical and microbiological analyses.

Despite recent droughts, the Czech Republic ranks among the countries without any major
shortages in drinking water supply [3]. Hence, there is no acute need for the use of DPR technologies
nowadays. Despite that, DPR technologies are economically demanding [31] and compared
to current potable water solutions economically disadvantageous. In addition, so-called ‘yuck factor’
[32] (a problem of public DPR acceptance) could cause loss of public trust in drinking water quality
which tends to be fragile.

4. Conclusion

This study investigated the potential use of the pilot-scale UF/RO prototype for DPR in accordance
with the Czech drinking water legislation. There were 44 physical, chemical and microbiological
parameters monitored across 2 months period. The experiment showed that none of the analysed
parameters exceeded legislative limits. However high temperature, low mineralisation and slightly
lower pH of permeate may hinder the potential for prototype implementation into practice.
Accordingly, minor technological improvements have been proposed, such as remineralisation
technique. After the implementation of adequate remineralisation technique, RO permeate quality
would not be an obstacle to its implementation into practice, as physical, chemical and
microbiological analyses shown.

On the other hand, what actually hinders the implementation of the protype, are its economic
demands and public DPR acceptance. In addition the Czech Republic has no major shortages
in drinking water supply currently. Therefore there is no acute need for the use of DPR. Nevertheless
the future can bring situations, when DPR could be relevant for the Czech Republic, too.
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Magnesium and its alloys have many interesting properties and
thanks to them it can be used in many applications (transport indu-
stry, medicine etc.). Disadvantage of these materials is their high
corrosion rate. For this reason, there is an effort to achieve high
corrosion resistance through different modifications of magnesi-
um and its alloys. In recent years the superhydrophobization of the
surface seem to be an attractive solution for this question. This
type surface modification minimalize contact between the surface
and water.

In this diploma thesis the superhydrophobic surface was created
on the magnesium alloy AZ91. The first step included pretreatment
of AZ91 surface by etching in solution of SnCl, or ZnCl,. Next step
was superhydrophobization in the ethanolic solution of stearic
acid.

The surface morphology and elemental analysis of the superhydro-
phobic coating were explored by use of scanning electron microsco-
pe (SEM) and energy dispersive X-ray spectroscopy (EDS). The
adhesion properties of the coating on the AZ91 were analysed by
means of scratching test. Contact and sliding angles were measu-
red for superhydrophobic coatings. Electrochemical characteriza-
tion of the coatings was determined using potentiodynamic pola-
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rization (PD) and electrochemical impedance spectroscopy (EIS).
Finally, the analysis of composition and the functional groups was
made using Fourier-transform infrared spectroscopy (FTIR) and
the phase composition analysis was performed using X-ray diff-
raction (XRD).

The results show that the coatings prepared by etching did not lead
to good corrosion properties, even though the value of contact an-
gle was about 150°. The reduction of corrosion resistance could
be caused by not obtaining required surface morphology or insuffi-
cient binding of stearic acid in the form of stearate to the sample
surface.
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Organic conducting materials represent a very promising alternati-
ve to traditionally used inorganic materials, especially in the fields
of medicine and personalized treatment. Their unique properties
give rise to many interesting next generation bioelectronic devices
for various applications. PEDOT (poly(3,4-ethylenedioxythiophe-
ne)) doped with PSS (poly(styrenesulfonate)) is an organic poly-
mer, which currently plays a main role in such applications, mainly
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because of its good processability and thermal and electrical stabi-
lity. Nevertheless, recent research has shown minor cytotoxicity of
the material attributed to the PSS moiety, whose sulfonate groups
restrict cell adhesion. Therefore, the aim of this work was to intro-
duce new conducting materials based on PEDOT, with improved
properties compared with PEDOT:PSS. For this purpose, PEDOT
doped with DBSA was studied.

This material proved its potential for bioelectronics, since it showed
electrical properties comparable with PEDOT:PSS and other com-
monly used materials. However, two other key parameters limit
the use of any material for such applications, stability in aqueous
media and biocompatibility. In this study, PEDOT:DBSA has shown
better long-term stability than PEDOT:PSS, which was further im-
proved by cross-link. Cross-link also led to enhanced attachment
of the material to the substrate and complete resistance against
dissolution. Furthermore, the positive effect of the DBSA dopant
on the materials biocompatibility was proven using standard MTT
assay. Cells grown on pristine and also cross-linked material have
shown almost twice as high relative viability compared with PE-
DOT:PSS and other commonly used organic semiconductors. This
indicates that PEDOT:DBSA exceeds the properties of PEDOT:PSS
and has a great potential for use in bioelectronic devices.
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Organic bioelectronics presents a potential revolution in medicine
as it holds the promise of personalised treatment. Conducting po-
lymers have emerged as an excellent tool for bioelectronic devices
due to their unique properties. Among them, PEDOT:PSS (poly (3,
4-ethylenedioxythiophene) doped with poly(styrenesulfonate)) has
become increasingly selected as a material of choice for various
applications thanks to its superior properties, especially excellent
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solution processability, electrical conductivity or stability. However,
as recent research has shown, there are still limiting disadvantages
of this material, light cytotoxicity and inadequate biocompatibili-
ty. These problems are attributed mainly to the presence of PSS
moiety, which restricts the proper contact between material surfa-
ce and living cells. Thus, the aim of this work was to propose a no-
vel material with enhanced properties compared to PEDOT:PSS.
To reach this, PEDOT doped with DBSA molecule was studied. It
was proved that dopant DBSA itself has a positive effect on the
biocompatibility of the polymer. Furthermore, the modification of
material by cross-link provided excellent long-term stability. Howe-
ver, for bioelectronic applications, appropriate electrical properties
present another key factor of essential importance. The electrical
conductivity of pristine PEDOT:DBSA is of the same order as that
of PEDOT:PSS. Even OECT based on this material showed beha-
viour typical for a p-channel transistor working in the depletion
mode, with yC* value comparable to other commonly used ma-
terials. But its cross-link had a significantly negative impact on
electrical properties. This drawback was overcome using sulphuric
acid post-treatment. The OECT based on such post-treated cross-
-linked material showed uC* value even higher than pristine poly-
mer. This shows the potential of PEDOT:DBSA, modified or not, for
bioelectronic applications.
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Light is a noninvasive exogenous stimulus with high spatiotempo-
ral resolution and precise remote on demand regulation of wave-
length and intensity. Moreover, it does not cause contamination of
samples. Thanks to these abovementioned characteristics, light
can be considered as ideal candidate for in situ chemical and bio-
logical manipulation; it can be for example used to control the ac-
tivity of biomolecules inside living cells selectively and specifically
[1]. Molecular photoswitches are promising to serve for the above
purpose as they undergo a characteristic change of their chemical
structure upon light irradiation and consecutive photon absorpti-
on causing change to their respected chemical, physical, electrical
and optical properties. This unique character together with wide
range of possibilities for structural modifications on molecular le-
vel enables design and synthesis of new advanced molecular pho-
toswitches tuned for specific applications [2].

This work is focused on synthesis of new para-bis(2-thienyl)phe-
nylene derivatives with dodecyl and adamantyl-ethyl side chains.
The basic trimer was prepared by the means of Kumada and Stille
cross-coupling reactions via both conventional and microwave-
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-assisted way. Another important goal of the research was the in-
corporation of the carbonyl functional group into the structure of
the prepared trimer. This procedure was optimized through several
synthetic approaches in the form of nucleophilic aromatic sub-
stitutions and nucleophilic additions. The carbonyl compound is
a perfect intermediate for preparation of series of new derivatives
by the means of condensation reactions; in this study a condensa-
tion with selected group of amines - aniline, 1-naphthylamine and
2-aminobenzothiazole was chosen. The imine C=N double bond is
presented in the structure of the final products, thanks to which
they are able to undergo a reversible trans to cis photoisomerizati-
on upon irradiation with 365 nm light. With consecutive relaxation
in the dark, this whole process can be repeated with no significant
sign of photodegradation. With the respect to these characteris-
tics, prepared molecules are promising candidates for the applica-
tions in the field of molecular photoswitches.
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Hydrogels are widely implemented materials of current importance
due to their tunable and well customized functionality, reversibility,
flexibility and biocompatibility. Unfortunately, homogeneous hydro-
gels cannot always satisfy the sophisticated demands of material
engineering. For this reason, recently, there is a growing necessity
in developing the materials with gradient properties for different
application fields such as water treatment, tissue engineering,
pharmacy, cell biology etc. Particularly, the gradient hydrogel has
a progressive change in structure and function [1], that enables
not only to mimic complex and anisotropic structures and control
targeted release of active molecules or cell interactions, but also
leads to more precisely adjustable application properties (trans-
port, mechanical, separation).

Gradient hydrogels can be generated via various methods, provi-
ding either sharp or continuous physical and chemical gradients.
Nevertheless the range of existing preparation methods is not
universal. Each method is suitable for specific materials, requires
certain equipment and has its own advantages and shortcomings.
It should be noted, that common techniques for soft-material cha-
racterization are designed to analyze homogeneous samples.
Hence, in the case of gradients, they must be adapted not only to
inhomogeneous structures, but also to the copresence of chemical
components or physical properties that can differ in satisfying the
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requirements for the use of a specific analytical technique [2]. The-
refore the aim of presented study is to optimize selected preparati-
on methods and characterization techniques, intended for gradient
materials, and to analyze the main factors affected the creation
and spatial distribution of the final gradient.
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