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Sledovani ué¢

inkd kyseliny B-aminomaselné na rajce
Aneta Autratova, Anezka Zadnikova
Stredni primyslova Skola chemicka, prispévkova organizace, Vranovska 65, 621 00 Brno

anetautratova@seznam.cz, chroaza@gmail.com

Uvop METODIKA

V této praci jsou sledovany Geinky kyseliny p-aminoméseiné (BABA) na rostiinu Pro studii byly pouzity rostliny rajcete (bez kvétd a ploda) Solanum lycopersicum cv.
rajcete jediého (Solanum lycopersicum cv. Marmande) z hlediska koncentrace Marmande, Které rostly osm tydnd v kontrolovaném prostfedi. Tyto rostliny byly
BABA a doby jejiho pusoben. BABA je aminokyselina vyznatuiici se tim, Ze se u osetfeny postiikem BABA o 5 mM, 10 mM a 50 mM koncentracich a jako kontrolni
nékterych rostlin chova jako elicitor. To znamen, Ze umi vyvolat podobnou obranou vzorek destilovanou vodou. Kazdou koncentraci byly oSetfeny dvé nhodné vybrané
reakei, jakou vyvolava patogenni organismus a tim posili celkovou odolnost rostliny rostiny. Poté po 3 dny kazdych 24 hodin byl provadén sbér vzorki listd.

ViiEi celému spektru_ patogennich organism. Toho by se v budoucnu mohio Uréovall jsme viiv konoantrace BABA a doby jejiho pisabent na:

vyuzivat pro biodegradabilni postfiky, které by rostiinu pfirozenou cestou ochranily
pfed patogennimi organismy.

« listy rajcete,

NHy O + tvorbu nékterych latek (pomoci metody HPLC),
+ expresi nékterych gend, které kéduji PR-proteiny (pomoci metody RT-gPCR).

OH

VYSLEDKY A DISKUSE

VLIV NALISTY VLIV NA TVORBU NEKTERYCH LATEK VLIV NA EXPRESI GENU HEV2, P4, P6
(metoda HPLC) (metoda RT-qPCR)
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ZAVER

Koncenirace BABA a doba jejiho pusobeni ovlivila vétsinu_nami sledovanych fakort. Vysledky z metody HPLC a RT-GPCR vypovidaji o pozitivnim viivu BABA na rajce, tedy o
schopnosti vyvolat obranou reaki a tim posilit jeho odolnost vici celému Spekiru. Avsak vyhodnoceni primého viivu na listy vypovida o negativnim pisobeni této kyseliny, a to
© nendvratném poskozen listd ra‘esze v pmobé SrenElEsE 1ézi. Tento fakt je zérover i diivodem, pro¢ BABA nemize bjt v praxi aplikovana pro zvyeni imunily, a pro¢ je tfeba
hledat jinou Iatku s podobné po:

PODEKOVANI

Timto bychom chtély podékovat Mgr. Martinu Solanskému a Mgr. Hané Holubové za jejich odborné vedent, cenné rady a vypomoc, kterou nam poskylovali bshem zpracovavani nasi
préce. Také bychom chtély podakovat Pfirodovédné fakulté Masarykovy univerzity za umoznéni pouzivani zafizen, které jsme potfebovaly pro nas vyzku
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Stanoveni ergotovych alkaloidu
Autor: Jan Bednar '; Jan.Bednar.96@seznam.cz

' Skola: Stiedni p

2

a Skola
: Ustiedni k Ini a zk

icka Brno, V:

K, pHispvk
bni ustav zemédelsky - p
Externi vedouci a konzultant: Ing. Martina Cumova, Ph.D.

Skolni vedouci price a konzultant: Ing. Toms Buridnek !

e

-V jamim obdobi vyroste ze sklerocie stroma volfujic spory,
eré kontaminuji bilniny v kvétensti,
oo

O, 607 S G pee

-V disledu nesprivnd 2émed8lské praxe se mohou skirocic.
dostivat do skizeného obili 2 EAs moliou kontaminavat
potraviny a kimiva 7 ého vyroben.

problémy. Toxicita ergotovsch alkaloid spocivi predevsim v
poskozeni

. my Rink ergotor)s " "
téla. Dlouhodobi konzumace ergotovych alkaloidi zpisobuic
ergotismus,jeho? sympromy jsou zvTaceni, otoky, prijem, psychzy.

Vysledky, diskuse a zavér

-V grafu vidime jodnotlivé.
Koncentrace EAS v 1 g

© skleroci

* - Rozpyl EAs jé 0d 0003

409,219 myks

* 1 gram na Kilogram knmiva
Obsahujici obiloviny.

[ ——
- Maozstvi ergotovych. =
alkaloidi ve skerociich

dnuhu 2ita
(2to 0zimé) z riznfch
mist Ceske republiky.

-V grafl mizeme vidét
jednotlivé Koneentracni
 rozsahy a podet vzorki v

alkaloid, a to do 280 kg,

 rozsahu.

| - Nejtastise
vyskytovaly sklerocie s

; obsahem ergotovych

- alkaloidi do 0,01 %.

By ———

pskou
1 ilogramu krmiva s obsahem obilovin smi byt maximdlng 1 g
skleroci. V 10 sudii bylo iténo, 2¢ se maozstvi ergotoveh alkaloidi v
1 grammu sklerocii pohybuje v rozmezi od 0,003 do 9219 mg. Vahiedem k

. N . i)

DD

O 19410 st i e gy

ve vzorcich obilovin
cnt Iz¢ konstatova, 2

Pracovni postup

(Optimalizace metody

hladinu ergotovyeh alkaloidi a
nemely by konzumenta obrozit
na zdravi.

A: roziok 75% acetonitrilu ve v

ode
B: roztok 75% acetonitrilu ve vod s ,1% HCOOH
C: roztok 75% methanolu ve vodé

D: roztok 50% acetonitril ve vodé.

Validace metody

ftanovent ergotovgeh alkaloidi ve skerociich,

IPriprava vzorku skleroc a krmiy

Jpomoci modifikované metody QUECHERS (Quick, Easy, Cheap, Rugaed
ind Safe)
IStanoveni ergotovch alkaloidi
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Stanoveni EAs ve sklerociich
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STANOVENI SGJOVYCH FYTOESTROGENU V POTRAVINACH

Lenka Jilkova

Stredni primyslova Skola chemicka Brno, Vranovska, pfispévkova organizace, Vranovska 65,
614 00 Brno-Husovice, lenka.jilek@email.cz
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uvob

- Cilem mé préce bylo stanovit obsah fytoestrogent
v miéce a jogurtech, které pochazely od dojnic ze
soukromeé farmy v MiSovicich. Speciaini pozomost
Je vénovana isoflavanu equolu, Ktery vznika
2 daidzeinu pisobenim baklerif traviciho traktu.
Estrogenni cinky equolu jsou sice vyraznjs
aviak ne cel4 lidské populace je schopna si sama
e svém tele equol vytvorit a pozitivnim zpusobem
tak oviivnit své zdravi.

Equol a daidzein byly stanovovany pomoci metody
HPLC-MS.

TEORIE

DAIDZEIN
Sém o sobé nema zasadni viiv na estrogenni
receptory
Metabolity:

Daidzein - dihydrodaidzein - O-demethylangolensin

Daidzein - dihydrodaidzein - equol

HO.

OH

Obrézek 1: Chemicka struktura daidzeinu

EQuOL
Nen klasicky fytoestrogen
dokaze si joj vytvoit 25 - 30 % z4padni populace
-V asijskych zemich 50 - 60 % populace
Dva optické izomery S-(-)equol a R-(+)equol
Vyznamn estrogenni aktivita

Obrazek 2: Chemicks struktura equolu

BIOLOGICKE MATERIALY pro tuto préci pochézely
od dojnic ze soukromé farmy v Misovicich. Krmivo
bylo obohaceno o 40% séjovy extrakt po dobu
14 dna.

Miéka

Jogurty po mésici zrani

ZAVER

~ Piprava vzorku ke zkoumani
+ Odstranéni bilkovin, enzymova hydroljza
- Extrakee vzorkd

- Piprava vzorkii na analjzu LC-MS-(TOF)
+ Mfeni vzorkil HPLC

METODIKA

HPLC-MS

- kolona Zorbax Extend - C18 (50 x 2,1 mm; 1,7 m)
s prislusnou predkolonou s filtem pro zachyceni
pfipadnych negistot (0,22 ym)

- Rychlost pritoku 0.2 miimin
Temperovéno na 35°C

+ Slozeni mobilni faze:
gradientova eluce 0,1% kyseliny octové (A) a

methanolu (8)
0 min - 75% A, 25% B
6,01 min - 50% A, 50% B
12 min-0 %A, 100% B
- Hmotnostni spektrometr s detektorem doby letu
MS-TOF Agilent Technologies 6224
+ Vyhodnocovéno pomoci programu Mass Hunter

Obrézek 3: Extrahované

witiniho

i l o)

standardu 4-HBP, daidzeinu a equolu

p T (O s

Obrazek 4: Hmotnostni spekira vniffnino standardu 4-
HBP, daidzeinu a equolu.

EXPERIMENT

Jogut ko e misko

ogml S RO fwml o R cgm s RO bgm) s D
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- z
Ty 1315
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Graf 1: Koncentrace daidzeinu v jogurtech  miékich

~ Obohaceni kimiva o zdroje fytoestrogenii ma viiv na mnozstvi equolu a daidzeinu.
U equolu byl rozdil koncentrace vyrazné vyssi v dokrmované skuping. U daidzeinu

nebyl zdaleka tak markantni.

Fytoestrogeny jsou latky se spoustou blahodamych cinkd, ale musime pamatovat

ina mozné rizika.

Graf 2: Koncentrace equolu v jogurtech a miékich




Porovnavani metod méreni koncentrace
proteint

Filip Kardsek a Martin Siegl

cEITEC

Gvod

- Cilem této prace je posoudit a zhodnotit metody z hlediska jejich
GGinnosti, pfesnosti, finanéni i asové naroénosti, dostupnosti atd.
- Vsechna m&feni byla provadéna na vzorku proteinu MAP2c

Experimenty

- Pro méfeni koncentrace proteini jsme pouzili
nékolik metod rizného typu

- Prevaina Gast metod je spektrofotometrickych

- Pouzili jsme také SDS - PAGE, Aminokyselinovou
analyzu nebo NMR spektrometrii

Aminokyselinova analyza - iy

- Slouzi pro stanoveni absolutni koncentrace ve vzorku. s

- Principem je reakce s 6M HCl a roz3tépeni peptidickych - P 58 H £
vazeb. : 2

- Priichod pfes HPLC kolonu. = ER | |

- Koncentrace stanovena na 1,9 mg/ml (Referenéni hodnota) | i 5

Bradfordova metoda

- Reakce &inidla s proteinem
~ - Zména barvy z hnédé na modrou.

- Citlivost na arginin a lysin

- A =595 nm

- Koncentrace stanovena na 2,6 mg/ml

UV - spektrofotometrie SDS-PAGE
- Spektrofotometricka metoda - Separaéni metoda
- Excitace n elektront a nasledna emise - Vazbou SDS na protein a jeho néaslednou
zaFeni. denaturaci ziskava zaporny naboj.
- A = 280 om - PEi elektroforéze dochazi k separaci na zakladé
- Koncentrace stanovena na 3,2 mg/ml velikosti a pohyblivosti.
- Koncentrace stanovena na 1,2 mg/ml

BCA metoda NMR spektrometrie

- Obvykle se k m&feni koncentrace proteint

- Reakce &inidla s proteinem

- Zm&na barvy z bezbarvé na fialovou HSATLEARNEIG . o

A= D o - Principem je vloZeni zkoumaného vzorku do

- Koncentrace stanovena na 1,2 mg/ml sLimAID MEGEEEACIEG ERLE 2 CZaEoraty
radiofrekvenénim zafenim.

e e e 3 GO A = emeETEReD CioEeERe me 0,8 e

Zavér

- Dosli jsme k zdvéru, Ze nejvhodn&jsim postupem je uré&it koncentraci
proteinu pomoci aminokyselinové analyzy a nasledné vyzkouSet nejbéznéjsi
dostupné metody a jejich vysledky porovnat s vysledkem aminokyselinové
analyz

13
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RUST ENTEROTOXIGENNICH KMENU
B. CEREUS V KOJENECKEM MLECE

DOMINIKA KRCALOVA

Stiedni primyslova $kola chemicka Brno, Vranovska, pfispévkova organizace
Vranovska 65, 614 00, Brno — Husovice; $kola@spschbr.cz

uvob

Cilem préce bylo sledovani ristu a produkce toxind
U kmend B. cereus v obnoveném kojeneckém
mléce pfi riznych skladovacich podminkach.
Prezentované vysledky jsou sougasti rozsahlejsi
studie, jeiiz souhmné vysledky byly zpracovany
formou  védecké publikace a  zaslany
renomovaného védeckeho Easopisu s IF.

Obrizek |.: Bacills

VYSLEDKY A DISKUSE

k

ofeni kompletni

y. K produkci detekovatelného

stvi enterotoxind doslo pouze u kmend

EXPERIMENT

Nejprve byla pripravena sporova suspenze

s koncentraci
Susené  kojer

100
necké micko nésledns byl
sporovou suspenzi na vychozi

zaotkovéno
konc. 10! KTJig a 10° KTJg.
Miéko rozdéleno do sterilnich lahvi po 100 mi

a skladovano
48 hodin

pii teplotéch 8, 15 a 24 °C po

Odbér pro stanoveni pottu B. cereus v

pravidelnych i

intervalech

(0.2 4,567,839 10, 1, 12, 24, 31
248 h skladovani)

‘Stanoveni podtu - roztér 0,2 mi na MYP agar,
inkubace 30 °C, 24 h

ZAVER

Lze konstatovat, Ze obnovené pottecni kojenecké
miéko je vhodnym prostredim pro rist B. cereus,
Kery se zde pi teplotach 15 °C a 24 °C mnozi
a produkuje toxiny.

Detekovatelné  mnozstvi  toxini  vanika
pfi pomnozZeni B. cereus v obnoveném suseném
miéce Tadové na 105 KTJmi (nehemolyticky
enterotoxin) &i 107 KTJ/ml (cereulid, hemolysin).
Pro zajisténi bezpetnosti neni vhodné kojenecké
miéko po obnoveni uchovavat pfi teplatéch vy3sich
nez 15 °C.

Obrizek 2. Ristova kfivka

dan skiadovini )

CCM 2010, 10" KT}fmi

dabn sdovini4

b skindovini 4

Obrizek 6. Risstovi kfivia

daba skiadovi

DDM 4312, 10 KT)m!

ot skadovini i

va Iivia — DDM 4312, 10° KTjimi




VYROBA A CHARAKTERIZACE BIONAFTY

Zdenka Hartmanova, Jitka Odehnalova
Stredni prumyslova skola chemicka, Brno, Vranovska 65

uvoD

Cilem prace je vyroba biopaliva
z rdznych druh olejd
(slunecnicovy, fepkovy, palmovy,
, olivovy a pouZity) a
alkoholt (methanol, ethanol,
propanol). Nasledné se
Zzjistovaly fyzikalni a chemické
vlastnosti vyrobené bionafty.
EXPERIMENT

Bionafta se vyrabi tzv. transesterifikaci.
Transesterifikace- vyména alkoholové
nebo kyselé ¢asti existujiciho esteru za
jinou.
Na vyrobu bionafty se pou
« olej nebo rostlinny tuk
alkohol — methanol, ethanol,
propanol
katalyzator - NaOH (hydroxid sodny)
nebo KOH (hydroxid draselny)

fyzikalnich a chemickych
vlastnosti: stanoveni ¢isla kyselosti,
méfeni bodu vzplanuti, stanoveni
hustoty

Rovnice ¢€.1: Vyroba bionafty

olej alkohol
CHa-OCOR

CH—OCOR

KOH
+ 3CHOH =—=

3 RCOOK + | |
Ol

mydia

zdenuli.h@seznam.cz

VYSLEDKY A DISKUSE

Stanoveni hustoty:
Nejvétsi hustota:

propylester z olivového oleje
Nejmensi hustota:

ethylester ze slunecnicového
oleje

Stanove
Nejvetsi:
methylester pouzitého
fritovaciho oleje

Nejmensi:

methylester slunec¢nicového
oleje

isla kyselosti:

Méreni bodu vzplanut
methylester olivového oleje -
174,75 °C.

estert

. glycerol
bionafta
CH2-CH-CH2
3RCO0-CH3 + | |
OH OH OH

CH2-CH—CH2

OH OH
glycerol

ZAVER

Nejvhodnéjsi palivo:

bionafta ze slune¢nicového oleje
a methanolu

Nejproblemat i pal
biopalivo z exotickych olej

a z pouzitého fritovaciho oleje
Nejvétsi hustota:

methylestery

Nejmensi hustota:
propylestery

Dle naseho nazoru by se

v budoucnosti dalo uvazovat o
plném nahrazeni ropnych paliv
biopalivy.

Obr.1: Finalni podoba pfipravenych
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Lenka Pavlikova, Terezie Plucarova

Stiedni pramyslov skola chemickd Brno, Vranovska 65, pfispévkovd organizace

Mikrobiologicka kontaminace kosmetickych vyrobki

16

@ Uvod

Cilem nasi prace bylo ovéfeni atinki konzervantii v krémech. Pokud by konzervanty

nedeinkovaly spravn, doslo by ke kontaminaci, co? predstavuje pro spotiebitele zévazné

2dravotni riziko. Patogenni mikroorganismy mohou zpisobovat ekzémy & zdnéty

®

Polymerazova fetézova reakce

% Opakuc s syntéza nebol amplifikace vybraného Gseku DNA (denaturace DNA, navazdni primerd a

h Fetdzcii DNA)
% Postup: lyze bunék (rozklad bunétné membrny), izolace DNA, amplifikace v termocykle

nisledné vyhodnoceni (elektroforéza & graf na z4kladé méeni fluorescence)

% Poutita pro dv Sarze komeréniho vyrobku (obsahoval K 14:

®

Vysledky konvenéni PCR

% Sledovina pitomnost bakterini DNA

* Provyrobek s trvanlivosti do 08/2018 nebyl konzervant viti dodané kontaminaci dostatezné ginn

% Pro vjrobek s trvanlivosti do 06/2018 byl konzervant bud GEinnéjsi nez konzervant

préibehu price k

Tab. 1 Vslediy elekurofe

N R N EX S S (N 2 N N KT T
NK PK 8% 804% 80% DNA NCPKG1% 604% 60%
standard

negatini konioi (pouze PCR smés); ONA
Vaorku) - . PR produkt nebyl
Vitobek s tanivostido 082013 6. virobok

Logenda: PK ... poiivn koniroa (ke smési bya pidéna DNA); NK
Standard ... komerénd rabény Zsbficek DNA (sme schapn urit sk sekvenci ve
Gotakoudn; , ++ . PCR produkt by delokovan v rznd ntenzis 8

rvaniost] 40 0612018; % .. macZstl pridanym MO

®

% Spotivi v pridéni rizngch koncentraci

Schiilke Koko test

onzervanti do pivodné nekonzervovangch vzorki a
eich ndsledné opakované kontaminaci

% Urgen doby trvanlivosti vjrobku (6 tydnd estu bez kontaminace = trvanlivost 30 misict v praxi)

& Viabulce jsou

sledky piepoitané na KT) v gramu krému pomoci vzorce :
e
01+ (L+n; +0,01 1) * 10

Tab. 4: Vsledky Schilke Koko testu

[T ol enomni eoormni - enomnl - snoml
[OETTHN cnormni enomni  enomni enomini_enomni
[EEW o0 Ao 23000 25 25107 KTlg
k. Ko Kug Ko
[ 990 0
KTl
o o 0 o
[ 0 [ [
o o 0 @
KTug
g o 0 0 o
Ty
(SCEE o 9900 89 X0
KTl Kl KT
.
oo o o 2300° x10°
KTug i
romai enomnl 230" enomai
g
o 9ga0 0 o
KTy
o 0 o
13 o 2005 17 xior
Kiig  KTg
0 0
oot 2000 0 o
Kig  Kug
ISZEERA O [ 0 o

Logenda: enormri

nepotiatend miska, ... boz konarinace

@ Experiment

Zkoumané konzervanty K145 a K702

Mely by mitstejny inek proti bakteriim, kvasinkimi plisnim

% Jsou zalozeny na chemickych reakcich s mikroorganismy

Pouzité mikroorganismy E. coli a C. glabrata

4 Patogenni kmeny £ cofimohou vyvolat prijmova onemocnéni

Kvasinky druhu Cand vatinfekee

®

% Sledovina pritomnost DNA kvasinek

Vysledky real-

% Prce s hodnotou C, = bod, kdy je dosaZeno nevfznamnsi hodnoty fluorescence
% Hodnota C;: u PK 18 a 16 (byla piftomnd DNA), u ostatnich vzorkd vés neZ 28 (nebyla
pritomna DNA

% Konzervant byl viici dodané kontaminaci ainny

Obr.1: Graf amplifikaéni kiivky

(® MiCtest

s2tok kon

Obr. 2.5: Petriho misky K 702

Tab. 3: Vysledky MIC testu

0,6% po riizngch dobich kontaktu

ooz o 18

Logenda: +.. nenzia kontaminace,
0. bez kontaminace.

ramei nai pra ly k zdvéru, Ze ne vidy je nutné pousit do vjrobki

maximaln povolenou koncentraci, prors

i konzervantii je proti

pripadné koniaminaci Géinné



STANOVENi OBSAHU AMILORIDU A HYDROCHLOROTHIAZIDU

Klaudie Ramszova p—— RN

13ramszova@spsch.eu

—
w -
Stéedni priimyslova skola chemicka ika Heyrovského, Ostrava, pfispévkova O'yny/aﬂd

Stiedoskolska 2854/1, Ostrava-Zabieh, 700 30

Obr.1 Lék Amilorid

uvoD
Hlavnim cilem mé préce bylo sezndmit se s metodou v G¢inné inové cl ie, pomoci niZ jsem stanovovala
obsah Hydrochlorthiazidu a Amiloridu HCI-2H20 v pfipravku Amilorid Comp.Pharmavit.
TEORETICKA CAST PRAKTICKA CAST .
CHARAKTERISTIKA AMILORIDU Piprava roztoki e e
-dvé Gcinné slozky (amilorid a . o
nydrochiorothiazid 0Obr.6 Vialky na vzorky
ydrochlorothiazid). VYPOCET UEINNE LATKY VE VZORKU:
-antihypertenzni Hydochorothiazid
~diuretikimlmn&aniidng ahnarmalni h¥igni ydochorathiazll
tekutina
otokd) PAN AN AmBsgc-m 557143 -50,1-98,6-0,2468
¥ Xuj==t = 41,86 mg/thl

u At B100 T 696863 -2,3284- 100

HPLC
Xy1+XHo+X 41,86 +44,44 +44,17
Xy= T - — =43,49 mg/tbl

3

Amilorid

AnBorem _ 21493315299202468_ o
= mg/tbl
A at Bu10025 27952002328410025 9

Xpy+XgptX, 4,92 45,22 45,20
Xa= XL ;\2 43 _ e =5,11mg/tbl

smydkou  separadni
Kolona detelter o
5 Obr.3 Schéma HPLC . e "
PDAChI 286mm Lo
e it ""50%

Obr.7 Chromatogram vzorku

ZAVER

. PH zjistovani obsahu bylo ve vzorcich nalezeno 43,49 mg/tbl
Obr. 4 Separaéni
Hydrochlorthiazidu a 5,11 mg/thl Amiloridu HCI-2H20.

kolona

Obr. 5 Separace pomoci HPLC Lécivo tedy spliiuje poZadované parametry.



Stanoveni obsahu antioxidant( v zeleném ¢&aji

Markéta Stejdifova
Gymnazium, Policka, nabfezi Svobody 306, marky.stej@gmail.com

O_ptimali;ace

+Jako optimaln objem bylo zvoleno 30 ul Sx afedéného
(0PPH)

“Antioxdacnt akiastudovanych
reovanieh aid

porcovange

Teac 5D Toacsso

ounsteni oxmatent
(mmol)

B
s

o027 0005 093500102 X 072+ 0005

pacaor e
s i
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PROBLEMATIKA VYSKYTU FARMACEUTICKYCH LATEK

RV i ofchamisy |
r 0F CHEMISTRY EXTRITITI
rotoction

Graf 1: Procentudini  dcinnost odstranéni Iéciv
pomoci ozonu s peroxidem vodiku o riznych,
koncentracich (Cislo méfeni viz 2.5.1 maloprovozni
Jednotka a odbér vzorki)

[E——
¥ 5558 38

Graf 2: Procentudini utinnost odstranéni léciv
& pomoci UV zdFeni s peroxidem vodiku o riznjch
koncentracich

Graf3: Procentudini ucinnost odstranéni
léciv pomoci ozonu s UV zdienim o riznjch
koncentracich

w0 E “
[P——

Graf4:  Procentudini déinnost odstranéni Iéciv
pomoci ozonu o riznych koncentracich

Graf 5:  Procentudlni ucinnost odstranéni >
Iéciv pomoci UV zdFeni
Obr. 1: Maloprovozni jednotka v AdMaS

centru v Bmé [foto J. V ]
ST sz ST ERY AZL KL ROX KET NaX DI DU

Eiv byla v rozmezi 95
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Sekce stredoskolskych studentii

Tématicky okruh anorganickd chemie,
materidlové védy a inzenyrstvi



Studium Paschenova zakona

Gabriel Janovsky
13janovsky@spsch.eu
Stfedni pramyslova Skola chemicka akademika Heyrovského, Ostrava, pfispévkova organizace
Uvod:
cilem této préce bylo praktické potvrzeni Paschenova zékona, pfipadné, po porovnan s jeho oficidlni charakteristikou, zanalyzovani odchylek od vysledkii
odborného méfeni a odvozent &i predpoklad jejich pFiciny.

Experiment:
Paschen cuves forwidly-sed
dscharge-tube gases

1-Vakuov komora

2 2droj vysokého napéti
3~ Délié napéti
4-Multimetr

7~ zaviraci ventil
8- Regulaéni ventil
9 Rotaéni vyvéva

10~ Difézni vvéva
11 Tlakové tésnéni elel

%‘A’

ktrod 100,

12~ Utly spojuiici pracovni a méici obvod se zdrojem vysokého napéti 01 020305071 23 5710 2030 5070100 200 300 500700 1k
Pressure x Ekectrode Specig / (mmHg) xcm

Por (mbar)

Zavér:
- vystupni grafy splfiuji jisté charakteristické podminky
- Pascheniv zékon tedy byl potvrzen
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Vliv doby krystalizece a teploty pri
krystalizaci na fotokatalytické ucinky
Ti02:3 a ZrO2 v latkovém poméru

Petr Lodiidnek
Ing. Dana Varikovd, Ph.D.

Stiedni priimyslovd skola chemickd akademika Heyrovského, prispévkovd organizace
Stredoskolskad 2854/1, Ostrava-Zibieh, 700 30

Tato ro¢nikova prace se zabyva piipravou smési TiO, a ZrO, v latkovém
poméru 7:3 pomoci podkritické vody a jeji fyzikalné-chemickou charakterizaci,
konkrétné fotokatalytickou aktivitou. Prace je sloZena z teoretické casti, prak-
tické casti, vysledkii, hodnoceni a zavéru. V ramci teoretické ¢asti jsou popsany
vlastnosti Ti, TiO,, Zr a ZrO, a jejich praktické vyuziti. Déle je vysvétlen zptisob
pripravy téchto oxidii a to hydrolyza titanyl sulfatu a zirkoniumoxonitratu, princip
fotokatalyzy a vysvétleni analytické metody: UV-VIS spektrometrie. Prakticka ¢ast
skyta postup pfipravy smési oxidii, ktery byl pouZzit, provedeni krystalizace, jak
pri zméné objemu, tak teploty a zptisob zjiSfovani vlivu doby krystalizace a teploty
na fotokatalytickou aktivitu dané smési a zjisténi fotokatalytické aktivity oxidaci
azobarviva AO7

Klicova slova: TiO,, ZrO,, fotokatalyticka aktivita
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Zavislost chemiluminiscence luminolu
na reakénich podminkach .

Jakub Martikan, Vojtéch Musil?

soc

stredoskolska

Stredni pramyslova skola chemicka, Brno, Vranovska, p. o., Vranovska 1364/65, 614 00 Brno

MOTIVACE

Luminol je organicka litka schopna pii oxidaci
emitovat svétlo. Uelem této prace je zdokonaleni

soucasnjch syntéznich postupi pro zvysent vitézki
a distoty luminolu. Dile sestaveni dostateiné
citlivého a presného piistroje pro  méfeni

luminiscence a nasledné  zhodnoceni doposud

nepromérené zavislosti chemiluminiscence luminolu
na reakénich podminkach.

METODY A
INSTRUMENTACE

Syntéza luminolu

vychozi organicky substrét ~ ftalanhydrid

nitrace, kondenzace hydrazinem a redukce
velké mnozstyi rekrystalizaci meziproduktd

Koflerova  bloku

analjza  produktd
a7TLC chromatografie

pomoci

Obrazek 1: Nitrace ftalanhydridu (vievo) a
rozpousténi 3-nitroftalhydrazidu (vpravo)

Instrumentace
pouity asti UV/VIS spektrometru Spekol 10
odstinéns reakéni komora viastni vyroby
AD pievodnik a software PCLAB2000SE
presnost 0,001 V, snimani po 001 s
detektor fotonka v oblasti
od 300 nm do 750 nm
zesilovat az 990

vinovjch  délek

Obr. 2:  Sestaveny luminimetr

Oblasti méfeni:
schopnost riznjch iontd katalyzovat oxidaci

zavislost na koncentraci luminolu
zavislost na koncentraci katalyzétoru
zvislost na koncentraci oxidacniho inidla
zvislost na pH reakéni smési

“vojtamusil@email.cz

VYSLEDKY

V ramci prace jsme hledali vhodné katalyzitory pro oxidaci
luminolu. Dale jsme zméiili zavislosti chemiluminiscence na
koncentracich  jednotlivych reaktantis  a  katalyzatoru
Nejdlezitéjii vysledky jsou shruty v tabulce a grafech nie.

Tabulka 1:  Subjektivni hodnoceni katalyzdtord.
=
Graf 1:  Zdvislost maximdlni svitivosti na koncentraci luminolu.

2
5 P
o o s
w
Graf 2:  Prabéh chemiluminiscence s riznymi  koncentracemi
Katalyzdtoru  Fe(ll ve formé [Fe(CN)g*~
Graf 3:  Prubéh chemiluminiscence s riznymi  koncentracemi

oxidacniho cinidla.

DISKUSE

Podaiilo se ndm zvyiit wiézky a Gistotu produktu

byl 3284 %, zatimco (1] uvadi 147 % aZ 255 % [2)
uvadi 29,5 %. Dale jsme také snizili naklady spojené
s preparaci oproti komeréné dostupnému luminolu,
ktery stoji 632,8 K¢/g [3]. Bez zapocitani lidské prace
a energif spojenych se syntézou vychazi jeden gram
produktu na 10,11 K.

Pii zkousen katalyzétord jsme vyzkouseli 20 riznjch
Kationtd. U nékterjch byl problém s vysrézenim iontu
kvl alkalickému prostiedi a tak jsme museli hledat
stabilni komplexy. Nadéjné katalyzitory a jejich
subjektivni hodnoceni je uvedeno v Tabulce 1.
Subjektivni hodnoty by bylo mo#né potvrdit méfenim
na sestrojeném luminimetru.

Experimentding jsme dokézali, 7e se zvyiujicim se
mnozstvim luminolu v reakéni smési exponencialné
roste hodnota maximalni svitivosti i celkové mnozstvi
emitovaného svétla. Tato zavislost je znazornéna na
Grafu 1.

Pii méfeni zavislosti luminiscence na  koncentraci
katalyzatoru jsme dospéli k necekanym vysledkim.
Ackoliv jsme otekavali s vétsim  mnostvim
katalyzatoru rychlejsi reakei a tudi jeji diivéji konec,
Vysledky viak potvrdily, Ze se zwiuje hodnota
maximéini svitivosti i doba dosvitu, co je patrné z
pribéhi reakel znézoménych v Grafu 2

Nae vysledky dale prokazaly, e peroxid vodiku
jakoto oxidaéni Ginidlo v nadbytku  negativné
ovliviije reakei. Idedlni koncentrace peroxidu vodiku
pro maximalni délku a nejuy3si intenzitu sviceni je
1,5 mmol dm-3. Jednotlivé priibéhy emisi a zévislost
na koncentraci jsou znazornény Grafu 3.

ZAVER

Uspééné jsme modifikovali postupy — syntézy

luminolu pro vysi vitézky a vétsi cistotu produktu.

Sestavili  jsme  piistroj  schopny  méfeni
i Na zaklade imentalni

dat jsme urcili idedini pomér reaktantis ve smési.
Uréili jsme, které fonty jsou vhodné katalyzatory pro
tuto reakei.

REFERENCE

[1] $iMA, Daniel a Jan SKOPAL. Chemicks luminiscence
minola’ 3 jeho syntéza ze snadno  dostupnych
chemiksli Chemické Ly, 2008, 102(1017-1019), 3,
121 SIMONEK, Oncfel. Chemiluminiscence. 2007. Praha, 2007

3] htp//wwwsigmaaldrich.com [4.3.2017)

odborna cinnost
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Struktura nukleovych kyselin na
povrsich elektrod

5 Dan Prokop
Skolitel: doc. RNDr. Miroslav Fojta, CSc.

Akademie véd Ceské republiky, Biofyzikdlni tistav,
Kralovopolskd 135, 612 65 Brno
dan.prokop.23tekk@gmail.com

Nukleové kyseliny jsou zodpovédné za vzhled a funkce vsech Zzivych
organismti. Poskozeni DNA nebo zmény v jeji struktufe mohou zapii¢init fadu
nemoci, ¢i dokonce nadorové bujeni. Pro pochopeni a mozné odvraceni vyse uve-
deného je nutné vénovat usili vyzkumu nukleovych kyselin.

Tato prace je zaméfena na rozvoj elektrochemickych metod vhodnych pro
strukturni analyzu nukleovych kyselin, zejména v oblasti tzv. nekanonickych (al-
ternativnich) struktur DNA, pfedevsim tzv. vlasenek a kvadruplexti.

Cilem tohoto projektu je prozkoumat elektrochemické vlastnosti fetézcti nuk-
leovych kyselin s vyuzitim metod nevyzadujicich externi znaceni (,label-free”
detekce). Studie se zabyva chovanim nekanonickych struktur DNA na rtutovych
elektrodach se zdpornym potencidlem. Hlavnimi sledovanymi znaky jsou zej-
ména schopnost se adsorbovat a desorbovat na povrsich elektrod, dale oxida¢ni a
redukéni pochody nukleovych bazi.

Ziskané informace jsou porovnany s chovanim kanonickych struktur. Bylo
zjisténo, Ze tvorba kvadruplexti silné ovliviiuje pfistupnost nukleobazi pro redoxni
pochody, a sloZeni jednofetézcovych koncti kvadruplexovych struktur ma vliv na
adsorpéné-desropéni vlastnosti fetézce jako celku. Vysledky jsou pfinosem na poli
vyzkumu bioanalytickych metod a DNA nanotechnologii.

Klicova slova: elektrochemie, linearni voltametrie, AC voltametrie, nukleové
kyseliny, nekanonické struktury, G-kvadruplex, label-free detekce
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VALIDACE RENTGENOVEHO FLUORESCENCNIHO SPEKTROMETRU
NITON XL3t GOLDD+
Natalie Rihova
Stfedni primyslova Skola chemické akademika Heyrovského, Ostrava, p. o.
Stfedoskolska 1, Ostrava-Zabreh, natalie.riha@seznam.cz

uvoDp

Préce je vystupem dvoutydenni praxe ve Fyzikalné chemické zkusebné VTC. Zabyvé se validaci programu OCEL-1, vytvofeného pro
rentgen-fluorescenéni spektrometr NITON XL3t GOLDD+. Program byl vytvofen za G¢elem spravnéjsiho méfeni a minimalizace korekci

driftu pristroje tzn., Ze pfistroj je schopen vydavat vysledky blizsi rediné hodnoté.

EXPERIMENT
- bylo proméfeno 32 vzorki CRM
VYBUZENI

- zdroj vySle RTG paprsek,
dopada na vzorek

ktery

+ zéfeni vyrazi z valenéni vrstvy atomu
elektron

- vznika dira, atom se nachazi v
nestabilnim stavu

PRESKOK

- z vy$3i energetické hladiny se uvolni
dalsi elektron, zaplIni vzniklou diru

- pii pfeskoku elektroni dochazi k
vyzéfeni energie hladin elektrond

- energie se vyzafi
elektromagnetického zafeni

DETEKCE

- zéafeni dopadd na detektor
prevedeno do procesoru

formou

a je

o

(ugn)

Wiskss

VYSLEDKY RESENI

Na 32 vzorcich CRM byly naméfeny

koncentrace 18 prvku.

Vystupem méfeni jsou protokoly a grafy.

- poskytuji  souhrnné
kazdém méfeném CRM

Z PROTOKOLU LZE VYCIST

« je-li model vyhovujici

« hodnota a vyznamnost absolutniho
Clenu

informace o

+ hodnota smérnice
piblizuje 1)

« pramérné absolutni reziduum
korelaéni koeficient

(jak moc se

. minima a maxima naméfenych i
certifikovanych hodnot

- procesor scitd vSechna
zafeni a prepocitava je
odpovidajici koncentraci prvk

KONECNE ZPRACOVANI DAT

- pfifazeni tabulkovych hodnot CRM k

naméfenym hodnotam

zhodnoceni  vysledki
software QC Expert

ZAVER

Cilem prace byla validace programu
OCEL-1, vytvofeného pracovniky
FCHZ, pomoci ED XRF NITON XL3t
GOLDD+. Bylo zjisténo, ze nastaveni
pristroje neni idedlni — uspokojivych
vysledka meéfeni dosahl pouze titan.
MOZNOSTI DO BUDOUCNA

- opétovné preméfeni nevyhovujicich

prvki
- pfepocet parametrd prog. OCEL-1

na

statistickym

« pouZziti parametru inverzni rovnice

Graf. 1:Kalibracni zavislost Ti

Vhodnost
pousitého
modelu®

Vyznamnost
absolutniho
Zlenu*

Validace
smérmice®*™

absolutniho
Zenu

Smérnice

Vypotitand

o
sig

ndlu

Primémé
absolutni
reziduum

Korelazni

Koeficient | Minimum | Maximum

n 1 1

1

0,0008273

101186

0077146861

0056150409 | 0,993507 002 221

Tab. 1: Protokol Ti
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Optimalizace stanoveni isoforem metalothioneinu pomoci kapilarni elektroforézy

Stiedni primyslova Skola chemicka, Vranovska 65, 614 00 Brno,

UvoD

Cilem préce bylo optimalizovat jednotliva
isoformy  metalothioneinu  pomoci
kapilarni elektroforézy.

Byly stanoveny jednotlivé lidské a kralici
isoformy MT v riznych separacnich
podminkach, v odlisnych elektrolytech a
fedidlech. ~ Byla  zkoumana jejich
absorbance a mobilita. Metoda byla
aplikovana na klinické vzorky lidské
krevni plazmy.

EXPERIMENT

Optimalizace podminek méfeni
separagni napéti - 20 kV
davkovaci tlak - 50 mbar
doba piisobeni davkovaciho tlaku — 5 s
celkova délka kapilary - 56,5 cm
efektivni délka kapilary - 44 cm
vinova délka -214 nm

Volba vhodného elektrolytu
20 mM borét sodny - pH 9
70 mM fosfétovy pufr - pH 7

» Byl sledovan viv elektrolyti a rozpoustédel
vzorku MT (metalothioneinu) o koncentraci
0,1 mg/ml na vysku, tvar signalu, nebo zménu
elektroosmotického toku.

> Byl sledovan viiv zmény vySe vedenych
separaénich podminek na migracni &as,
absorbanci a tvar signalu.

» Byly stanoveny kraliéi isoformy MT-1 a MT-2
v odlignych fedidlech.

» Byl sledovan vliv denaturace kraliciho MT.

» Byly stanoveny lidské isoformy MT-1, MT-2 a
MT-3 v riznych fedidlech.

» Motoda detekce MT byla aplikovna na

ické vzorky krevni plazmy zdravého a

onkologicky nemocného Elovéka.

- domain - domain

s SRR i
(CASINI A. ot al. Roaciiviy of an anlimetasatc organomelalic uthenium
compound wih metalothionain-2: evance to the mechanism of action
Metalomics, 2009,
1,65 5 434441
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VYSLEDKY A DISKUSE

Porovnani absorbance kralici MT- 1 pH
Fedéni mili-Q vodou a pouziti fosfatového
pufru se vzorkem, pro jehoz detekci byl
poutit fosfatovy pufr jako rozpoustédio i
jako elektrolyt.

. 13; clektolreogram MT 1 - rabbi o koncentaci 0,1 mgil
Tt ik v, ekt oy ut, i 1. dakac o
wkovaci S8 5 , separaéni napéti 2

015 okiloreoram MT abo . o koncanrct 01 ol
sitonm ufen, sk oS il 4 7 cikoval tak
o e S s 50 sopesin b 2 8

Porovnani kralici ho MT pred a po denaturaci
~ sledovani stability MT

1951

9

ozIwW

Detekce MT v kli

kych vzorcich

Piiprava vzorku krevni plazmy
10 pl krevni plazmy + 90 pl mi vody —
denaturace — centrifugace — detekce
supernatantu

Ot 24 aonstrogon o oy s
20 ot 19, kvt ok S0 ot seprac a2

¥ e s

f e’

g 11310 v 20 itk
s ok 50 mosr, st v 20KV

Pii aplikaci stejnych podminek a elektrolyti je
MT detekovan v migracnim case 4,9 min. Ve
stejny Eas je v pfipadé onkologicky

Obr. 17: slktrloreogram MT 1 ~ rabbt pled a po denaturaci, o

foncen 01 mom- Tt m\HOvodou Sk Tostaton pl. o1
7 Gavkovac 1k 50 b, 55, separatni napati 20 4V

Porovnéni lidskych isoforem MT-1, MT-2
a MT-3 pii fedér vodou a pouziti
fosfétového pufru jako elektrolytu

1, -

Obr. 18 lekirorsogram MT 1 01 myimi edny
Q. vodou, elokolt fosféton puf, divkovaci tlak 80,3010 mbar,
dévkovaci €2 5.5, separaci napét 20 K.

b, 19 alekiroforeogram MT human 2. o koncentaci 0,1 mgiifedény
-0 vodo, elekirolyt fosfaory put davkovaci tk 50,30.10 mbar,
dévkovaci £ 5.5, soparaci napsli20 K.

. - VU

Obrazek 20, lokroforoogram MT human 3. o koncerirac 0,1 mgiml
g puf
mbardavkovacCas § 5, separacal napéi 20 V.

pacienta detekovan minoritni
zéznam.

Obrazek 5. elktroforeagram T standardu o koncantraci 0.1 moim dindho
M vodou, elektrot 20 MM bordt, pH 8 dévkovacitak 50 moar, divkovac

ZAVER

» nejvy8si absorbance majoritnino zaznamu
MT — kombinace fosfatového pufru jako
elektrolytu a mili-Q jako rozpoustédia

» detekce minoritnich zéznamu — fosfatovy
pufr jako rozpoustédio i elektrolyt

» nejvétsi mobilita — MT-1; nejnizsi - MT-3
(pravdépodobné diky v&tsimu  mnoZstvi
AMK ve struktufe)

» stabilita MT — % pavodniho vzorku

» detekce majoritniho signalu s kratkym
intervalem vyskytu v Kiinickych vzorcich
kratky interval vyskytu tohoto piku miize
byt disledek siln 0 elektroosmotického
toku, ktery unasi castice v kapilére stejnou
rychlosti,  vysledny pik také mize
nasvédcovat tomu, Ze termostabilni
proteiny mohou mit podobnou mobilitu.

» detekce minoritniho signalu v knmukycn
vzorcich s migradnim &
adpovldapcwmu vyskytu MT za slejnych
pod




Sekce studentii bakaldrskiyjch a magisterskych
studijnich programii

Tématicky okruh organicka, enviromentdlni a biochemie

27



Tvorba svetlom indukovanych
proteolytickych enzymov vlaknitej huby
Trichoderma atroviride

Bc. Helena Galddovad
Ing. Matej Matata PhD., doc. Ing. Martin Simkovi¢ PhD.

Slovenskd technickd univerzita v Bratislave, Fakulta chemickej a potravindrskej technoldgie,
Ustav biochémie a mikrobioldgie
Radlinského 9, 81237 Bratislava, Slovenskd republika
galadova.helena@gmail.com

1 Uvod

Trichoderma atroviride je mykoparaziticka vlaknita huba, ktora sa bezne vyskytuje
v prirode, hlavne na korenovych castiach stromov a rastlin. V priebehu svojho vyvoja
produkuje hydrolytické enzymy, vratane proteolytickych enzymov, ktoré st nevyhnutné
pre ich prezitie. Proteazy Stiepia peptidovt vazbu v polypeptidovych retazcoch na kratsie
peptidové retazce. Trichoderma sp. vyuzivaji protedzy v mykoparazitizme na prienik
cez bunkovt stenu hostitela, kde nasledne degraduju intracelularny obsah, ktory
vyuzivaji vo svoj prospech!. Jednym zenvironmentalnych faktorov, ktory prispieva
ku tvorbe proteolytickych enzymov, je svetlom indukovana konidiacia2. Kmene z rodu
Trichoderma nasli uplatnenie vroéznych oblastiach, ako je polnohospodarstvo,
pivovarnictvo, koziarstvo alebo farmaceuticky priemysel?.

Tato praca sa venuje fenoménu svetlom indukovanej tvorby nizkomolekulovych
a vysokomolekulovych proteolytickych enzymov Trichoderma atroviride. Sticastou projektu
je komparativna analyza proteolytického profilu kmenov T. atroviride a charakterizacia
katalytickych vlastnosti detegovanych proteaz. Posledna Cast sa venuje studiu Struktary
protedz hmotnostnou spektrometriou.

2 Metodika prace a metody

2.1 Modelové mikroorganizmy

Ako modelové mikroorganizmy sa pouzili:

. Trichoderma atroviridle CCM F-534, zbierka mikroorganizmov, Univerzita T. G.
Masaryka, Brno, Ceské republika
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. Trichoderma atroviride LU132 od Dr. J. Steyert, Bio-Protection Research Centre,
Lincoln University, Novy Zéland.

. Trichoderma atroviride IMI 206040 od Dr.M.Schmoll, Austrian Institute
of Technology GmbH, Vieder, Rakuasko

2.2 Kultivacia mikroskopickych kultar

Konididlna suspenzia, pouZzitd na ofkovanie sa pripravila z 2-tyzdniovych kultar
vyrastenych na povrchu stuzeného Czapek-Doxovho (CzD) média (za cirkadidlnych
podmienok a teplote 25°C). Suspenzia o koncentracii 1-10° konidii/mL a s obsahom
25% glycerolu sa az do pouzitia uskladnila pri -20°C. Kultary pouZité na homogenizaciu,
sa pripravili réznou dizkou kultivacie (2, 3, 4, 5 a7 dni) htib na celofanovych diskoch
umiestnenych na povrchu stuZeného CzD média, za tmy (kontrola) alebo za konstantného
osvetlenia (lampou FL 1301-8, 8W, vo vzdialenosti 20 cm od svetelného zdroja).

2.3 Homogenizacia

Homogenizacia povrchovej kultury sa uskutocnila roztieranim mycélia zmrazeného
tekutym dusikom. Po odpareni dusika sa bielkoviny zhomogenizovanej biomasy
extrahovali tlmivym roztokom (Tris-HCl, pH 7,4). Po odstraneni bunkovych zvyskov
odstredovanim sa homogenaty s 20% glycerolom uskladnili pri teplote — 20 °C.

2.4 Meranie bielkovin

Koncentracia bielkovin sa stanovila prostrednictvom Bradfordovej metdédy*
s vyuZzitim hovadzieho sérového albuminu ako Standardu.

2.5 Stanovenie proteolytickej aktivity (PA)

Proteolytickd aktivita sa stanovila prostrednictvom viacerych metéd, pomocou
chromogénneho substratu azokazeinu a Zelatinovou zymografiou.

e  Stanovenie aktivity pomocou chromogénneho substratu- spektrofotometrické
meranie sa uskutocnilo v pritomnosti azokazeinu. Do eppendorfky sa pridalo 400 pl
azokazeinu (0,25% azokazein, 100 mM Tris-HCl pH 7,4) al1l00 ul vzorky
ainkubovalo po dobu 4 hod pri 37 °C. Nasledne sa reakcia zastavila pridanim
10 % TCA asuspenzia sa scentrifugovala (90 s, 13400 ot/min). Takto pripraveny
supernatant sa preniesol do kyvety, zmiesal sa s320 ul 1M NaOH a zmerala sa
absorbancia pri 440 nm oproti vode. Neenzymova hydrolyza substratu sa
zhodnotila rovnako, ako pri sledovani proteolytickej aktivity, ale vzorka sa k zmesi
pridala az po pridavku TCA. Proteolyticka aktivita (PA) sa vyjadrila ako zmena
absorbancie pri 440 nm v priebehu 1 min a prepocitana na 1 mg bielkovin. Merania
sa uskutocnili v dvoch nezavislych experimentoch v paralelnych meraniach,
prezentované vysledky predstavuju aritmeticky priemer z1 experimentu a
st vyjadrené ako aritmeticky priemer +/- odhad smerodajnej odchylky.
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e  Elektroforéza na  polyakrylamidovom géli = (PAGE)- pouzil sa
10% polyakrylamidovy gél. Vzorky pripravené na SDS-PAGE sa spracovali
standardnym postupom podla Laemmliho metddy®. Na separdciu bielkov sa
do gélu nadavkovalo 50 pg. Elektroforéza bezala 1hod pri 28 mA v pritomnosti
SDS. Detekcia proteinovych pasov v géli sa uskutocnila pomocou farbenia
s Commassie briliant blue R-250 (CBB R-250).

o Zelatinova zymografia- zymografia sa uskuto¢nila za rovnakych podmienok ako
SDS elektroforéza s malymi obmenami. Zymograficky gél, okrem polyakrylamidu,
obsahoval navySe pridavok substratu, 0,2 % (w/v) Zelatiny. Aby sa zachovala
nativnost proteolytickych enzymov, vzorky uréené na zymografiu sa zmiesali
s modifikovanym elektroforetickym tlmivym roztokom, ktory neobsahoval
redukujtce latky (3-merkaptoetanolu), navyse samotné vzorky pred nadavkovanim
do gélu neboli tepelne denaturované. Po rozpusteni v elektroforetickom tlmivom
roztoku sa vzorky odstredili (2 min, pri 14000 x g) a naniesli na gél spolocne
s molekulovymi Standardmi. Elektroforéza bezala 1a %2 hod pri 28 mA pri 4 °C.
Po skonceni elektroforézy sa z gélu odstranilo SDS inkubaciou v 20 mM Tris-HCl
tlmivom roztoku (pH 7,5) s 2,5 % Triton X-100 na trepacke v troch 20 min
intervaloch. Detekcia PA sa uskutocnila inkubaciou gélu pri 37 °C v roztoku
s nasledovnym zlozenim: 40 mM Tris-HCI (pH 7,4), 20 mM NaCl a 5 mM CaClz
po dobu 4 hod. Vizualizacia zén reprezentujucich PA sa uskutocnila s farbickou
CBB
R-250.

e Zelatinova zymografia vrstvenim- pri tejto technike sa vychadzalo z $tandardného
polyakrylamidového gélu bez zabudovanej Zelatiny. Po prebehnuti elektroforézy
na SDS-PAGE za podmienok popisanych vyssie sa z gélu najprv odstranil SDS
apotom sa pritomnost proteolytickej aktivity detegovala prevrstvenim gélu
srozdelenymi bielkovinami cerstvou vrstvou polyakrylamidového gélu
s kopolymerizovanou 0,2 % Zelatinou. Vzniknuty sendvi¢ sa zalial inkubacnym
roztokom (40 mM Tris-HCl (pH 7,4), 20 mM NaCl a 5 mM CaClz) a inkuboval 16
hod pri 37 °C. Detekcia proteinovych pasov v géli sa uskutocnila pomocou CBB
G-250.

2.7 Charakterizacia citlivosti proteaz na inhibitory

Na tieto experimenty sa vyuzil samotny zymogram s rozdelnymi protedzami, ktory
sa po skonceni elektroforézy a odstraneni SDS inkuboval (za podmienok popisanych
pre Zelatinovu zymografiu) v pritomnosti standardnych inhibitorov proteaz: 1 mM PMSF
(inhibitor protedz serinového typu), 1 mM pCMB (inhibitor protedz cysteinového typu),
1mM EDTA (inhibitor metaloprotedz) aluM pepstatin A (inhibitor proteaz
aspartatového typu). Nasledovala inkubacia pri 37 °C po dobu 4 hodin a potom sa gély
zafarbili a odfarbili ako je to popisané vyssie.
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3 Vysledky prace

3.1 Porovnanie tvorby proteolytickych enzymov u kmenov T. atroviride pocas
povrchovej kultivacie za r6znych svetelnych podmienok

e  Sledovanie zmien v urovni proteolytickej aktivity mycelialnych homogenatov
hub sledovanych pomocou chromogénneho substratu, azokazeinu

Primarnym cielom bolo zistit, ¢i svetlo ovplyviuje syntézu proteaz u hib z rodu
Trichoderma a porovnat ¢i dochadza k zmene v produkcii protedz troch prirodnych
izolatov T. atroviride (F-534, LU132 a IMI 206040) pocas ich vyvoja a vo vztahu
k rozdielnym svetelnym podmienkam. Za tymto tucelom sa sledovala $pecificka
proteolytick4 aktivita (SPA) v homogendtoch mycélii ziskanych v réznom $tadiu vyvoja
(po 2, 3, 4 a5 drioch kultivacie) a kultivovanych za tmy (tento rezim slizil ako kontrola)
a za nepretrzitého svetla. V priebehu kultivécie F-534 za tmy sa zistilo, Ze tGroveni SPA sa
menila nepatrne. Najvys$ia SPA bola zaznamenana poas 3. diia kultivicie a dalsou
kultivaciou doslo k poklesu proteolytickej aktivity (Obr.1). Kultivacia huby za svetla
viedla k vyraznému zvySeniu celkovej SPA v porovnani s tmavou kontrolou polas celej
povrchovej kultivécie. Najvyssia SPA sa zaznamenala na 3. deii kultivécie, potom
nasledoval postupny pokles proteolytickej aktivity.

0,20 4

I onava kontrola
I svetlo

min

SPA /mg

2 3 4 5

doba kultivacie / poéet dni

Obrizok 1: Zdvislost Specifickej proteolytickej aktivity od doby povrchovej kultivdcie Trichoderma
atroviride F-534. Povrchovd kultivdcia prebiehala za tmy (kontrola) a za svetla

Kultivacia TMI206040 odhalila komplexnejéiu zavislost medzi SPA a dobou
kultivécie. Ukézalo sa, e v poliatoénych fézach rastu (po 2 a 3 dni) je troveii SPA
v mycelidlnych homogenatoch takmer dvojnasobne vyssia v tmavej kontrole v porovnani
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s kultirou vyrastenou za svetla (Obr. 2). Tento trend sa dalSou kultivaciou zmenil a uz
na 4. a 5. deri kultivacie sa pozorovalo zvysenie SPA v mycéliach exponovanych na svetlo
a ku poklesu aktivity v tmavych kultirach.

0,010+

0,008

=

[=]

3
1

0,004

SPA /mg'min”

0,002

0,000 —
2 3 4 5

doba kultivacie / pocet dni

Obrizok 2: Zavislost Specifickej proteolytickej aktivity od doby povrchovej kultivdcie Trichoderma
atroviride IMI 2060400. Kultivicia prebiehala za tmy (kontrola) a za svetla.

0.4 M travi kontrola
. I svetlo
0,3 4
TLD
£ 024
<
o
i7l
0.1 4
0,0+

doba kultivacie / poéet dni

Obrizok 3: Zdvislost Specifickej proteolytickej aktivity od doby povrchovej kultivdcie Trichoderma
atroviride LU132 a korelovanej s roznymi svetelnymi podmienkami (tmou a svetlom).

Prekvapujico, stimulaény ucinok svetla na produkciu proteolytickej aktivity chybal
v pripade kultivacie LU132 (Obr. 3), hoci samotna tvorba charakteristickych konidialnych
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prstencov indukovand svetlom sa u kmena pozorovala (vysledok nie je prezentovany).
Porovnanie SPA v homogenétoch mycélia kultivovaného za svetla a za tmy ukazuje, e
v rannych Stadiach rastu kultiry bola uroven celkovej proteolytickej aktivity nizka a
takmer rovnakd pre oba sledované svetelné rezimy. Az dalsia kultivicia viedla k vzrastu
celkovej intenzity SPA, hoci vy$éia aktivita sa zaznamenala v mycéliu kultivovaného
za tmy.

e  Sledovanie zmien proteolytického profilu Zelatinovou zymografiou:

Ziskané vysledky indikuju, Ze svetlo pocas vyvoja kmenov T. atroviride nejakym
spdsobom reguluje syntézu proteaz, hoci tato regulacia sa medzi jednotlivymi kmenmi
vramci druhu T. atroviride zasadne 1{&i. Dal$im Ciastkovym ciefom bola komparativna
analyza proteolytického profilu Studovanych kmenov T.atroviride a charakterizacia
katalytickych vlastnosti detegovanych proteaz.

TMA SVETLO
kDa 2.defy 3.den 4.def  S5.den  7.den 2.deft  3.den 4.dent S5.def 7.defy

200
116

Obrizok 4: Zymografickd analyza protelytickej aktivity v homogendtoch z mycélia T. atroviride F-
534 zozbieraného pocas réznych rastovych fiz a kultivovaného za tmy (kontrola) resp. za svetla. Na
analyzu sa pouZilo 50 ug bielkovin.

Na tento ticel sa vyuzila elektromigracna technika, zymografia. Zymografia vyuziva
jednak schopnost hydrolytickych enzymov odolavat denatura¢nému ucinku SDS a
zaroven po jeho odstraneni umoznuje aj na zaklade pritomnosti peptidového substratu
zabudovaného v Struktire polyakrylamidového gélu detegovat proteolytickti aktivitu
enzymov. My sme sa zamerali na zmeny proteolytického profilu F-534 kultivovaného
za odlisnych svetelnych podmienok. V tmavej kontrole sa objavilo niekolko pasov PA,
predstavujticich  prevazne vysokomolekulové enzymy. Vyrazny je aj pas
nizkomolekulovej proteazy pritomnej v priebehu celej kultivicie tmavej kulttry.
Prekvapujuco, tento pas sa pozoroval iba v pociatoénych fazach rastu v mycéliu
exponovaného na svetlo, v neskorsich fazach rastu sa z profilu proteaz tplne vytratil.
Vzhladom k tomu, Ze elektroforéza je semikvantitativna metéda, uz na prvy pohlad su
viditeIné jasné rozdiely v intenzite detegovanych PA medzi tmavou kontrolou a kultirou
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exponovanou na svetlo. Zvysenie PA vysokomolekulovych proteolytickych enzymov
v neskorsich fazach rastu huby za svetla je najzretelnejSou zmenou v porovnani s tmavou
kultarou.
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Obrizok 5: Zymografickd detekcia profilu proteolytickej aktivity v tmavej kontrole a svetlom
indukovanej konididcii kmeriu Trichoderma atvoriride F-534 zaloZend na technike prevrstvenia
polyakrylmidového gélu s rozdelenymi bielkovinami s gélom obsahujiicim 0,2% Zelatinu. NA
analyzu sa pouZilo 50 ug bielkovin.

Aby sa vylucila moznost, Ze sa proteolytické enzymy pocas elektroforézy neviazu
na substrat zabudovany v polyakrylamidovom gély, ¢o by sposobilo ich obmedzenu
pohyblivost cez gél pocas zymografie a viedlo k vzniku falosnych pasov proteolytickej
aktivity (zony PA by nekoreSpondovali s ich skuto¢nou molekulovou hmotnostou),
vyuzila sa aj zymograficka metdéda zalozena na detekcii PA v Standardnom
polyakrylamidovom gély bez proteinového substratu, ¢o by vylucilo akukolvek vazbu
proteaz na substrat. V tejto metdde sa pritomnost PA detegovala az po skonceni
elektroforézy Dbielkovin prevrstvenim polyakrylamidu scerstvou vrstvou gélu
so substratom. Hoci pasy PA na takto ziskanom zymograme nie st ostré a maju skor
diftzny charakter (Co ciastocne komplikuje detekciu), je znich na prvy pohlad jasné,
podobne ako v pripade vysledkov z klasickej zymografie, Ze dominuji vysokomolekulové
enzymy, ktorych intenzita po osvetleni je zretelne vyssia. Naopak, pritomnost
nizkomolekulovych proteolytickych enzymov prevlada v tmavej kontrole, pricom ich
tvorba sa v pritomnosti svetla skor potlaca.

3.2 Porovnanie profilov proteolytickych enzymov kmenov T. atroviride pocas
povrchovej kultivacie za roznych svetelnych podmienok

Meranie zmien intenzity SPA s azokazeinom ukazalo, Ze t&inok svetla na syntézu
protedz pocas vyvoja kmenov T.atroviride nie je uniformny, ale sa lisi (Obr. 6).
Porovnanim SPA pre Studované kmene T.atroviride sa ukazalo, ze kmen F-534
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najcitlivejsie reaguje na svetlo vo vztahu ku syntéze proteaz, s ¢im velmi dobre koreluje aj
vysledok zymografie (obr. 7). Stimulaény téinok svetla na intenzitu SPA sa pozoroval aj
v pripade kmena IMI206040, hoci v ovela mensej miere ako u kmena F-534. Stimulacny
efekt svetla na aktivitu prevazne vysokomolekulovych proteolytickych enzymov sa u IMI
206040 prejavil aj na zymograme. Hodnotenie SPA na zéklade azokazeinu v pripade
kmetia LU132 odhalilo, Ze svetlo méa skor opa¢ny udinok na celkovi SPA, ako
u predchadzajticich kmeriov, atlmi celkovii SPA. Rovnaké rozdiely medzi profilom
proteolytickych aktivit ziskanych z mycélia LU132 kultivovaného za tmy a svetla sa
pozorovali aj na zymograme. Kde boli rozdiely v intenzite PA v tmavej kulture oproti
svetlej kultire ovela vyraznejsie.

400 :
I (mavi kontrola

B svetlo

300

200

SPA /%

100 +

1 2 3

Trichoderma atroviride

Obrdzok 6: Porovnanie celkovej specifickej proteolytickej aktivity homogendtov pripravenijch
z povrchového mycélia kmeriov Trichoderma atroviride F-534 (1), IMI206040 (2) a LU132 (3).
SPA je vyjadrend v %, ako percento z kontroly (tmavd kontrola je povaZovand za 100% SPA). Na
porovnanie sa pouili SPA ziskané pre 4. diiové kultiiry.
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Obrizok 7: Zymografickd analyza PA homogendtov pripravenyjch z réznych kmesiov Trichoderma
atroviride (F-534, IMI1206040, LU-132) kultivovamyjch za tmy alebo svetla.

3.3 Charakterizacia typu proteolytickych enzymov

Nasou snahou bolo charakterizovat aj katalyticky typ proteaz, ktoré sa prednostne
tvoria pocas kultivacie T. atroviride F-534 za svetla a za tmy. Na tento experiment sa
vyuzilo viacero znamych inhibitorov proteaz, (PMSF, pCMB, EDTA a pepstatin A)
a sledoval sa ich tc¢inok na PA pomocou zymografie. Hoci sa urcité rozdiely v intenzite
PA na zymografickom gély medzi kontrolou a gélmi vystavenymi pdsobeniu tychto
inhibitorov pozorovali, iba v pripade PMSF doslo ku kompletnej inhibicii PA. Tento typ
proteazy pritomny v tmavej kontrole patri medzi proteazy serinového typu. V ostatnych
pripadoch posobenia inhibitorov nedoslo ku vyraznejSim zmendm v intenzite PA.
Na zaklade ziskanych vysledkov zymografie sa zda, ze proteolyticky profil ziskany
pre mycelidlne homogenaty F-534, sa zvelkej casti formuje uz pocas samotnej
elektroforetickej separacie, kedy inhibitory este neboli pritomné. Preto ich ucinok, pocas
inkubacie sgélom nemda vyrazny vplyv na PA enzymov inkorporovanych
v polyakrylamidovom gély. Identifikaciu vybranych bielkovinovych péasov, ktoré
na zymograme komigrovali s PA, sme sa pokusili identifikovat pomocou hmotnostnej
spektrometrie technikou peptidového mapovania a ¢iastocnou sekvenciou. Analyza
hmotnostnych spektier bielkovinovych vzoriek momentalne prebieha.
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KONTROLA PMSF pCVB EDTA PEPSTATIN A
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Obrizok 8: Porovnanie vicinku inhibitorov protedz na proteolytickii aktivitu homogendtov
T. atroviride F-534 detegovanii Zelatinovou zymografiou. Nasledovné inhibitory boli testovane
PMSF- inhibitor serinovych protedz (1 mM), pCMB- inhibitor cysteinovych protedz (1 mM),
EDTA- inhibitor metaloprotedz (1 mM) a pepstatin A- inhibitor aspartitovyjch protedz (1 pM).
Cervenou $ipkou je vyznadené miesto inhibovaného pdsu.
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Obrizok 9: Hmotnostné spektrum bielkovinového pdsu vyrezaného
z polyakrylamidového gélu (po elektroforéze homogendtu mycélia T. atroviride F-534 kultivovaného
za svetla) a komigrujiiceho s pasom PA na zymograme. Bielkovina bola Stiepend s trypsinom
a analyzovand MALDI-TOF.

4 Zaver

Sledovanim proteolytickej aktivity a zymografickou analyzou homogenatov
pripravenych z mycélia T. atroviride (F-534 a IMI206040) v réznych vyvojovych stadiach
rastu a kultivovanych za rdznych svetelnych podmienok sme zistili, Ze svetlo indukuje
tvorbu vysokomolekulovych proteolytickych enzymov, ktoré sa za tmy produkuju
v obmedzenej miere. Vynimkou bol kmen T. atroviride LU132, v pripade ktorého svetlo
malo skor opaény ucinok, ¢o indikuje, Ze ucinok svetla na produkciu protedz nie je
univerzalny a aj v rdmci tohto druhu existuju zna¢né rozdiely. Napriek tomu, Ze citlivost
mycelidlnych homogenatov na inhibitory proteaz boli nepatrné, zo zmien intenzity
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proteolytickej aktivity na zymografickom gély je zrejmé, ze T. atroviride produkuje

viacero typov protedz, ktoré sa lisia v zavislosti od svetelného rezimu.
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Izolacia DNA z rastlinného pletiva v pozadovanej kvalite je velmi kom-
plikovand, hlavne z d6vodu pritomnosti latok, ktoré mozu interferovat pri ampli-
fikacii DNA. Tymito latkami st hlavne polyfenoly, polysacharidy, proteiny a rozne
farbiva. Chemickd rdznorodost takychto latok méze maf vyznamny vplyv na
vytazok a kvalitu DNA pri pouZiti jedného izolacného postupu. Hlavnym ciefom
prace bolo vyhodnotit pouZzitie jedného izola¢ného protokolu u pribuznych matric
na kvalitu izolovanej DNA ako aj zhodnotenie vplyvu inhibitorov izolovanych
spolu s nukleovou kyselinou na jej amplifikdciu v polymerazovej retazovej reakcii
(PCR).

DNA bola izolovana z troch potravinarskych produktov papriky (Capsicum an-
nuum) :susend paprika sladka, suSend paprika pikantna a Zitavska paprika sladka.
V prvej faze bolo pletivo homogenizované s pouzitim lyzacného roztoku s cetyl
trimetyl aménium bromidom (CTAB). Nasledne bola DNA purifikovana pomocou
reverzibilnej adsorbcie na magnetické nosice. Celkom bolo testovanych Sest rozne
modifikovanych nosic¢ov. Koncentracia a istota ziskanej DNA bola stanovena spe-
ktrofotometricky meranim absorbancie roztoku DNA v TE pufre. Kvalita rastlin-
nej DNA bola overend amplifikdciou v PCR. Boli pouzité priméry Specifické pre
rastlinnt ribozomalnu DNA (rDNA). Priméry F_18S a R_5,85 amplifikovali tiseky
intragenového transkribovaného medzerniku (ITS1) o dizke 700 bp. Pritomnost
a spravna velkost produktov PCR bola dokazana agarézovou gélovou elektro-
forézou.

Bolo zistené, Ze pouzitou mikrometddou je mozné izolovat DNA odpoveda-
jucej Cistoty, ktora je vhodna pre genetickti analyzu pomocou PCR. Boli zistené
rozdiely medzi magnetickymi nosi¢mi, ktoré boli testované pre izolaciu DNA.

Klucové slova: paprika, izolacia DNA, magnetické castice, PCR
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1 Uvod

Vplyvom rdznych faktorov (pH, pritomnost réznych mikroorganizmov, oxida¢no
redukény potencial, teplota, zdrzna doba) sa rozlozi v kanalizacii lem mala cast lieciv a
drog. Na (distiarnach odpadovych vod sa na mechanickom stupni odstranuji tuhé
necdistoty, piesok a tuky. Nasledne sa odpadova voda disti biologicky. Na biologickom
stupni sa odstrafiuji amoniak, fosfore¢nany, dusicnany, cukry, tuky a bielkoviny
s vysokou tcinnostou. V sticasnej dobe je na biologickom stupni velky problém odstranit
mikropolutanty (pesticidy, lie¢iv4, drogy a iné latky)!. Vody obsahujtiice mikropolutanty
mozu kontaminovat vodny ekosystém, v ktorom sa mikropolutanty mézu akumulovat
v bunkach Zivocichoch?.

Droga je akdkolvek latka, upravend surovina nerastného, rastlinného alebo
zivoc¢isneho povodu, ktora je, po vstupe do zivého organizmu, schopnd zmenit jednu
alebo viac jeho funkcii. Podla tejto definicie mozno za drogy povazovat vsetky prirodné,
polosyntetické a syntetické latky, ktoré akymkolvek spdsobom vpravené do organizmu
mozu za urditych okolnosti vyvolat chorobny stav - zavislost, psychicku alebo fyzicku
tym, ze ucinkujuii priamo alebo nepriamo na centralny nervovy systém3.

2 Experimentdlna cast

2.1 Odber vzoriek a ich analyza

Odber vzoriek na monitoring a spotrebu vybranych piatich psychoaktivnych latok
prebiehala na 3 ¢istiarfiach odpadovych véd (COV) situovanych na tzemi Ceskej
republiky. Vzorky boli odoberané na pritoku na Cdistiaren pomocou automatického
odberového zariadenia (24-hodinové zlievané vzorky v c¢ase od 7:00 do 7:00). Odber
vzoriek a ich analyzovanie prebiehalo od jula do septembra 2014. Ziskane vzorky boli
v prvom kroku zamrazené na teplotu -4°C a nasledne prevezené do laboratéria. V dalsom
kroku boli vzorky analyzované pomocou pristroja LC — MS/MS.
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Analyza vzoriek: k 10 ml homogenizovanej a filtrovanej (filter GFC, 0,45 pm) vzorke
boli pridané izotopovo znacné interné Standardy. Takto predupravené vzorky boli
analyzované v systéme SPE HPLC v tandeme s hybridnym quadrupolovanym (Orbitrap)
— ultra citlivym hmotnostnym spektrometrom. Tento postup umozniuje kvantitativne
analyzovat vybrané psychoaktivne latky resp. ich metabolity v odpadovych vodach vo
vel'mi nizkych koncentraciach (jednotky ¢i desiatky ng 1)

Obrazok 1. Orbitrap — Thermo Ficher

2.2 Vysledky a diskusia

Grafy ¢. 1 - 6 popisuju ¢asovy priebeh zmeny mnozstva latok kotinin, amfetamin,
MDA, metamfetamin, kokain a THC — COOH v odpadovych vodach. Najvyssie hodnoty
latky kotinin boli detegované na COV Zubii, kde zataZenia na 1000 obyvatelov sa
pohybovali v rozmedzi od 1 100 do 1 900 mg d-' 1 000 obyvatelov-'. Najnizsie hodnoty boli
namerane v COV Valasské Medzitici ( od 420 do 980 mg d-! 1 000 obyvatelov-1).

Pre latky amfetamin a metamfetamin bolo pocas celého tyzdma zaznamenané
priblizne rovnaké mnozZstvo zatazenia. Najvyssie zatazenie bolo namerané v pondelok na
COV Zubi#i pre latku amfetamin 23 mg d-! 1000 obyvatelov a pre metamfetamin 264 mg
d1 1000 obyvatelov. Naopak najniZSie zataZenie bolo detegované na COV Valasské
Medzifici v stredu pre latku amfetamin 9 mg d-' 1000 obyvatelov! a pre metamfetamin
168 mg d-1 1 000 obyvatelov-'.

Latka MDA bola zistend iba u dvoch z troch sledovanych COV tj. COV Valasské

vvvvv
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v nedelu, kedy zataZenie nadobudlo hodnotu 8,3 mg d-! 1000 obyvatelov-!. V tento den
v okoli COV Valagské Medzifi¢i prebiehal festival s nazvom Gula Fest.

Latka kokain sa vyskytovala pocas celého tyzdiia iba v COV Valagské Medzifidi a
COV Vsetin. V niektoré dni zataZenie latky kokain bolo pod detekénym limitom.

Latka THC — COOH bola pocas celého tyzdia namerana v rozmedzi od 18 do 68 mg
d11 000 obyvatelov, najvyssia davka bola detegovand v stredu na COV Vsetin.

V dtioch od 18.7.2014 do 20.7.2017 prebiehal v okoli COV Valagské Medzifidi festival
s ndzvom Gulas Fest. Podas tychto dni v pritoku na COV nebolo zaznamenané zvy3ene
mnozstvo latok kotinin, amfetamin kokain a THC - COOH. Naopak zvySenému zatazeniu
doslo v pripade latok metamfetamin a MDA.

V okoli COV Zub#i v diioch 16. - 18.8.2014 prebiehal festival Vadlaalfest. Pocas
festivalu nastalo zvysenie vyskytu latok ako amfetamin, metamfetamin a THC — COOH.
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Graf ¢.1: Casovy priebeh zmeny mnozstva kotininu v odpadovych vodach
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Graf &.2: Casovy priebeh zmeny mnoZstva amfetaminu v odpadovych vodach
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Graf &.3: Casovy priebeh zmeny mnozstva MDA v odpadovych vodach
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Graf &.4: Casovy priebeh zmeny mnoZstva metamfetaminu v odpadovych vodach
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Graf ¢5: Casovy priebeh zmeny mnoZstva kokainu v odpadovych vodach
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Graf ¢.6: (Viasovjl priebeh zmeny mnozstva THC - COOH v odpadovych vodach

4 Zaver

Této préca sa zaoberd monitoringom vybranych druhov drog na pritoku COV na

a COV Vsetin. Odber vzoriek prebiehal pomocou kontinudlneho odberového zariadenia
kazdych 30 mintt pocas 24 hodin. Analyza vzoriek sa uskutocniovala pristrojom LC —
MS/MS.

Praca sa zaoberala sledovanim psychoaktivnych latok ako: kotinin, amfetamin,
MDA, metamfetamin, kokain a THC — COOH. Zo vsetkych detegovanych latok najvyssie
zatazenie bolo zistene u latky kotinin, kde sa jej mnozstvo pohybovalo v rozmedzi od 420
do 1900 mg d-!' 1000 obyvatelov-'. Najnizsie bolo detegované pre latku kokain, kedy jej
mzozstvo v niektorych dnoch bolo pod hranicou detekcie. Tento fakt moze mat za
nasledok to, Ze kokain patri medzi najdrahsie drogy*.

Z vysledkov vyplyva, ze pocas festivalu Gulas Fest bola najviac vyuzivana latka
metanfetamin v tesnom zavese za nou je latka MDA. V priebehu festivalu Vandaalfest
bolo zistené najvacsie zatazenie latkou metamfetamin. Znacény narast zaznamenali aj latky
amfetamin a THC - COOH. Na zaklade tychto vysledkov si dovolujeme tvrdit, Ze
metamfetamin je tzv. vikendovou - festivalovou drogou.
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Pri identifikaci falSovanych potravin se v posedni dobé zacinaji uplatiiovat
metody zaloZené na genetické analyze. Podminkou tispésné analyzy je dostupnost
kvalitni DNA. Izolace DNA z tepelné zpracovanych vyrobk rostlinného ptivodu
je v8ak velmi komplikovany proces. Hlavnim problémem je skutecnost, Ze rostlinné
tkané obsahuji velké mnozstvi latek, které nepfiznivé ovliviwuji kvalitu a amplifiko-
vatelnost DNA v polymerazové fetézové reakci (PCR). Jedna se pfedevsim o poly-
fenoly, polysacharidy a proteiny. Z tohoto divodu je nutné tyto latky ze vzorku
odstranit nebo alespon snizit jejich mnoZzstvi. Dalsi pfekdzkou pfi izolaci DNA je
jeji degradace, ke které dochazi béhem ptipravy a béhem tepelného zpracovani po-
travinového vyrobku.

Cilem prace byla izolace DNA za pomoci magnetickych ¢astic z tepelné zpra-
covanych potravinovych vyrobki (dZemti) vhodna pro PCR a daldi analyzy. Pro
analyzu byly vybrany rybizové dzemy, které byly pfipraveny rtznymi postupy
(pfitomnost ¢i nepiitomnost ztuzovaciho pfipravku). DZzemy byly za chladu homog-
enizovany rtiznymi postupy a ziskané homogenaty byly nasledné pouzity pro izo-
laci DNA magnetickymi ¢asticemi. Byly provedeny dva typy homogenizace — plas-
tovy kopist a stomacher. K homogenatu byl pfidan lyzacni roztok, ktery ze vzorku
odstraniuje polysacharidy a polyfenoly. Jedna se o komplexni roztok obsahujici cetyl
trimetyl amonium bromid (CTAB) s pfidavkem merkaptoethanolu. Dale byl testovan
vliv chloroform-oktanolu a izopropanolu na deproteinizaci vzorku. Po odstfedéni
komplextt CTAB s proteiny, polyfenoly a polysacharidy byla hruba frakce DNA
purifikovana vazbou na magnetické ¢astice. Byly testovany dva druhy magnetick-
ych nosicli: mikrocastice poly(hydroxyethylmethakrylat-co-glycidylmethakrylat)
P(HEMA-co-GMA) a nanocastice oxidii Zeleza pokryté poly(L-lysinem).

Izolovanda DNA byla podrobena spektrofotometrické analyze, kde byla
zjistovana jeji koncentrace a stupeni kontaminace polyfenoly a proteiny. Poté byla
testovana amplifikovatelnost DNA v reakci PCR. Pro amplifikaci byly vyuZity
primery specifické pro rostlinnou ribosomalni DNA (dvojice primerti 185_for a
5,85_rev amplifikujici podoblast ITS1). Produkty PCR s o¢ekdvanou délkou 700 bp
byly detekovany agarézovou gelovou elektroforézou. V praci bylo prokazano, ze
z dZzemfi 1ze pomoci testovanych magnetickych nosicti izolovat DNA v dostatecné
kvalité vhodné pro PCR.

Klicova slova: izolace DNA, magnetické mikrocastice, magnetické nanocastice,
PCR
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1 Uvod

Jednim z parametrii, kterym se hodnoti mira znecisténi povrchovych a
podzemnich vod, je souhrnny parametr AOX (adsorbovatelné organické halogeny), ktery
posuzuje koncentraci halogenovanych organickych sloucenin pfitomnych ve vodach.
Vyskyt halogenovanych organickych sloucenin ve vodach je obvykle vysledkem lidské
¢innosti. Nevyhodou latek typu AOX je jejich Spatna biologicka odbouratelnost a ¢asto i
vyznamna biologickd aktivita. Jednim ze zdroji AOX ve vodach je aplikace biocid
v zeméd€lstvi. Biocidy jsou prostfedky urcené k hubeni rostlinnych a zivocisnych skadct.
Pouziti biocidd jsou vystaveny vsechny slozky biosféry — vzduch, voda, ptida, rostliny
a zivocichovél. Mezi bézné pouzivané biocidni (herbicidni) pfipravky patfi latky na bazi
halogenovanych organickych kyselin, jako jsou Picloram nebo Clopyralid. Picloram (4-
amino-3,5,6-trichlorpyridin-2-karboxylova kyselina) je systémovy herbicid pouZzivany
predevsim pro regulaci rastu drevin2 Clopyralid (kyselina 3,6-dichlorpyridin- 2-
karboxylova) je selektivni herbicid pouzivany pro kontrolu rtstu Sirokolistych pleveli,
zejména bodldku a jetelovin. Clopyralid je znamy pro svou schopnost pfetrvat
v odumfelych rostlinach a kompostu3. Pfitomnost pesticidi v povrchovych a podzemnich
vodach je dtsledkem nartstu aplikace téchto chemikalii pfi zemédélskych ¢innostech.
Tento fakt pfispél k vyvoji mnoha technologii pouzitelnych k ndpravé nebo prevenci
pfitomnosti pesticidii ve vodach'*. Jedna z moZnych metod pouzitelnych pro
odstrariovani halogenovanych organickych kyselin a jejich soli z vod je pouziti iontové
vymény. Mohou byt pouzity kapalné iontoménice, tzv. iontové kapaliny®, coz jsou
organické soli (napf. nékteré kvartérni amoniové soli ReaN*X"), jejichz bod tani se pohybuje
pod teplotou 100 °C. Mezi typické vlastnosti iontovych kapalin lze zafadit mimo jiné
velmi nizkou tenzi par a nehoflavost, takZe pfi jejich aplikaci nedochazi k tinikiim
tékavych organickych latek do ovzdusi ani nehrozi pozarni rizika. Iontové kapaliny maji
schopnost vymény aniontu, pfi které dochazi ke zménam jejich fyzikalnich a chemickych
vlastnosti¢.

R4N*X- + biocid-COO-Na* — biocid-COO-NRs4* + NaCl

Pfi vyméné aniontu pouzité iontové kapaliny (obvykle halogenidu) za
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halogenovany organicky anion dochézi k poklesu polarity doprovazeného poklesem
rozpustnosti vznikajiciho iontového paru ve vodé, ¢ehoz lze vyuzit pro snadnou separaci
halogenovanych organickych kyselin a jejich soli z vodnych roztokd’. Pro dosaZeni
maximdlntho Géinku separace iontovych part halogenovanych organickych kyselin
s iontovymi kapalinami lze aplikaci iontovych kapalin kombinovat s koagulaci a flokulaci
s pouzitim levnych Zelezitych nebo hlinitych soli. Ty zlepsuji separovatelnost vznikajiciho
iontového paru, ktery je sorbovan na vlo¢ky vznikajictho Fe(OH)s nebo Al(OH)s, coz
umoznuje snadnou separaci vznikajicich iontovych parti sedimentaci”.

BéZzné pouzivanou technologii k odstrafiovani organickych halogenovanych
znecistujicich latek z vod je adsorpce na aktivni uhli. Samotné adsorpce na aktivni uhli 1ze
proto vyuzit i pro separaci biocidnich latek na bazi halogenovanych organickych kyselin
zvod®. Nevyhodou aktivniho uhli je jeho mald polarita, proto je ucinnost sorpce
halogenovanych organickych kyselin ovliviiovana hodnotou pH vod natékajicich do
procesu sorpce, pficemz optimalni pro adsorpci je pH v oblasti 2-3, pfi vyssich hodnotach
pH velmi vyrazné klesd ucinnost sorpce. Tuto nevyhodu lze eliminovat tvorbou
iontovych pari biocid-COONR«*, které maji vyrazné nizsi polaritu nez ptvodni sfil
halogenované organické kyseliny (biocid-COO-Na*), takze jsou ucinné sorbovany i na
aktivni uhli v Sirokém rozsahu pH.

2 Experimentalni cast

Cilem prace bylo ovéfeni schopnosti odstranéni Picloramu (4-amino-3,5,6-
trichlorpyridin-2-karboxylova kyselina) a Clopyralidu (kyselina 3,6-dichlorpyridin- 2-
karboxylova) z vodnych roztokii pomoci iontovych kapalin jako je napfiklad Aliquat 336,
benzalkonium chlorid, dilauryldimethylamonium bromid, didecyldimethylamonium
bromid, alkyldimethylbenzylkonium chlorid nebo cetyltrimethylamonium bromid. Bylo
testovano vyuziti téchto iontovych kapalin spolu s aktivnim uhlim nebo kiemelinou. Byly
téz provedeny experimenty vyuzivajici kombinaci ptisobeni iontové kapaliny
a anorganického koagulantu jako je siran zelezity nebo hlinity. Pro porovnani byly
provedeny i experimenty, kdy byla separace biocidnich latek zvod testovana bez
iontovych kapalin pomoci aktivniho uhli. Utinnost jednotlivych procest separace téchto
dvou herbicidi byla hodnocena na zakladé stanoveni parametru AOX ve vodnych
vzorcich.

2.1 Chemikalie a material

Byly pouzity tyto chemikalie a materidl: praskové aktivni uhli Silcarbon CW 20,
granulované aktivni uhli Hydraffin CC 8x30, kfemelina, hydroxid sodny (pecickovy),
Aliquat 336, benzalkonium chlorid (BAC), dilauryldimethylamonium bromid (DDAB),
didecyldimethylamonium bromid (DDAB), alkyldimethylbenzylkonuim chloridu
(ADBAC), cetyltrimethylamonium bromid (CTAB), siran Zelezity, siran hlinity, Picloram,
Clopyralid (piipravek Lontrel).

2.2 Laboratorni potieby

Ke stanoveni parametru AOX ve vodach pfed a po separaci biocidli byl pouzit
analyzator AOX Multi X 2500 (Analaytic Jena AG). Déle bylo pouzito bézné laboratorni
vybaveni: elektromagnetické michadlo, Starfish ndstavec, barky, kadinky, pipety,
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odmeérné valce, odmérné bariky, analytické vahy, filtracni papir, nalevky, Erlenmeyerovy
bariky, sklenéné lahvicky se zabrusem, chloralkalciové trubice plnéné granulovanym
aktivnim uhlim.

2.3 Separace Picloramu

Pro provedeni jednotlivych technik separace Picloramu zvod byl pouzit
zasobni roztok 0,1 mM Picloramu rozpusténého v 0,5 mM vodném roztoku NaOH. Do
litrové odmérné bariky bylo piedloZeno 0,49 g Picloramu a pfidano 0,48 g pecickového
NaOH. Dale bylo pfiddno 800 ml demineralizované vody a po rozpusténi latek na vodni
lazni pfi 70 °C byla bartika doplnéna vodou po rysku. Z tohoto pfipraveného roztoku
Picloramu bylo odebrano 30 ml a k tomu bylo pfidano 30 ml vody. V takto zfedéném
roztoku byl stanoven parametr AOX pro porovnani ucinnosti jednotlivych metod (viz tab.
1, experiment 0).

Sorpce na aktivni uhli

Byly provedeny dva experimenty s pouzitim samotného praskového nebo
granulovaného aktivniho uhli:

Do prvni 250ml kulaté banky s michadélkem byly navazeny 2 g praskového
aktivniho uhli a nasledné pfidano 50 ml zdsobniho roztoku 0,1 mmol Picloramu
rozpusténého v 0,5 mmol NaOH a 50 ml demineralizované vody. Tato reakéni smés byla
michana na elektromagnetickém michadle po dobu 60 minut pii 400 otackach. Nasledné
byla zfiltrovana pies skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 1, experiment 1).

Do druhé 250ml kulaté bariky s michadélkem byly navazeny 2 g granulovaného
aktivniho uhli a nasledné pfidano 50 ml zasobniho roztoku 0,1 mmol Picloramu
rozpusténého v 0,5 mmol NaOH a 50 ml demineralizované vody. Tato reakéni smés byla
michana na elektromagnetickém michadle po dobu 68 minut pfi 400 otackach. Nasledné
byla zfiltrovana pies skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 1, experiment 2).

Aplikace iontovych kapalin s naslednou adsorpci na aktivni uhli

Byly  provedeny tfi  experimenty  aplikace  iontovych  kapalin
(dilauryldimethylamonium bromidu, Aliquatu 336 a benzalkonium chloridu) s naslednou
adsorpci na praskové ¢i granulované aktivni uhli:

Do prvni 250ml kulaté banky s michadélkem byly navazeny 2 g praskového
aktivniho uhli a nasledné pfiddano 50 ml zasobniho roztoku 0,1 mmol Picloramu
rozpusténého v 0,5 mmol NaOH, 20 ml 5mM roztoku dilauryldimethylamonium bromidu
a 30 ml demineralizované vody. Tato reak¢ni smés byla michana na elektromagnetickém
michadle po dobu 65 minut pfi 400 otackach. Nasledné byla zfiltrovana pfes skladany
filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 1,
experiment 3).
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Do druhé 250ml kulaté bariky s michadélkem byly navazeny 2 g praskového
aktivniho uhli a 0,08 g Aliquatu 336. Nasledné bylo pfidano 50 ml zasobniho roztoku 0,1
mmol Picloramu rozpusténého v 0,5 mmol NaOH a 50 ml demineralizované vody. Tato
reakéni smés byla michana na elektromagnetickém michadle po dobu 63 minut pfi 400
otackach. Nasledné byla zfiltrovana pres skladany filtr. V ziskaném vodném filtratu bylo
provedeno stanoveni parametru AOX (viz tab. 1, experiment 4).

Do tfeti 250ml kulaté bariky s michadélkem byly navaZeny 2 g granulovaného
aktivniho uhli a ndsledné priddano 50 ml zdsobniho roztoku 0,1 mmol Picloramu
rozpusténého v 0,5 mmol NaOH, 0,3 ml 80mM roztoku benzalkonium chloridu a 50 ml
demineralizované vody. Tato reakéni smés byla michdna na elektromagnetickém
michadle po dobu 70 minut pfi 400 otackach. Nasledné byla zfiltrovana pfes skladany
filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 1,
experiment 5).

Aplikace smési iontovych kapalin v kombinaci se siranem Zelezitym

Do 250ml kulaté bariky s michadélkem bylo odméfeno 50 ml zasobniho roztoku
0,1 mmol Picloramu rozpusténého v 0,5 mmol NaOH. Nasledné bylo do bariky pfidano
0,5 ml 10mM smésného vodného roztoku Aliquatu s 100mM benzalkonium chloridem
rozpusténym v 0,4M roztoku siranu Zelezitého. Dale bylo do reakéni smési ptidano 49,5
ml demineralizované vody. Tato reakéni smés byla michana na elektromagnetickém
michadle po dobu 75 minut pii 400 otackach. Nasledné byla zfiltrovana pres skladany
filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 1,
experiment 6).

2.4 Separace Clopyralidu

Pro provedeni jednotlivych technik separace Clopyralidu z vod byl pouzit
zasobni roztok 0,1 mmol Clopyralidu (10mM roztok pripravku Lontrel). U tohoto roztoku
Clopyralidu byl stanoven parametr AOX pro porovnani ti¢innosti jednotlivych metod (viz
tab. 2, experiment 0).

Aplikace koagulanti v kombinaci s aktivnim uhlim

Byly provedeny ctyfi experimenty aplikace koagulantti (siran hlinity ¢i Zelezity)
snaslednou adsorpci na praskové aktivni uhli:

Do prvni 250ml kulaté banky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pripravku Lontrel a 1 ml 0,4 M vodného roztoku Fe2(SOu)s. V této reakéni smési
byla zméfena hodnota pH, ktera cinila 4,2. Proto bylo pH upraveno 1,6 ml 10% roztoku
NaOH na hodnotu pH 8,8. Dale byl k reakéni smési navazen 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michdna na elektromagnetickém michadle po dobu 75 minut pfi 400 otackach. Nasledné
byla zfiltrovana pres skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 1).

Do druhé 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pfipravku Lontrel a 2 ml 0,4M vodného roztoku Fe2(SOu)s. V této reakéni smési
byla zméfena hodnota pH, ktera ¢inila 3,3. Proto bylo pH upraveno 2,7 ml 10% roztoku
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NaOH na hodnotu pH 10,1. Dale byl k reakéni smési navazen 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michdna na elektromagnetickém michadle po dobu 65 minut pfi 400 otackach. Nasledné
byla zfiltrovana pfes skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 2).

Do treti 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pfipravku Lontrel a 1 ml vodného roztoku 0,4M Al2(SOs)s. V této reakéni smési
byla zméfena hodnota pH, ktera ¢inila 4,18. Proto bylo pH upraveno 1 ml 10% roztoku
NaOH na hodnotu pH 6,08. Dale bylo k reakéni smési navazeno 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michdna na elektromagnetickém michadle po dobu 68 minut pfi 400 otackach. Nasledné
byla zfiltrovana pfes skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 3).

Do ctvrté 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pfipravku Lontrel a 2 ml vodného roztoku 0,4M Al2(SOs)s. V této reakéni smési
byla zméfena hodnota pH, ktera ¢inila 3,99. Proto bylo pH upraveno 1,55 ml 10% roztoku
NaOH na hodnotu pH 5,11. Dale bylo k reakéni smési navazeno 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michédna na elektromagnetickém michadle po dobu 65 minut pfi 400 otackach. Nasledné
byla zfiltrovana pfes skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 4).

Aplikace iontovych kapalin v kombinaci s kiemelinou

Byly provedeny tii experimenty vyuzivajici kiemelinu spolu siontovymi
kapalinami (Aliquat 336, benzalkonium chlorid nebo cetyltrimethylamonium bromid):

Do prvni 250ml kulaté banky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pifipravku Lontrel. Dale bylo do bariky pfidano 0,45 g Aliquatu 336, 2,1 g
kfemeliny a 90 ml demineralizované vody. Tato reakéni smés byla michana na
elektromagnetickém michadle po dobu 61 minut pii 400 otackach. Nasledné byla
zfiltrovana pres skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 5).

Do druhé 250ml kulaté bariky s michadélkem bylo odméteno 10 ml roztoku 10
mM roztoku piipravku Lontrel. Dale bylo do barky piidano 1,98 g kfemeliny, 0,2 ml
smésného vodného roztoku 0,4 M benzalkonium chloridu s 0,1 M Aliquatem 336 a 90 ml
demineralizované vody. Tato reakéni smés byla michana na elektromagnetickém
michadle po dobu 65 minut pfi 400 otackach. Nasledné byla zfiltrovana pfes skladany
filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 2,
experiment 6).

Do treti 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pripravku Lontrel. Déle bylo do barky pfidano 2 g kiemeliny, 0,6 ml smésného
vodného roztoku 0,1 M cetyltrimethylamonium bromidu s 0,05 M Aliquatem 336 a 90 ml
demineralizované vody. Tato reakéni smés byla michana na elektromagnetickém
michadle po dobu 71 minut pfi 400 otackach. Nasledné byla zfiltrovana pres skladany
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filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 2,
experiment 7).

Aplikace iontovych kapalin v kombinaci s koagulanty a naslednou adsorpci na aktivni
uhli

Byly provedeny Cctyfi porovnavaci experimenty vyuziti iontovych kapalin
v kombinaci s koagulanty a naslednou adsorpci na praskové aktivni uhli:

Do prvni 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pfipravku Lontrel a 1 ml roztoku obsahujiciho 0,05 mol Al2(SO4)s (tj. 0,2M roztok)
a 0,025 mol alkyldimethylbenzylamonium chloridu (tj. 0,1M roztok). V této reakéni smési
byla zméfena hodnota pH, ktera ¢inila 4,18. Proto bylo pH upraveno 1,4 ml 10% roztoku
NaOH na hodnotu pH 5,7. Déle byl k reakéni smési navazen 1 g praskového aktivniho
uhli, pfidan 1 ml04M roztoku Alx(SOs)s. Tato reakéni smés byla doplnéna
demineralizovanou vodou na objem 100 ml a byla michdna na elektromagnetickém
michadle po dobu 66 minut pii 400 otackach. Nasledné byla zfiltrovana pies skladany
filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 2,
experiment 8).

Do druhé 250ml kulaté bariky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku pfipravku Lontrel a 1 ml roztoku obsahujiciho 0,05 mol Al2(SOa)s (tj, 0,2M roztok)
a 0,025 mol alkyldimethylbenzylamonium chloridu (tj. 0,1M roztok). V této reakéni smési
byla zméfena hodnota pH, ktera ¢inila 4,27. Proto bylo pH upraveno 0,5 ml 10% roztoku
NaOH na hodnotu pH 5,04. Dale byl k reak¢ni smési navazen 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michana na elektromagnetickém michadle po dobu 62 minut pfi 400 otackach. Nasledné
byla zfiltrovana pies skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 9).

Do tfeti 250ml kulaté barky s michadélkem bylo odméfeno 10 ml 10 mM
roztoku piipravku Lontrel a 1 ml 10mM smésného vodného roztoku Aliquatu s 100 mM
benzalkonium chloridem rozpusténym v 0,4M roztoku Fe2(SOus)s. V této reakéni smési byla
zméfena hodnota pH, ktera cinila 3,09. Proto bylo pH upraveno 3,2 ml 10% roztoku
NaOH na hodnotu pH 6,38. Dale byl k reak¢ni smési navazen 1 g praskového aktivniho
uhli. Tato reakéni smés byla doplnéna demineralizovanou vodou na objem 100 ml a byla
michéana na elektromagnetickém michadle po dobu 68 minut pfi 400 otackach. Nasledné
byla zfiltrovana pies skladany filtr. V ziskaném vodném filtratu bylo provedeno stanoveni
parametru AOX (viz tab. 2, experiment 10).

Do ctvrté 250ml kulaté banky s michadélkem bylo odméfeno 10 ml roztoku 10
mM roztoku piipravku Lontrel a 1 ml roztoku Alx(SOs)s. V této reakéni smési byla
zméfena hodnota pH, ktera ¢inila 1,9. Proto bylo pH upraveno 2,7 ml 10% roztoku NaOH
na hodnotu pH 6,2. Dale byl kreakéni smési pfidan 1 ml 0,05M roztoku
didecyldimethylamonium bromidu rozpusténého v 0,4M roztoku Alx(SOs)s. Dale byl k
reakéni smési navazen 1 g praskového aktivniho uhli. Reakéni smés byla doplnéna
demineralizovanou vodou na objem 100 ml a byla michdna na elektromagnetickém
michadle po dobu 68 minut pfi 400 otackach. Nasledné byla zfiltrovana pres skladany
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filtr. V ziskaném vodném filtratu bylo provedeno stanoveni parametru AOX (viz tab. 2,
experiment 11).

3 Vysledky

Vsechna ziskand data ze stanoveni parametru AOX pfed a po separaci
Picloramu a Clopyralidu z vod jsou uvedena v nasledujicich tabulkach 1 a 2.

Tabulka 1: Vyjsledné hodnoty méreného parametru AOX pfii separaci Picloramu

Cislo Odstraiiovany biocid+pouzita &inidla AOX

experimentu [mgl/l]
0 Zasobni roztok Picloramu 63,7
1 Picloram + praskové AU 3,11
2 Picloram + granulované AU 52,9
3 Picloram + praskové AU + DDAB 8,73
4 Picloram + praskové AU + Aliquat 336 8,46
5 Picloram + granulované AU + BAC 29,2
6 Picloram + roztok Aliquatu s BAC rozp. v Fey(SOa)s 0,08

Tabulka 2: Vysledné hodnoty méreného parametru AOX pri separaci Clopyralidu

C|_s|o Odstranovany biocid+pouzita ¢inidla AOX
experimentu [mg/l]
0 Zasobni roztok Lontrelu 81,3

1 Lontrel + 1 ml Fey(SO4); + praskové AU 8,15

2 Lontrel + 2 ml Fe,(SO4); + praskové AU 1,45

3 Lontrel + 1 ml Aly(SO,); + praskové AU 5,89

4 Lontrel + 2 ml Aly(SO,); + praskové AU 1,12
5 Lontrel + Aliquat 336 + kiemelina 13,30

6 Lontrel + BAC s Aliquatem + kfemelina 66,28

7 Lontrel + CTAB s Aliquatem + kifemelina 61,78

Lontrel + roztok ADBAC s Al(SQO4); + 1 ml Alx(SOs)s
8 el 1,15
praskové AU
9 Lontrel + roztok ADBAC s Aly(SO4); + praskové AU 1,73
Lontrel + Aliquat s BAC rozp. v Fey(SQO4); + praskové
10 36,1
AU
Lontrel + DDAB rozp. v Aly(SO4); + Al(SO4)3 +
11 el 1,79
praskové AU
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4 Zavéry

Jako nejucinnéjsi separace Picloramu z vodného roztoku se dle vysledki jevi
pouziti smésného vodného roztoku Aliquatu a benzalkonium chloridu spolu s pouzitim
koagulantu Fe2(SOs)s a aktivniho uhli. V tomto prfipadé byl parametr AOX sniZen o
99,8 %. Naopak nejméné ucinna byla separace Picloramu adsorpci na granulované aktivni
uhli. Zde bylo za pouzitych podminek dosaZeno pouze 17% tcinnosti. Dle pfedpokladu
mélo pouziti praskového uhli za srovnatelnych podminek vyrazné lepsi sorpéni efekt.
Jako relativné efektivni se jevi pfidavek Aliquatu 336 nebo dilauryldimethylamonium
bromidu v kombinaci s praskovym aktivnim uhlim.

U Clopyralidu byla nejefektivnéjsi separace svyuZzitim iontové kapaliny
alkyldimethylbenzylkonium chloridu s pfidavkem koagulantu siranu hlinitého a
praskového aktivniho uhli. Nejméné ucinné metody sniZzeni parametru AOX u vodného
roztoku Clopyralidu byly s pouzitim kfemeliny v roli levného polarniho sorbentu.

Prokazali jsme, Ze pro odstratiovani biocidi na bazi halogenovanych kyselin
zvod je mozné pouzit i levné, bézné komercéné dostupné iontové kapaliny, jaké byly
pouzity v této studii. P¥i pouziti smésnych roztokit iontovych kapalin s anorganickymi
koagulanty, nékdy téz s pfidavkem malého mnozstvi praskového aktivniho uhli, lze
dosahnout velmi vysoké ti¢innosti odstranéni biocidu z vod, coz umozriuje vyrazné snizit
spotiebu pomérné drahého aktivniho uhli pro udinné vycisténi vod kontaminovanych
chlorovanymi pyridinkarboxylovymi kyselinami.
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Anaerdbne spracovanie vypalkov
z vyroby liehu
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Praca sa zaobera spracovanim vypalkov pri vyrobe liehu v anaerébnom pro-
stredi. Ziadanym produktom je bioplyn, ktorého hlavné zlozky st metén a oxid
uhlicity. Jeho spalovanie prispieva k vylepSeniu ekonomickej bilancie liehovaru.

Vypoctova Cast sa zaobera navrhom anaerdbneho reaktora pre konkrétny lie-
hovar, ktory spracovava vedlajsi produkt pri vyrobe liehu - vypalky. Vypocet zaht-
fa objem a rozmery reaktora, mnozstvo vzniknutého bioplynu, vypocet tepelnych
strat a tepla potrebného na ohrev substratu, energetické vyuzitie bioplynu na vy-
robu vysokotlakovej pary a alternativne rieSenie vyuzitia — spracovanie v kogene-
racnej jednotke a jej ndvrh. V praci je taktiez opisané mozné nakladanie s kalovou
vodou a su vyzdvihnuté vyhody jej vyuzitia ako hnojiva. V zavere st porovnavané
energetické vytazky 3 spdsobov spracovania kukurice — pri priamej vyrobe bioply-
nu z kukurice, pri vyrobe liehu z kukurice a pri kombinacii vyroby liehu z kukurice
so spracovanim vypalkov.

Kltacové slova: bioplyn, anaerdbne spracovanie, vypalky
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Vyuziti vyliski z vyroby vina pro
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S rozvojem tézkého primyslu se v poslednich letech stale vice zvySuje riziko znecisténi
zivotniho prosttedi tzv. téZkymi kovy, které na rozdil od dalsich polutanti nejsou biodegrad-
abilni a zfistavaji dlouhou dobu v Zivotnim prostfedi. K znecisténi Zivotniho prosttedi kovy
nejcastéji dochazi prostiednictvim odpadnich primyslovych vod, které jsou Spatné vycistény
nebo pfimo vypoustény do povrchovych vod.

Mezi obvyklé zptisoby odstrariovani kovii z odpadnich vod patii zejména sraZeni, elek-
trolyza, iontova vyména a adsorpce na aktivnim uhli. Tyto metody jsou vSak v primyslovém
méfitku po technické i ekonomické strance velmi ndrotné, proto se pozornost zacina ob-
racet na mozné vyuziti biomasy z potravinafského primyslu jako levné dostupného ad-
sorbentu. Jen vinné révy se rocné sklidi pres 60 miliont tun, z éehoz je asi 80 % vyuzito na
vyrobu vina, pfi které vznika kolem 9 miliont tun vyliskd, jejichz chemicka struktura je
bohata na rtiznorodé funkéni skupiny, které mohou vazat kovové ionty. Odpadni biomasa
z potravindiského priimyslu se tak miize stat dobrou alternativou misto finanéné naklad-
nych syntetickych adsorbentii pouZivanych k ¢isténi odpadnich vod.

Méd je dlilezitym biogennim prvkem nezbytnym jednak_pro krvetvorbu a také tvoit
soucast koenzymii. PfestoZze méd nepatii mezi vyznamné toxické prvky, tak pii dlouhodobé
expozici miize dojit k akutni otravé médnatymi ionty, kterd miiZe vyustit az v cirhdzu jater.
Vysokoy obsah médi v organismu miize taktéZ plisobit jako inhibitor enzymatickych reakci.
Nejvice médi obsahuji odpadni vody ze slévarenského a galvanického priimyslu.

V této praci bylo ovéfovano potencidlni vyuziti vyliskii z vyroby vina jako snadno
dostupného prirodniho adsorbentu pro odstrariovani médi z odpadnich vod. I po vylisovani
mostu obsahuji zbylé matoliny vysoky podil organickych kyselin, cukr(i a zejména poly-
fenolickych latek, jejichz chemicka struktura umoziuje adsorpci kovovych iontti z vodnych
roztokt. Pfitomnost a charakter funkénich skupin odpovédnych za adsorpci byly zjistény
pomoc IC spektrometrie. V rdmci experimentu byla porovnana adsorpce médi na matoliny
pratokovou a vsddkovou metodou, pfi¢emz bylo nejprve stanoveno optimalni pH vodného
roztoku médi. Adsorpce vsaddkovou metodou byla provedena s roztoky médi o réiznych
pocatecnich koncentracich, u kterych byl navic sledovan také vliv kontakintho casu na
adsorpéni kapacitu pouZitého materidlu. Nejvice médi bylo na vylisky adsorbovano v roz-
mezi pH 3 -4 a pfi vsadkové metodé byly provedeny adsorpcni experimenty s kontaktnimi
casy 30, 60 a 90 minut. Maximani adsorpcni kapacity byly vypocitany z Langmuirova mod-
elu adsorpcni izotermy a pfi stanoveném pH zasobnich roztoki médi cinily 0,260 4 mg.g?*
Cu pii pratokové metodé a 1,246 2 mg.g™ Cu po 30 minutach adsorpce vsadkovou metodou.
Vysledky prace potvrdily dobry adsorpéni potencial vyliskii pro odstrafiovani médi z od-
padnich vod. Adsorpéni kapacita materidlu by se dala jesté navysit dalsi optimalizaci metody
nebo chemickym oSetfenim adsorbentu.

Kli¢ova slova: kovy, méd, odpadni voda, vylisky, Lagmuirova izoterma
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1 Uvod

Za fyziologickych podmienok (pH 7,4) kyselina hyalurénova existuje vo forme
polyaniénu oznacovaného ako hyaluronan!. V struktare hyaluronanu je pritomnych
viacero funkénych skupin (-OH, -COOH), ma unikatne biologické vlastnosti, je
biokompatibilny a biodegradabilny2. Pomocou chemickych modifikacii sa da pripravit
z nativného hyaluronanu vhodnejsi material pre dalsie aplikacie!. Zaujimavé st derivaty
hyaluronanu zalozené na esterifikacii hydroxylovych skupin. Karboxylové skupiny
zostavaju nezmenené, a preto si vzniknuté derivaty amfifilné. Amfifilné polyméry st
schopné agregovat vo vode v dosledku pdsobenia hydrofébnych interakcii. Ked su vo
vode rozpustené, vytvaraja hydrofébne domény, ktoré st schopné rozpustat hydrofébne
lie¢ivad. Kyselina cholovd je jednou zo Zl¢ovych kyselin. Vykazuje dvojaky charakter, v jej
strukture sa nachadzaju hydrofébne uhlovodikové skupiny a hydrofilné hydroxylové
skupiny. Medzi jej vlastnosti taktiez patri amfifilita, chiralita, biokompatibilita a chemicka
stabilita steroidného jadra*. Vyuzitie silno hydrofobizovaného hyaluronanu pre pripravu
nosicov nepolarnych latok vo vodnom prostredi je zaujimavou aplikaciou®.

2 Experimentalna cast

2.1 Metody

Cholat kyseliny hyalurénovej bol pripraveny dvojkrokovou syntézou. V prvom
kroku doslo kaktivacii kyseliny cholovej pomocou benzoylchloridu a trietylaminu
(Obrazok 1). Aktivovana kyselina bola pridana k vodnému roztoku kyseliny hyalurénovej
v pritomnosti trietylaminu a katalyzatoru 4-(dimetylamino)-pyridin v tetrahydrofurane
(Obrazok 2).
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Obrizok 2: Vznik choldtu kyseliny hyalurénovej

Pripravené derivaty boli rozpustené v D20. Vzniknuté roztoky boli nasledne
charakterizované pomocou 'H NMR. Roztoky derivatov v D20 boli charakterizované aj
metédami HSQC (Heteronuclear single quantum coherence) a COSY (Correlation
spectroscopy). V pripade DOSY (Diffusion ordered spectroscopy) boli derivaty
rozpustené v zmesi D20 a dIPA (BRUKER Avance™ III 500 MHz).

Derivaty boli nasledne charakterizované pomocou infracervenej spektroskopie
(Thermo Scientific Instruments NICOLET 6700 FT-IR).

Kyselina hyalurénova a derivat boli rozpustené vo fyziologickom roztoku.
Vzniknuté 5% roztoky boli podrobené reologickej analyze. (Malvern Kinexus Pro*).

Metédou SEC-MALLS (Size exclusion chromatography with multi-angle laser light
scattering) bola zistena molekulova hmotnost kyseliny hyalurénovej a derivatu.
(Agilentdegasser Model G 1379A)

Metédou HPLC (High-performance liquid chromatography) bolo stanovené
mnozstvo naviazanej aktivnej latky na vhodné pripravené derivaty (UPLC Aquity waters
s PDA detektorom a Waters Aquity UPC2, SFC s PDA detektorom).
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2.2 Vysledky a diskusia

Hydrofobizacia kyseliny hyalurénovej bola uskutocnena kyselinou cholovou za
vzniku esteru, ktory bol identifikovany pomocou infracervenej spektrometrie.
Infracervené spektrum derivatu obsahuje vela charakteristickych signalov hyaluronanu.
Okrem nich je pre derivat charakteristicky pik pri vinovom cdisle 1723 c¢m, ktory
odpoveda esterovej skupine. Pritomnost piku potvrdzuje vytvorenie kovalentnej esterovej
védzby medzi kyselinou cholovou a kyselinou hyalurénovou (Obrazok 3).
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Obrizok 3: FT-IR spektrum kyseliny hyalurénovej, kyseliny cholovej a choldtu kyseliny
hyalurénovej

V pripade vzniknutych derivatov bola skiimand miera naviazania substituentu
v zavislosti na pouzitom ekvivalente kyseliny cholovej. Vysledné stupne substitticie boli
stanovené z 'H NMR spektier. Stupen substitiicie sa zvySuje s ekvivalentom kyseliny
cholovej pouzitej na modifikaciu kyseliny hyalurénovej.

Podla HSQC spektra (Obrazok 4) je mozné odlisit skupiny s neparnym poctom
vodikov (CHs, CH) od skupin s poctom parnym (CHz). HSQC spektrum bolo pouzité na
priradenie vSetkych proténovych rezonancii esterifikovaného derivatu.

Vytvorenie vazby medzi kyselinou cholovou a kyselinou hyalurénovou bolo
potvrdené aj pomocou DOSY experimentu. DOSY experiment ukazuje podobné diftizne
spravanie pre vsetky signaly, z coho vyplyva, Ze vSetky signaly 'H NMR spektra v tejto
oblasti patria jednému strukturdlnemu komplexu (cholat kyseliny hyalurénovej).

Z COSY spektier je mozné priradit signaly v oblasti d 4,35-4,65 ppm, ktoré
odpovedaji anomérnym vodikom hyaluronanu.

Vysledky SEC-MALLS analyzy ukazuji, Ze molekulovd hmotnost derivatu bola
podobna alebo védsia v porovnani s molekulovou hmotnostou vychodiskovej kyseliny
hyalurénovej, co znamena, Ze po modifikacii nedoslo k degradacii.

Z merani viskozity vyplyva, Ze pripraveny derivat mal taktiez vyssiu viskozitu
vzhladom ku kyseline hyalurénovej, a teda dochadza k jeho agregacii vo fyziologickom

prostredi.
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Obrdzok 4: HSQC spektrum choldtu kyseliny hyalurénovej

Derivat je schopny naviazat viac ako dvojnasobné mnozstvo koenzymu Q10
v porovnani s kurkuminom. Rozdielnu rozpustnost koenzymu Q10 a kurkuminu vo vode
v porovnani s rozpustnostou ich komplexov s pripravenym derivatom taktieZ vo vode
znazornuje Obrazok 5. Tento experiment potvrdil predpoklad, Zze dochadza
k enkapsulacii hydrofébnych latok amfifilnym derivatom, v dosledku coho st komplexy
boli zistené enkapsulované mnozstvd kurkuminu a koenzymu Q10, vysledky
chromatografickej analyzy uvadza Tabulka 1.

Obrdzok 5: Rozpustnost koenzymu Q10 a kurkuminu vo vode (vlavo), rozpustnost komplexu
derivdtu s enkapsulovanym koenzymom Q10 a kurkuminom (vpravo)
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Tabul'ka 1: Porovnanie enkapsulacnej ticinnosti

Nazov derivatu hm. % Nazov derivatu hm. %
koenzym Q10 kurkumin
KV-07-CoQ10 10,65 KV-07-Cur 3,28
KV-10-CoQ10 10,83 KV-10-Cur 4,27
3 Zavery

V ramci tejto prace bola kyselina hyalurénova esterifikovana kyselinou cholovou so
stupriom substitticie do 25 %. Derivaty boli charakterizované pomocou 'H NMR spektier.
Ich Struktira bola potvrdena pomocou 2D NMR analyzy (HSQC, DOSY, COSY)
ainfracervenej spektroskopie. Pripraveny derivat mal v dosledku agregacie ocividne
vyssiu molekulovi hmotnost ako vstupna kyselina hyalurénova a bol tiez viskéznejsi.

Hydrofobizovany cholat kyseliny hyalurénovej bol pouzity ako vstupna latka
v oblasti nosi¢ovych aplikacii. Pripraveny derivat bol schopny viazat koenzym Q10
a kurkumin do nanoagregatov.
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Elastické polyuretanové (PUR) filmy boli pripravené reaktivnym liatim v jed-
nom kroku bez pouzitia organickych rozpustadiel. Nepritomnost rozpustadiel
predstavuje velkl vyhodu z dévodu ich toxicity a nasledného odstrafiovania
z vysledného produktu. Daldou vyhodou tejto techniky je moznost pripravy
komplikovanych tvarov. Syntéza PUR prebiehala pod inertnou atmosférou
polyadi¢nou reakciou z hydrofobného poly-(e-kaprolakténu) (PCL) a hydrofil-
ného poly(etylénglykolu) (PEG) spoloc¢ne s hexametylén diizokyanatom (HDI).
Praca pod inertnou atmosférou bola nutna z dévodu vedlajsej reakcie izokyanatu
so vzdusnou vlhkostou, ktora zapri¢inuje vznik poréznych filmov namiesto spo-
jitych. Strukttra pripravenych filmov bola charakterizovana pomocou diferenénej
kompenzacnej kalorimetrie (DSC) a rentgenovej difrakcie (XRD), mechanické
vlastnosti potom pomocou tahovych sktsok. Polyuretanové filmy pripravené iba
z PEGu a HDI vykazovali krehké chovanie (¢ = 40 + 8 %), zatial ¢o vzorky s vySSim
obsahom PCL boli tazné a elastické (¢ = 270 + 10 %). Pri¢inou tychto vlastnosti
bola rozdielna schopnost PCL krystalizovat v Struktire polyuretanovej siete. Pri-
pravené PUR filmy by mohli byt vdaka svojim elastickym vlastnostiam vyuzité v
biomedicine ako napr. cievne Stepy.

Kltacové slova: polyuretan, elastomér, biomedicina.
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S rozvojem molekuldrné biologickych metod se zvy3uje zdjem o nové postupy
izolace DNA o vysoké kvalité. Izolace DNA se provadi z hrubych lyzati bunék
mnoha technikami napt. fenolovou extrakci, vysolovanim nebo adsorpci na pev-
nou fazi. Klasicka izolace DNA, jakou je fenolova extrakce je pomérné sloZitad a
¢asové narocnd. Z toho diivodu byly vyvinuty nové alternativni metody izolace
DNA vyuzivajici reverzni imobilizaci DNA na pevnou fazi. Velmi rozsifené je
pouZzivani magnetickych nosict, které umoznuji izolovat DNA ve vysoké kvalité
pfimo z hrubych lyzati bunék komplexnich vzork.

Soucasnd metoda adsorpce DNA na povrch magnetickych ¢astic neposkytuje
v nékterych pfipadech pfi analyze komplexnich vzorkii (napt. potravin) dostatecné
gistou DNA. Cést inhibitorti polymerazové fetézové reakce (PCR) se zfejmé adsor-
buje na stény zkumavky a v ndsledném kroku eluce DNA dochazi k jejich uvolnéni
do roztoku a naslednému ovlivnéni kvality DNA (napf. sniZeni citlivosti amplifi-
kace v PCR).

Principem vyvijeného postupu je konstrukce zafizeni, které vyuzivd prenos
magnetickych castic paramagnetickou jehlou z jedné Eppendorfovy zkumavky
do druhé, ve které probiha dalsi zpracovani vzorku. Pfenosem pomoci jehly se
zabranuje pfenosu kontaminujicich necistot. Navrzené zafizeni umoziuje realizo-
vat vySe uvedeny postup. Funkénost zafizeni byla ovéfena pii izolaci plasmidové
pUC19 DNA.

Kli¢ova slova: izolace DNA, magnetické ¢astice, zafizeni pro pienos ¢astic
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Praca sa zaobera anaerébnym spracovanim dvoch odpadovych materidlov, a to
penicilinového mycélia, ktoré je vedIajsim produktom v procese vyroby penicilinu
a odpadovej biomasy, vznikajiicej pri produkcii L-Cystinu ako potravinarskeho
aditiva. Penicilinové mycélium ma vysokt hodnotu CHSK, tieZ obsah dusika a cel-
kovti suinu na trovni 22 az 25 %. Biomasa z vyroby cystinu obsahuje nadmerné
koncentracie organickych latok, siranov a dusika.

Prva cast prace je primarne venovand samostatnému anaerdbnemu spra-
covavaniu penicilinového mycélia v mieS§anom reaktore v objemom 6 litrov pri
mezofilnych podmienkach (37°C) a jeho vplyvu na cely proces. Uvodnych 28 dni
bolo zataZenie reaktora 0,5 g SZ.1-1 .d-1. Specificka produkcia bioplynu (SPB) sa po-
hybovala v rozmedz{ 420 az 560 1. kgSZ-1. Koncentracie volného amoniaku nepresi-
ahla v tejto faze hodnotu 28 mg.1-1 a koncentracia S2- bola maximalne 3,75 mg.l-1.

Druha ast zacala zvysenim zataZenie reaktoru na 1 g SZ1-1.d-1 v 29. dni ex-
perimentu. Tato zmena so sebou priniesla vyrazny pokles Specifickej produkcie
bioplynu aZ na hodnotu 260 1.kgVS-1. V obdobi okolo 55. dia sa reaktor pomaly
adaptoval na podmienky, SPB sa zacala zvy$ovat na hodnoty v intervale 500 az
700 1kg.SZ-1.

V tretej casti, v 86. dni, sa pristtpilo ku kofermentacii penicilinového mycélia
a biomasy z vyroby cystinu v pomere 9:1. ZataZenie reaktora sa udrziavalo stale
na hodnote 1 g SZ1-1 .d-1 . Podas nasledujticeho obdobia vysledky sledovanych
parametrov ukazali, Ze biomasa z vyroby cystinu nema pozitivny vplyv na proces.
Vyrazne zacala stpat koncentracia sulfidov (10 - 74 mg.1-1 ) a volného amoniaku
(145 - 319 mg.I-1) v reaktore, ¢o ma za nasledok postupnu inhibiciu mikroorganiz-
mov, ¢o je mozné vidief na kontinualne rasttiicej hodnote CHSK, dosahujticej kon-
centraciu az 10 000 mg.1-1 . Ku koncu tejto fazy tento ukazovatel postupne klesal.
V ukazovateli SPB je mozné vidiet, ako robilo mikroorganizmom problém pridanie
nového substratu, a to tak, Ze ukazovatel klesol z hodnét priblizne 600 1.kgSZ-1 na
250 1kgSZ-1 v 150. dni. Od tohto dtia bol trend tohto ukazovatela rastici a dosa-
hujtici cca 700 1.kgSZ-1 . V bioplyne viak vyrazne stiipla koncentrécia sulfonu na
hodnotu priblizne 5000 ppm a obsah metanu sa udrziaval tesne nad hodnotou 58
%. Napriek tomu v mnohych ukazovateloch bolo vidiet zlepsenie a postupné vy-
rovnavanie sa so zatazenim.
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V poslednej faze v 200. dni sa pomer kofermentacie zmenil z 9:1 na 8:2 (peni-
cilinové mycélium k cystinu), pricom zataZenie zostalo na 1 g SZI-1 .d-1. V
nasledujticich devétdesiatich drnioch vykon reaktora poklesol priblizne na polo-
vicu a véacsina ukazovatelov sa zacala zhorsovat, niektoré az na kritické hodnoty.
Produkcia bioplynu sa dostala z hodndt v oblasti 550 1.kgSZ-1 na hodnoty 310
1kgSZ-1. Ukazovatel CHSK jednoznacne dokazuje inhibiciu v procesoch fermen-
tacie kedze zo 6 000 mg.1-1 stipla az na 30 000 mg.1-1. Taktiez sa zvysilo mnozstvo
dusika a siry v reaktore. Prejavilo sa to v zlozeni bioplynu, ktory v sebe obsahoval
uz iba priblizne 30 % CH4 a 20 000 ppm H2S.

Napriek problémom sa da povedat, Ze odpadové materidly st pomerne Tahko
degradovatelné pomocou anaerdbnej digescie. Pri samostatnom spracovavani
mycélia bola konverzia CHSK na bioplyn rovna priemerne 56 %, kde najvyssia
hodnota konverzia bola az 89 %. V obdobi kofermentacie bol priemerny stupen
premeny na urovni 67 %. Organické latky, ktoré sa nepremenili na bioplyn, sa
odvadzali v podobe odoberaného kalu, alebo sa akumulovali v reaktore alebo boli
spotrebované na tvorbu novych mikroorganizmov. Z poslednej ¢asti prace vyply-
va, Ze pri vyssom obsahu cystinu pridavaného do procesu nastava inhibicia mi-
kroorganizmov a nie je mozné jeho kontinualne spracovavanie bez zabezpecenia
potrebnych opatreni potlacujtcich inhibiciu.
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V soucasné dobé se fesi problémy autenticity potravin. Jednim ze zptisobu
analyzy falSovani jsou metody zaloZené na analyze DNA, které se pouzivaji k de-
tekci urcitych druhti. Izolace rostlinné DNA byva komplikovana, z diivodu obsahu
celé fady rtiznych metabolitti, jako jsou polyfenoly, polysacharidy ¢i proteiny, které
muzou inhibovat v polymerazové fetézové reakci (PCR).

V této praci byla ovéfovana mikrometoda izolace rostlinné DNA z cibule,
brokolice a potravinového vyrobku (francouzska rostlinnd pomazanka) v kvalité
vhodné pro konvencéni PCR. Mikrometoda umoZznuje izolaci pomoci magnetick-
ych nosi¢ti z hrubych lyzath, ziskanych piimou homogenizaci rostlinnych tkani.
Byly porovnavany rtizné zpiisoby homogenizace a zpracovani homogenatti. De-
proteinace probihala v lyza¢nim pufru s obsahem cetyl trimetyl amonium bro-
midu (CTAB). Poté byl testovan vliv organickych extrakénich ¢inidel na nasledné
purifikacni kroky: vzorky byly rozdéleny na ¢ast bez piidavku chloroform-okta-
nolu, s pfidavkem chloroform-oktanolu a s pfidavkem chloroform-oktanolu a iso-
propanolu. Nasledné byla DNA purifikovana reverzibilni adsorpci na magnetické
nosice (testovany celkem ¢tyfi rlizné typy matrice). U izolovanych vzorkii DNA
bylo provedeno spektrofotometrické stanoveni koncentrace a Cistoty. Poté jsme tes-
tovali amplifikovatelnost DNA v reakci PCR. Byly pouzity specifické primery pro
rostlinnou ribosomalni DNA (rDNA). Podoblast ITS1 byla amplifikovana primery
18S_for a 5,85_rev poskytujici specificky produkt délky 700 bp. Podoblast genu 26S
rDNA byla amplifikovdna primery 26S_for a 26S_rev s predpoklddanou velikosti
produktu odpovidajici 220 bp. Produkty PCR byly detekovany agar6zovou gelo-
vou elektroforézou pomoci fluorescencniho interkalatoru ethidium bromidu.

Byly prokazany rozdily ve vytézku a kvalité DNA v zavislosti na zptisobu ho-
mogenizace, zpracovani homogenatti a pouZzitych magnetickych nosicti. Navrzeny
postup byl testovan pro izolaci kvalitni amplikovatelné DNA z potravinovych
produktti obsahujici rostlinny material.

Klicova slova: Izolace rostlinné DNA, mikrometoda, magnetické nosice, PCR
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Probiotické vyrobky jsou nedilnou soucasti soucasného trhu. Mezi nové
vyrobky obsahujici pfidané probiotické kultury se mimo jiné fadi také kosmetické
vyrobky.

Prace se zabyva izolaci bakteridlni DNA z kosmetickych vyrobki Ryor, Yoghurt
of Bulgaria, FeminaMed a Lactovit Activit, a to v kvalité vhodné pro amplifikaci v
PCR. DNA byla izolovdna metodou fenolové extrakce a magnetickymi nosici. Dalsi
¢ast prace se zabyva testy na schopnost preziti bakterii v prostfedi prezervacnich
latek, které jsou v kosmetickych vyrobcich obsaZeny. Pro tyto testy byly pouZity
sbirkové kmeny bakterii rodu Lactobacillus. Pfitomnost bakterii rodu Lactobacillus
byla prokazana rodové specifickou PCR a byla provedena optimalizace druhové
specifické PCR pro identifikaci Lactobacillus pentosus.

Bylo prokazano, Ze kosmetické vyrobky jsou z hlediska matrice obtizné zpra-
covatelné vzorky obsahujici latky, které mohou komplikovat izolaci DNA nebo
inhibovat samotnou PCR. Bylo také prokazano, ze DNA izolovana z vyrobkii mag-
netickymi nosici i fenolovou extrakci je vhodna pro amplifikaci v PCR specifickych
pro rod Lactobacillus a pro probiotické druhy.

Kli¢ova slova: probiotika, kosmetické vyrobky, izolace DNA, PCR
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1 Uvod

Farmaceuticky priemysel rone produkuje tisicky ton liec¢iv pre Tudi a zvierata®
v ddsledku objavovania novych chordb, zlepSovania kvality zivota, ako aj starnutim
populécie. Vyskyt takychto latok vo vodnom ekosystéme moze negativne ovplyvnit Zivot
zvierat a vodnych rastlin2.

Mnoho vedeckych prac upozornilo na to, ze odtok z Cistiarne odpadovych vod
(COV) je jeden z hlavnych zdrojov analgetik, antidepresivnych l4tok, antibiotik a roznych
druhov rezistentnych baktérii v Zivotnom prostredi3. COV pozostiva z primarneho
Cistenia zalozeného na fyzikalno-chemickom odstratiovani latok a sekundarneho cistenia
s biologickym reaktorom s aktivovanym kalom a ma obmedzent kapacitu odstraniovania
lie¢iv z odpadovych vod. K hlavnym mechanizmom odstrafiovania mikropolutantov
v systémoch s aktivovanym kalom patria biodegradacia, sorpcia na kal a vyprchavanie*.

V literatre st popisané dva hlavné sposoby biologickej degradacie
mikropolutantov. Podstatou prvého sposobu je priamy Dbiologicky rozklad
mikropolutantov frakciou biomasy, ktord je schopna ich degradacie. Pritomnost
mikropolutantov v odpadovej vode podporuje udrziavat a vyvijat Specificki biomasu.
V tejto faze dochadza k vstupu mikropolutantov do bunky, ¢o nasledne vedie k afinite
zltceniny sbakteridlnymi enzymami. Druhou alternativou je biologicky rozklad
mikropolutantov  pocas rozkladu makropolutantov. Lahko rozlozitelny organicky
substrat v podobe CHSK (chemickej spotreby kyslika) alebo amoniaku moéze slizit ako
ko-substrat a je zdrojom energie a uhlika pre biomasu®.

Cielom prace bolo definovat vplyv vybranych mikropolutantov na rychlost
odstraniovania organického znecistenia v procesoch Cistenia odpadovych vod.
V laboratérnych podmienkach boli dlhodobo sledované dva modely aktivacie. Do prvého
reaktora bol davkovany lahko rozlozitelny organicky substrat, makronutrienty (dusik a
fosfor) a lieciva napr. ibuprofen, amoxicilin, cetirizin, diklofenak o rdznej koncentracii. Do
druhého referenc¢ného reaktora bol davkovany len lahko rozloziteIny organicky substrat a
makronutienty. Na zistenie vplyvu lie¢iv na rychlost odstraniovania organického
substratu boli uskuto¢nené respirometrické merania.
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2 Experimentalna cast
2.1 Prevadzka laboratornych modelov

V laboratérnych podmienkach boli dlhodobo sledované dva modely aktivacie
s cielom postidenia vplyvu lie¢iv na odstrafiovanie organického znecistenia, ktoré bolo
realizované pomocou respirometrickych testov sadaptovanym kalom (AK) a
neadaptovanym kalom (NK) na sledované lie¢iva. Na realizaciu modelov bol pouzity kal
z COV Devinska Nova Ves. Kal bol rozdeleny do dvoch laboratérnych modelov o objeme
1 liter.

Po dobu 69 dni prebiehala adaptacia kalu, pricom pocas tejto doby boli reaktory
raz denne obsluhované. Obsluha zacinala odobranim prebytocného kalu, kvoli
zachovaniu veku kalu 20 dni. Po odobrani prebyto¢ného kalu bola aeracia modelov
zastavena, po 30 minutovej sedimentacii bola odobrana vycistend voda a nasledne
pridany novy substrat v objeme 400 ml. Substrat obsahoval 700-750 mg 11 CHSK
(metanol), 50 mg 1" N-NHsa 10 mg 1! Peelk. Pocas obsluhy bolo denne merané pH v oboch
modeloch a dvakrat tyzdenne sa realizovali testy na zistenie CHSK, N-NHs a N-NOs
v odtoku. Dvakrat do mesiaca sa uskutoctiovali testy na fosfor a susinu v reaktoroch.

V 70. den experimentu sa do jedného reaktoru zacali pridavat vybrané lieciva o
koncentracii 0,5 mg 1. Sti¢asne doslo aj k navySeniu koncentracie CHSK a Peelk. v substrate
pre oba reaktory. Substrat uréeny pre NK (R1) mal koncentraciu CHSK v rozmedzi 1 400 -
1 500 mg 1. Substrat pre AK (R2) mal koncentrdciu 1500 - 1 600 mg I'. Rozdiel
v koncentracidch CHSK bol sposobeny pridanymi liecivami (cetirizin, ibuprofen,
amoxicilin), nakolko zasobné roztoky lieciv boli zarobené z tabletovej formy, kde sa
okrem tcinnej latky nachadzali aj pomocné latky, ktoré pomahaju udrzat tvar v tabletovej
fosforu bola navysena na 20 mg 1. Dalsich 16 dni prebiehala adaptacia kalu. V 86. deti
boli uskutoc¢nené prvé respirometrické merania. Nasledne bola navysena koncentracia
lie¢iv v substrate pre R2 z 0,5 mg 1! na 2,5 mg 1''. CHSK substratu vzrastla na 1 700 -1 800
mg I1. V 100. deni experimentu boli uskuto¢nené dalSie respirometrické merania a tiez
doslo k dalsiemu navySeniu koncentrdcie lieciv v substrate pre AK na 10 mg 1. Substrat
s lie¢ivami obsahoval 2 300 - 2 400 mg 1" CHSK. V 106. den bolo uskutocnené posledné
respirometrické meranie.

2.2 Respirometrické meranie

Respirometrické meranie bolo uskutocriované s kalom z dlhodobo prevadzkovanych
modelov aktivacie, ktorého cielom bolo zistit vplyv lie¢iv na rychlost odstraniovania lahko
rozloziteIného organického substratu. Merania boli realizované s adaptovanym a
neadaptovanym kalom na lie¢iva v 120 ml respirometrickej cele. Pouzité substraty sa
zhodovali so substratmi pouzivanymi na dennt obsluhu reaktorov a ich presné zlozZenie
je uvedené v tabulke 1. Oba typy substratu (bez lieciv a s lie¢ivami) boli testované pre oba
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typy kalov. Kvoli zabraneniu neziaducemu priebehu nitrifikdcie bola do
respirometrickych cely pridana alylthiomocovina o koncentracii 5 mg1-*

Tab.1 ZloZenie substratu respirometrickych merani

Oznacenie CHSK N-NH4
Typ substratu substratu (mg 1) (mg 1) Pcei (mg 1)
bez lieciv A 1440 50 20
0,5 mg 1" lieciv B 1580 50 20
2,5 mg 1! lieciv C 1710 50 20
10 mg 1! liec¢iv D 2390 50 20

Na zaklade nameranych rychlosti odstraniovania substratu boli pre jednotlivé
merania vypocitané biokinetické parametre: saturacna konstanta Ks a maximalna
$pecificka rychlost odstrafiovania substratu rxmax, po linearizacii Monodovej rovnice:

S
rx _rxmax
K+ S

nasledovnym sp6sobom:

S K, S
- = +
rx rx,max rx,max

3 Vysledky a diskusia

V laboratérnych podmienkach boli dlhodobo sledované a prevadzkované dva
modely aktivacie, z ktorych bol odoberany kal na respirometrické merania. Namerané
vysledky popisuju grafy ¢. 1 a 2. Z dovezeného kalu sa v prvom kroku odstranili liec¢iva
a nasledne prebiehala 69 driova adaptacia.

Pocas druhej fazy experimentu sa do substratu pre R2 zacali pridavat lieciva o
koncentracii 0,5 mg 1. Na zaklade vysledkov sme zistili, Ze dochadzalo k odstranovaniu
organického znecistenia aj k odstrafiovaniu amoniakalneho dusika pomocou nitrifikacie.
V tretej faze bola koncentracia lie¢iv v substrate zvysena na 2,5 mg 11, CHSK na vystupe
mierne vzrastla, ale i¢innost odstranenia bola nadalej vysoka. Proces nitrifikacie ti¢cinne
prebiehal dalej. V stvrtej faze koncentracia lieciv v substrate bola navysena na 10 mg 1,
pricom uz bolo pozorované zniZenie ti¢innosti odstrafiovania CHSK a doslo aj k poklesu
acinnosti odstrafiovania amoniakalneho dusika v R2.
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Graf ¢. 1: Zavislost vstupnej koncentracie CHSK pocas priebehu experimentu
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Graf ¢. 2: Zavislost vstupnej koncentracie amoniakalneho dusika pocas experimentu
S dlhodobo prevadzkovanym kalom boli realizované respirometrické merania,
ktorych cielom bolo zistit vplyv pridavku lie¢iv na rychlost odstrafiovania Iahko

rozloziteIného substratu. Na obrazkoch 1 - 4 st znazornené rychlosti odstrariovania
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jednotlivych substratov (A - D) pre AK aNK. Vtabulke 3 st zhrnuté vypocitané
biokinetické parametre Ksa rxmax.

Obrazok 1 znazornuje rychlost odstrariovania substratu A pre NK. Z grafu je
viditeIné, Ze nastal pokles respiracnej rychlosti pocas experimentu. V dalsej faze nebol
zaznamenany pokles respiracnej rychlosti pre dany substrat, co dokazuje aj maximélne
Specificka rychlost odstrafiovania substratu, ktort ndjdeme v tabulke ¢. 3.
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_D.D
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Obr. 1 Porovnanie rychlosti odstrafiovania substratu A pre neadaptovany kal

Obrazok 2 popisuje priebeh odstrafiovania rychlosti substratu A pre AK.
Z obrazku je viditelné, Ze narastajica koncentrdcia v R2 minimalne znizila respiracnt
rychlost, comu zodpovedaju aj podobné Specifické rychlosti odstraniovania substratu. Pri
porovnani AK s NK je viditeIné, Ze pridavok lie¢iv nesposobil vyraznejsiu zmenu pri
rychlosti odstrariovania ahko rozlozitelného substratu.
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Obr. 2 Porovnanie rychlosti odstrafiovania substratu A pre adaptovany kal

Obrazok 3 popisuje priebeh odstrafiovania substratu B - D pre NK.
Z nameranych vysledkoch vyplyva, Ze vo vzrastajucou koncentraciou lie¢iv, sa vyrazne
znizuje aj respiracna rychlost. Je ddlezité poznamenat, Ze vyrazny rozdiel v rychlosti
odstranovania substratu bez lieciv a s liecivami, bol pozorovany az pri koncentracii lieciv
10 mg 11, ¢o je koncentracia, ktora sa bezne na COV nenachédza.
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Obr. 3 Porovnanie rychlosti odstraniovania substratu s obsahom lie¢iv B - D pre

neadaptovany kal
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Obrazok 4 popisuje respiracné rychlosti AK so substratmi B - D. Z grafu je
viditelné, Ze dochadza k poklesu respiracnej rychlosti avsak pokles nie je az taky vyrazny.
Pri substrate D (10 mg 1! ) nebola pozorovana takd vyrazny zmena respiracnej rychlosti

ako pri substrate D s NK.

a4

relmecpske 1 ht)

100
@ B6.den AK subsra B
W 100.den AK subza C

4 106.def AK subsra D

0 2 4 b 8 10 12
5{mggnsy It
Obr. 4 Porovnanie rychlosti odstrafiovania substratu s obsahom lie¢iv B - D pre
adaptovany kal
Tab. 3 Biokinetické parametre respirometrickych merani
dett typ Neadaptovany kal Adaptovany kal
merania | substratu | rx,max Ks I'x,max Ks
A 255,2 0,5 2834 3,6
86. B 310,2 2,9 293,2 2,3
A 174,8 0,7 258,9 44
100. C 2414 2,2 248,9 2,9
A 247,7 2,9 2594 4,8
106. D 191,5 2,1 2444 3,9
4 Zaver

Pocas dlhodobého prevadzkovania laboratérnych modelov bol testovany vplyv
pridavku lieciv na odstratiovanie I'ahko rozlozitelného organického substrat pomocou
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respirometrickych merani. Z vysledkov meranie je zrejmé, Ze nizky obsah lie¢iv (2,5mg 1)
v substrate nema takmer ziadny vplyv na odstrariovanie CHSK a amoniakélneho dusika.
ZvySovanim koncentracie lie¢iv na uroven vyssiu ako je realne dosahovana na bezZnej
COV, dochddza zpoklesu udinnosti odstratiovania CHSK aklesa aj té&innost
nitrifikaéného procesu v takomto modeli.

Pomocou respirometrickych merani sa otestovali vSetky pouzité druhu substratov
v experimente pre adaptovany aj neadaptovany kal. Z merani vyplyva, Ze v pripade
velkého jednorazového zataZenia kalu lie¢ivami nastdva vyrazny pokles respiracnej
rychlosti. Pri kale adaptovanom na dané zataZenie nenastdva pokles respiracnej rychlosti.
Z vysledkov tiez vyplyva, Ze Tahko rozloziteIny substrat (bez obsahu lie¢iv) je rozkladany
konstantou rychlostou aj kalom adaptovanym na lie¢iva.
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Analyza mikrobialniho slozZeni
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metodou PCR
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Probiotické vyrobky jsou nedilnou soucasti soucasného trhu. Kromé tradi¢niho
zastoupeni mléénych probiotickych vyrobkii véak v soucasné dobé dochazi také
ke zna¢nému rozsifovani sortimentu netradi¢nich probiotickych vyrobk. Znalosti
o sloZeni mikrobialni komunity, jejich zménach a potencialnich mikrobidlnich in-
terakcich v matricich jsou zasadni pro zajiSténi produkce bezpecnych a kvalitnich
vyrobkii. Vzhledem k moZnostem pomérné piesné detekce, identifikace a kvantifi-
kace lze pro analyzu mikrobidlniho sloZeni probiotickych vyrobkii vyuZzit metody
polymerazové fetézové reakce (PCR).

Pro préci byly vybrany rtizné druhy netradi¢nich probiotickych vyrobku (pro-
bioticky krém, probiotické tampdny, ordlni probiotikum a séjovy ndpoj s probio-
tiky). Metodami fenol-chloroformové extrakce a magnetické separace byla z téchto
komplexnich matric izolovana DNA v kvalité vhodné pro metodu PCR. DNA byla
pouZita pro naslednou identifikaci deklarovanych bakterialnich rodt a druhti. Ve
vyrobcich byly prokazany bakterie rodu Lactobacillus a Bacillus. Po optimalizaci
druhové specifickych PCR byly prokazany také pfislusné bakteridlni druhy Lac-
tobacillus pentosus, Lactobacillus fermentum a Lactobacillus rhamnosus. Vysledky byly
porovnany s idaji deklarovanymi vyrobci.

Kli¢ova slova: probiotické vyrobky, izolace DNA, PCR identifikace
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Biotechnologie Hydal je v soucasnosti jedinou technologii, kterd umoziuje
preménu odpad v bioplasty. Poskytuje hned dvoji vyhodu pro Zivotni prostiedi
a lidstvo — odstranuje nebezpecny odpad a produkuje plné biodegradabilni poly-
mer biologického ptivodu — polyhydroxybutyrat. Jako u kazdé technologie i jeji
redlné uplatnéni zavisi na ekonomicnosti celé vyroby. Soucasti vyvoje je tak i op-
timalizace jednotlivych procesti véetné klicového fermentac¢niho procesu, ktery je
v piipadé biotechnologie Hydal mimoiadné komplikovanym vicefdzovym sys-
témem. Prezentovand prdce se zabyvala matematickou a statistickou analyzou
experimentalnich dat ze c¢tvrtprovozu a matematickym modelovanim procesu
pomoci jedné z metod umélé inteligence — neuronovych siti. Bylo dosazeno specifi-
kace vhodnych rozmezi nékterych parametrii procesu, tyto specifikace vedou ke
standardizaci (stabilizaci) procesu a zvyseni vytéZnosti vyroby. Z testovanych vari-
ant neuronovych siti nékteré dosahuji obzvlasté vysoké miry vystizeni systému i
pri poskytnuti pouze zékladnich a snadno nastavitelnych parametrti, které 1ze pfi
procesu snadno a levné kontrolovat (napt. rychlost davkovani oleje a zdroje du-
siku, okysli¢ovani,...). Neuronové sité se tak ukazuji jako vhodné pro modelovani
komplikovaného vicefadzového systému vznikajiciho pfi fermentaci v bioreaktoru.
Projekt byl financovan z rozpoétu mésta Ostravy ev. & smlouvy 0934/2016/5aS.

Kli¢ova slova: neuronové sité, optimalizace, polyhydroxybutyrat, uméla inteli-
gence
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1 Uvod

Kyselina hyaluronova (HA), znama aj ako hyaluronan, je linearny polysacharid
tvoreny z opakujtcich sajednotiek 3-(1,3)-N-acetylglukozaminu a 3-(1,4)-glukurénovej
kyseliny (glukuronatu)'. M6ze byt dlhd az niekolko tisic jednotiek. Ak nie je naviazana
nainé molekuly, viaze sa na vodu? — vytvara velmi viskdzne gély, dokaze pohltit
az stonasobné mnozstvo kvapaliny3.

V sucasnosti existuji dvakomercné procesy produkcie ky seliny hyalurénovej (HA).
Extrakcia z tkaniv zvierat alebo aplikacia systému bakteridlnej expresie predovsetkym
mikroorganizmami rodu Streptococcus*. Dolezitym parametrom kvality komercného
produktu HA vzhladomnajeho reologické vlastnosti a ovplyviiovanie fyziologickych
reakciije molekulovahmotnost® HA savyuzivav Sirokom spektre aplikdcii v medicine,
potravinarstve a kozmetike®.

Oligosacharidy (0,5 kDa) stimuluju krvn mikrocirkulaciu v pokozke, st
protizapalové ahydratacné. HA o nizkejmolekulovejhmotnosti (10 — 150 kDa) stimuluje
syntézukolagénuatelu vlastnej HA. HA strednej molekulovejhmotnosti (150— 1300 kDa)
reguluje protizapalové procesy v pokozke a stimuluje intracelularnu komunikaciu.
Vysokomolekulova HA (1300 — 1800 kDa) zlepsuje hydrataciu pokozky a obnovuje
funkciu koznej bariéry”.

Bakteridlna pro dukcia poskytuje HA o vysokej molekuldrnej hmotnosti a ¢istote®.
HA o nizs$ej molekulo vejhmo tnosti (aj oligosacharidy) je beZne vyraband kontrolovanou
depolymerizaciou vysokomolekularnej HA v Cistej forme pouzitim fy zikalny ch o patreni
(teplota, tlak), oZarovania (elekironovy ¢, gama/mikrovinné'/UV? Ziarenie), pdsobenim
kyseliny, ozonolyzou!, ultrazvukom?, kovom katalyzovanou radikalovou oxidaciou
a enzymatickou hydrolyzou hyaluronidazami’.

Biotechnologicka vyroba HA patri medzi vysokoviskdzne aerdbne fermentacie, kedy
je produkcia HA limitovana prestupom kyslika kvoli vysokej viskozite média.
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Viskozita média mdze byt znizena degradaciou vysokomolekularnej HA
na nizkomolekularnu pridavkom hyaluroniddz pocas fermetacie, ¢o je vo vysledku
predpokladom pre zvysenie vytazku HAS.

2 Experimentalna cast

2.1 Metody

Kyselina hyalurénova bola pripravena 16 hodinovou vsadkovou kultivaciou
mikroorganizmu Streptococcus equi subsp. zooepidemicus vo fermentoroch Labfors (Infors
HT, Svajciarsko) s vysterilizovanym komplexnym médiom (Tabulka 1) o objeme 2 I,
v ktorom boli ustalené hodnoty teploty, pH, koncentracia kyslika a ry chlost miesania.
V priebehu fermenticie sa do bioreaktorov pridaval enzym hyaluronat
4-glykanohydrolaza (bovinna testikularna hyaluronidaza — BTH) o r6znej koncentracii
av roznom case kultivacie. Po prebehnuti fermentacie bola v produkénom médiu zistena
opticka husto ta spektrofotometricky pri vinovej dizke 640 nm, ktora podavala informaciu
o mnozstve buniek v médiu. Cistota kulttry bola potvrdend mikrosko picky. Dynamicka
viskozita produkéného média bola zistena narotatnom viskozimetri, molekulova
hmotnost a poly disperzita metd dou separacie GPCs detekciou rozptylovym fotometrom
a koncentracia zvyskovej sachar6zy bola stanovena spektrofotometricky po inverzii
sachar6zy pomocou enzymatickej oxidacie glukdézaoxidazou za vzniku farebného
komplexu.

Vytazok HA bol stanoveny gravimetricky. Vzorka 250 g produkéného média
sroztokom EDTA aSDS na inaktivaciu mikroorganizmov auvolnenie kyseliny
hyalurénovej z povrchu buniek bola doplnenanal 1 demineralizovanou vodou. Bunkova
hmota bolaodstranena filtraciou a filtrdt bol obohateny o 15 g NaCl a upraveny na pH 5
kyselinou octovou pre dosiahnutie najrychlejsieho vyzrazania a sedimentacie HA. Za
staleho miesania bol pridany 100% izo propylalkohol (IPA)az nakone¢ny objem3 1, ¢cimsa
vyzrazala HA, ktora sedimentovala 30-60 min. Produkt bol trikrat purifikovany
dekantaciou IPA o objeme 300 ml

Bolvykonany pokus na zrazanie HA o rdznych molekulovych hmotnostiach po dla
postupu gravimetrického stanovenia vytazku. Do 200 ml roztokuHA o koncentracii5 g/1
bolo pridaného 400 ml 100 % IPA a boli pozorované zmeny v zakale, sedimentacia
a kvalita zrazeniny.

Tabulka 1: ZloZenie komplexného média pre kultivdciu

Zlozka Mnozstvo
pSeni¢ny pepton 10,0 g
kvasniény autoly zat 25¢9
sacharéza 40,0 g
heptahy drat siranu hore¢natého 0,49
dodekahy drat hy drogenfosforeénanu sodného 409
monohy drat glutamanu sodného 20g9
2,22 M roztok chloridu manganicitého 1,0 ml
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2.2 Vysledky a diskusia

Pridavok hyaluronidazy BTH bol uskuto¢neny v r6znych hodinach fermentacie
a o roznej koncentracii. Po pridani 10 jednotiek enzymu na gram vy produkovanej HA
v 7.—9. hodine fermentacie vznikali vysokomolekularne utvary, ale vyznamne sa znizila
viskozitamédia. Najviac saosvedcil pridavok enzymu v nultej hodine fermentacie, teda
hned po zaockovani fermentorov, pretoZe enzym pracoval dlhsie, mal vacsiu acinnost
a pridavok bol technicky najjedno duchsi. Pridavkom 500a 1000jednotiek bola dosiahnuta
dizka retazcaodpovedajucastrednejmolekulovej hmotnosti. Po pridavku 2000 jednotiek
enzymu doslo k poklesu molekulovej hmotnosti na 74,7 kDa, a teda k vzniku
nizkomolekularnej HA. V tychto pripadoch bola viskozita média vel'mi nizka, prestup
kyslika bol preto priaznivy pocas celej doby fermentacie. Predpoklad pre zvysSenie
vy tazku pridavkomhyauronidazy ale nebol potvrdeny. Z pokusu pre zistenie uc¢innosti
zrazania HA o rdznej molekulovej hmotnosti obvyklym spdsobom gravimetrického
stanovenia (Tabulka 2) mdZze byt ustudené, ze pri vzniku HA o molekulovej hmotnosti
nizsej ako 350kDa dochadzakujej ¢iasto¢nému odplaveniu pocas prvej dekantacie, tym g
ku strate vytazku. Od molekulovej hmotnosti HA nizsej ako 120 kDa dochadza kvoli
neuplnému vyzrazaniu a nizkej sedimentacii HA ku vyraznej strate vytazku.

Medzi koncentraciou vzniknutej HA a zvyskovej glukézy (Obrazok 3) vo
vy chodiskovej kultivacii a po pridavku 10 jednotiek enzy mu na gram vy produkovanej
HA v r6zny ch ¢asoch kultivacie bola potvrdena korelacia — pri vyssom vytazku HA bol
zaznamenany pokles koncentracie zvyskovej glukézy a pri nizSom jej narast. Tento trend
nebol uplatneny prave pri pridavku radovo vyssich koncentracii enzymu. Z nizkych
koncentracii zvyskovej glukdzy pri pokuse s 500 a 2000 jednotkami enzymu by sa dal
predpokladat narast vytazku HA, nami prevedenym sposobom gravimetrického
stanovenia vSak bol zaznamenany jeho vyrazny pokles. Molekulova hmotnost bola
v tychto pripadoch nizsia ako 350 kDa, ¢im sa na zdklade poznatkov z pozorovania
zrazania HA potvrdzuje predpoklad odplavenia vy tazku pri zraZzani, preto méZzeme tieto
hodnoty povazovat zaskreslené. Vel'mi zaujimavy by mohol byt pokus s 1000jedno tkami
enzymu, pri ktorombol zaznamenany relativne vysoky vytazok aj koncentracia zvyskovej
glukédzy, relevantnost tohto vysledku by vsak mala byt overena dalSimi pokusmi.
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Obrizok 1: Zavislost molekulovej hmotnosti vzniknutej HA na mnozZstve a case pridanéhoenzymu
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Tabulka 2: Pozorovanie ti¢innosti zrdzZania HA o roznej molekulovej hmotnosti obvyklym
sposobom gravimetrického stanovenia vytazku

Roztok HA 200 ml

Pridavok 400 ml 100% IPA

My [kDa] Zrazenina, sedimentacia Roztok nad zrazeninou
1000 - 1250 jemné vlocky Ciry
300 - 500 jemné viocky, pomalSia sedimentacia Ciry
120 - 350 zrazenina na stenach mierne zakaleny
70 - 120 mazlav @ zrazenina na dne zakaleny
50-70 mazlav é zrazenina na dne zakaleny
30 - 50 mazlav & zrazenina na dne zakaleny
5.0 4 B c (HA] [g/ke]
45 4 wm (cukar) [g/1
4.0 4
3.93
359 362
30 4 3.25 330 351
£ 25
S 2.53
ng- 20 4 157 222
PR 115 113
1.0 4 I I 0.82

0u oh

10U 7h 10U 8h 10U Sh

Pridavok BTH

500U Oh  1000U Ch  2000U Oh

Obrizok 3: Koreldcia medzi mnoZstvom vzniknutej HA a koncentrdciou zvyskovej glukézy
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4 Zavery

Bola dokazana modifikacia molekulovej hmotnosti HA mnoZstvom pridavku BTH
v rdznom case priebehu fermenta¢ného procesu. Po pridavku 10 jednotiek enzymu na
gram vyprodukovanej HA v siedmej hodine kultivacie vznikali vysokomolekularne
atvary rovnako ako pri vychodiskovej kultivacii, zatial ¢o dynamicka viskozita klesla
z povodnych219,7Pa/s na 103,9 Pa/s. Tento pokles viskozity by mohol zjednodusenit
naro¢né purifika¢né procesy pri vyrobe HA bez zmeny jej funkcie na zaklade molekulovej
hmotnosti. Takisto ma velmi pozitivny vplyv na prestup kyslika. S tym je spojené
zvysenie vytazku HA, ktoré nami vykonanymi experimentami nebolo dokazané, ale
mohlo by byt viditeIné pri vyssej pociatoc¢nej koncentracii sachardzy.

Po pridani 2000 jednotiek BTH na gram vyprodukovanej HA vznikala
nizkomolekularna HA. Viskozita média bola velmi nizka, no predpokladané zvysenie
vytazku HA nebolo v tomto pripade dokézané pravdepodobne kvoli nizkej koncentracii
IPA pri procese zrazanianizkomolekularnej HA. Vytazok bol teda ¢iastocne odplaveny
pri prvej dekantacii.
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1 Uvod

Elektrochemicka charakterizacia je perspektivnou metdédou Stidia vlastnosti
katalyzatorov. Cyklickt voltampérometriu zaradujeme do skupiny potenciodynamickych
metdd, pricom jej vyuzitie je vyrazné pri kvalitativnej analyze a analyze elektrédového
deja'. Je vyznamna aj vdaka inStrumentdlnej jednoduchosti. Abrazivna cyklicka
voltampérometria patri medzi Specialne druhy cyklickej voltampérometrie. Pri tejto
metdde sa vzorka praskového Kkatalyzatora aplikuje na povrch uhlikovej pastovej
elektrody, ktort je mozné pripravit napr. homogenizaciou praskového uhlika a vazeliny.
Vyhodou tohto typu elektrédd je Tahka priprava a obnoviteIny povrch vhodny pre
aplikaciu tuhej praskovej vzorky?2. Voltampérometrickd charakterizacia je citliva metodika
vhodnd na rozliSovanie zlicenin schopnych katalytickych reakcii. Data ziskané z tejto
techniky st Siroko vyuzitelné, pricom nie si obmedzené geometrickym povrchom.
Zarovenn poskytuju informdcie aj o krystalickej Struktured. Vysledok nasej prace
predstavuje zistenie kvalitativneho zlozenia vybranych katalyzatorov s ohladom na ich
katalytickii tcinnost. Namerané vysledky sme porovnavali so Standardmi, oxidom
mednatym amednym. Zo ziskanych cyklickych voltampérogramov sme schopni
predpokladat zastapenie rdznych foriem medi v skiimanych katalyzatoroch.

2 Experimentélna cast

InStrumentalne vybavenie pozostavalo z trojelektréodového systému, pricom
pracovnou elektrédou bola uhlikova pastova elektroda, ako referenénu elektrédu sme
zvolili argentochloridovit elektrodu a pomocnou elektrodou bol platinovy drotik.
Pracovali sme v prostredi 0,1 M roztoku PBS. Utinnost analyzovanych katalyzatorov
pripravenych na Oddeleni organickej technolégie, katalyzy aropy FCHPT STU, sa
Studovala v procese katalytickej oxidacie furfuralu v kvapalnej faze so zameranim na
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kyselinu maleinovi ako hlavny produkt reakcie (pouziva sa vo farmaceutickom,
textilnom, papierenskom priemysle a tiez v chemickom na pripravu réznych chemikalif)*.
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Obrizok 1: Cyklicky voltampérogram Standardu oxidu med'ného
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Obrizok 2: Cyklicky voltampérogram Standardu oxidu med'natého
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Na Obrazku 1 pozorujeme cyklicky voltampérogram oxidu medného Cu20 pri
polarizacii elektrody v kladnom smere. Oxida¢ny pik Al predstavuje oxidaciu medi
z oxida¢ného stupna Cu' na oxidacény stupent Cu™. Na cyklickom voltampérograme oxidu
mednatého (Obrazok 2) pri pociatocnej polarizcii elektrédy v kladnom smere nevidime
ziaden anddovy pik, predstavujuci oxidaciu Cu' na Cu", na rozdiel od cyklického
voltampérogramu Cu20.

Tabulka 1: Analyzované vzorky katalyzdtorov (M = prislusny kov alkalickyjch zemin)
Pracovny B
nazov Struktura Cu/P M/Cu
katalyzatora
MEK1 CU2P207 1 -
MEK8 - 0,5 0,5
MEK9 CaCuP,0; 0,5 1
MEK27 BaCuP,0; 0,5 1
MEK28 MgCuP,0; 0,5 1
MEK29 SrCuP;07 0,5 1
0,5 T T T
A1 |

0.0 02 0.4

-2.0 L 4 N ENV, 3
1,2 -0,8 -0,4 0,0 0,4

EIV

Obrdzok 3: Cyklické voltampérogramy vzoriek katalyzdtorov MEK1, MEKS, MEK9

Nasledne sme uskutocnili merania aj s katalyzatormi MEK1, MEKS8, MEK9
a vysledné cyklické voltampérogramy porovnali s nameranymi Standardmi. Oxida¢ny pik
Al, ktory predstavuje oxidaciu medného katiénu na mednaty je viditelny len na
cyklickom voltampérograme MEKu9. Preto mdzeme konstatovat, Ze katalyzator MEK9
obsahuje med vo forme Cu'' a Cu! na rozdiel od katalyzatorov MEK1 a MEKS, ktorych
Castice medi st len v oxida¢nom stave Cull. Vzhladom na najvyssie vytazky ziadaného
produktu pri pouziti katalyzatora MEK9 mozeme predpokladat, Ze med vo forme Cu! je
zodpovedna za vys$siu ucinnost katalyzatora. Analogicky podla MEK9 boli preto
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pripravené aj katalyzatory MEK27, MEK28, MEK29 a sledoval sa vplyv substittcie Ca za
dalsie prvky kovov alkalickych zemin. Z nameranych cyklickych voltampérogramov sa
javili ako najvhodnejsie substituenty Ca, Mg a Sr. Na zdklade experimentov, kde sa
sledoval vytazok kyseliny maleinovej ako hlavného produktu oxidacie furfuralu, rastla
adinnost katalyzatorov pri porovnani vplyvu substituentov v smere Ba < Sr < Mg < Ca.
Nasledne sme uvazovali, preco je prave vapnik najvhodnejsi substituent. Zvazili sme
vplyv rastticeho atdémového polomeru s rastiicim proténovym cislom. Velkost atémového
polomeru by mohla ovplyviiovat vznik poZzadovanej Struktury katalyzatora, a teda
pripadne znizovat jeho Kkatalyticki ucinnost. Jednou zvyznamnych charakteristik
katalyzatorov st ich acidobazické vlastnosti. Rasttica bazicita koreluje s ui¢innostou
danych katalyzatorov.

3 Zaver

Nesubstituovany katalyzator MEK1 Cu2P207 obsahuje na zaklade vysledkov
cyklickej voltampérometrie vo svojej Strukttre len med vo Cu'. Med vo forme Cu! je
pravdepodobne zodpovednd za vyssiu ucinnost katalyzatora. Na zaklade nasich
elektrochemickych merani mézeme tvrdit, Ze v katalyzatoroch s obsahom Mg, Ca a Sr sa
nachadza med vo forme Cu"" a Cul. Na zdklade vysledkov experimentov pyrofosfatovy
katalyzator obsahujtci Ca vykazoval zo studovanych katalyzatorov najvyssiu katalyticka
Gcinnost, ¢o by mohlo byt odévodnené vplyvom atémového polomeru, ale najma
vplyvom bazicity ako jednej z kI'i¢ovych vlastnosti katalyzatora.
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1 Uvod

Diky stale se zvysujici spotiebé elektrické energie je jednou z hlavnich vyzev 21.
stoleti vyvoj novych technologii a materialti, které tuto energii dovedou nejen ucinné
vyrabét z obnovitelnych zdrojti, ale také ji v elektronickych zafizenich co nejefektivnéji
vyuzivat. Vysoké naroky jsou kladeny rovnéz na vyrobni naklady takovych materialt
ajejich vliv na zivotni prostfedi. Mnoho usili tak bylo vlozeno do vyvoje organickych
molekul s izkym zakazanym pasem, které vsechny tyto podminky spliuji'. Za posledni
desetileti byla vyvinuta celd fada organickych polovodicii, nachazejicich uplatnéni
v Siroké Skale oblasti organické elektroniky, napf. na vyrobu organickych solarnich ¢lankt
(OSC)?, polem fizenych tranzistort (OFET)? svétlo emitujicich diod (OLED)?, ale také
v zafizenich pro medicinské aplikace, jako jsou napf. biosenzory®. Ackoliv na pocatku
tohoto vyzkumu byl enormni rozvoj organickych polovodic¢ti na bazi rozpustnych
polymert$, v poslednich letech se pozornost mnohem vice zaméfuje na malé organické
molekuly, které oproti polymertim vynikaji lepsi cistotou, zpracovatelnosti, dobie
definovanou molekulovou strukturou atim predvidatelnéjsimi vlastnostmi, a také
vyrazné jednodussi moznosti modifikace’. Obzvlasté atraktivni jsou v soucasnosti tzv.
ambipolarni polovodice, disponujici schopnosti prenaset jak elektrony, tak diry
s podobnymi mobilitami. Tato vlastnost materidlu mutze vyrazné usnadnit vyrobu
elektrickych obvodit bez nutnosti selektivné deponovat n- a p-kandlové materidly, ale
pouzit pouze jednoslozkovy systéms. Ambipolarnich vlastnosti je vétsinou docileno
vhodnym vybérem jadra polovodice a modulaci jeho energetickych hladin pomoci
chemické modifikace®.

Tato prace pojednava o diketopyrrolopyrrolech (DPPs), organickych pigmentech
objevenych jiz v70. letech 20. stoleti®. Jadro molekuly DPP tvoii m-konjugovany
bicyklicky dilaktam, substituovany v pozicich 3 a6 téméf vyhradné aromatickymi
substituenty (viz Obrdzek 1). Pravé elektron-akceptorni charakter spole¢né s plandrni
konjugovanou strukturou délaji z molekuly DPP univerzalni stavebni jednotku pro
syntézu materiala s izkym zakazanym pasem!'. Diky témto vlastnostem, odhalenym az
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po nékolika letech od objevu, se tzv. ,vysoce vykonny pigment” DPP razem stal
predmétem zajmu fady védeckych studii na vyvoj organickych polovodi¢ii a derivaty
DPP tak dnes nachdzeji uplatnéni ve vyse zminénych oblastech'2. Souc¢asna situace na trhu
si zdda velmi popularni derivaty disponujici ambipolarnimi vlastnostmi, kterych je
u molekul DPP docileno pomérné komplikovanou derivatizaci, kdy je nutné do skeletu
zaclenit silné elektron-akceptorni skupiny. Doposud nejlepsich vysledkii bylo dosazeno
v praci Zhua akol. z roku 2016, kde materidl na bazi DPP s prodlouzenou konjugaci
prostiednictvim thieno[3,2-b]thiofenu v pozicich 3, 6 a zaclenénymi dikyanovinylovymi
skupinami dosahoval mobilit elektronti 0,80 cm? V-1s1 a dér 8,65-103 cm? V-1s.
Zejména hodnota elektronové mobility o téméf cely fad prekonava dosud nejvyssi
popsané hodnoty n-typovych charakteristik u materialii tohoto typu.

R =H, alkyl, aryl, acyl
Ar = aryl, heterocykl (pf. thiofen, furan)

Obrdzek 1: Obecny skelet molekuly diketopyrrolopyrrolu (DPP)

Zakladni N,N’-nesubstituované derivaty DPP vynikaji mimofadnou stabilitou
a elektrickymi vlastnostmi, zejména z diivodu tésné agregace m-konjugovanych jader
intermolekularnimi vodikovymi vazbami®®. Diky témto interakcim jsou vSak také
prakticky nerozpustné ve vétsiné znamych organickych rozpoustédel, coz zna¢né omezuje
jejich aplikovatelnost'. Zaclenéni alkylovych substituentti na heteroatomy dusiku
v molekule DPP zptisobi zanik vodikovych vazeb, coz je doprovazeno vyraznou zménou
fyzikdlnich i chemickych vlastnosti vyslednych derivata's. Dochazi pfedevsim k vyznam-
nému zvyseni rozpustnosti, coz rozsifuje jejich vyuziti v fadé aplikaci, jako jsou napf. tisk
funkénich vrstev nebo deponace metodou rota¢niho liti'4. Pravé derivatizace molekuly
DPP substituci alkylovych fetézcti na heteroatomy dusiku a studium vlivu téchto
substituentti na vysledné vlastnosti derivatii je hlavnim cilem této prace.

2 Experimentalni cast

Experimentalni ¢ast se sklada ze dvou zakladnich fragmentt. V prvnim z nich je
vénovana pozornost syntéze a purifikaci dvou zakladnich derivati DPP obsahujicich
aromatické jednotky thiofenu (Th-DPP) a fenylu (Ph-DPP). Dale bylo pfipraveno klicové
alkylacni ¢inidlo, 1-(2-bromethyl)adamantan (5), které vedlo k pfipravé zcela novych,
jedine¢nych derivati.

Ve druhé casti je syntéza zaméfena na piipravu série N,N*-alkylovanych derivatii
DPP, kdy jako alkyla¢ni c¢inidla byla pouzita komercné ziskana 1-bromdodekan, 2-
ethylhexyl bromid (Sigma-Aldrich) a vyse zminény 1-(2-bromethyl)adamantan, ktery byl
pripraven v ramci experimentdlni casti.
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2.1 Syntéza vychozich latek

90

Piiprava zakladniho thiofenového derivatu DPP (Th-DPP):

9] Mr = 202,25

Mr = 109,15
1 4< o 2

Obrdzek 2: Priprava zdkladniho thiofenového derivitu DPP (Th-DPP)

Ve vysusené bance pod argonovou atmosférou bylo ve 400 ml terc-amylalkoholu
(TAmA) za refluxu (~102°C) aza pritomnosti katalytického mnozstvi chloridu
zelezitého (FeCls) rozpusténo 6,01 g (0,26 mol) sodiku. Po 40 minutach byla reakéni
smés ochlazena na 60 °C a bylo pridano 25,00 g (0,23 mol) latky 1. Poté byla smés
opét pfivedena k refluxu a postupné bylo piikapavano po dobu 5hodin 28,21 g
(0,14 mol) latky 2 rozpusténé ve 100 ml TAmA. Smés byla do druhého dne michana
za refluxu. Poté byla ochlazena, nalita na vodu, pH smési bylo upraveno kyselinou
octovou na hodnotu 3, poté byla smés privedena k refluxu a po dobu 6 hodin byla
provadéna hydrolyza. Po ochlazeni byla heterogenni smés zfiltrovana, tuhy podil
byl povafen v metanolu a opét zfiltrovan. Po diikladném vysuseni bylo ziskano 18 g
tmavé Cervené praskovité latky Th-DPP (vytézek: 42 %). Bod tani > 400 °C. "TH NMR
(300 MHz, DMSO-ds, ppm): d = 11,21 (s, 2H), 8,20 (d, ] = 3,01 Hz, 2H), 7,93 (d,
J=3,04 Hz, 2H), 7,31-7,27 (m, 2H). CHN analyza: teoretickd = C 55,98 %; H 2,68 %; N
9,33 %, stanovena = C 55,42 %; H 2,37 %; N 9,71 %.

Piiprava zakladniho fenylového derivétu DPP (Ph-DPP):

©/ Na+
Mr = 202 25

Mr = 103 12

=0 Mr=288,30
Ph-DPP

Obrdzek 3: Priprava zdkladniho fenylového derivitu DPP (Ph-DPP)

Ve vysuSené barice pod argonovou atmosférou bylo ve 200 ml terc-amylalkoholu
(TAmA) za refluxu (~102 °C) aza pritomnosti katalytického mnozstvi chloridu
zelezitého (FeCls) rozpusténo 2,53 g (110 mmol) sodiku. Po 30 minutdch byla reakéni
smés ochlazena na 60 °C a bylo piidano 10,00 g (97 mmol) latky 3. Poté byla smés
opét pfivedena k refluxu a postupné bylo piikapavano po dobu 3 hodin 12,10 g
(60 mmol) latky 2 rozpusténé ve 30 ml TAmA. Smés byla do druhého dne michana
za refluxu. Poté byla ochlazena, nalita na vodu, pH smési bylo upraveno kyselinou
octovou na hodnotu 3, poté byla smés pfivedena k refluxu a po dobu 3 hodin byla
provadéna hydrolyza. Po ochlazeni byla heterogenni smés zfiltrovana, tuhy podil
byl povafen v metanolu a opét zfiltrovan. Po diikladném vysuseni bylo ziskano
6,90 g intenzivné Cervené praskovité latky Ph-DPP (vytézek: 40 %). Bod tani 371 °C.



1IH NMR (300 MHz, DMSO-ds, ppm): d = 11,29 (s, 2H), 8,43 (m, 4H), 7,55 (m, 6H).
CHN analyza: teoreticka = C 74,99 %; H 4,20 %; N 9,72 %, stanovend = C 74,13 %; H
3,98 %; N 10,02 %.

o Piiprava 1-(2-bromethyl)adamantanu (5):

4 5
Mr = 180,29 Mr = 243,18
—_—
OH aq. HBr Br

Obrizek 4: Priprava 1-(2-bromethyl)adamantanu (B/3064)

Do tfihrdlé banky bylo nalito 115 ml 48% (0,981 mol) kyseliny bromovodikové
a bylo pfidano 22,10 g (0,123 mol) latky 4. Heterogenni smés byla michana za refluxu
(~150 °C) po dobu 22 hodin. Poté byla smés ochlazena a extrahovana chloroformem.
V dalsim kroku byla organicka faze promyta 96% kyselinou sirovou, nasledné 10%
hydrogenuhli¢itanem sodnym a vodou, poté vysuSena a chloroform byl odpafen.
Surovy produkt byl purifikovan rekrystalizaci v metanolu. Ziskano bylo 27,35 g bilé
krystalické latky 5 (vytézek: 92 %). Bod tani 68 °C (lit.?¢ 68-69 °C). GC-MS (IT, m/z):
teoreticka pro Ci2H19Br = 243,18; stanovena 243,11.

2.2 Syntéza cilovych thiofenovych derivata DPP

Ve vysusené barice pod argonovou atmosférou bylo rozpusténo 1,00 g (3,33 mmol)
derivatu Th-DPP ve 45 ml bezvodého N,N-dimethylformamidu (DMF). Poté bylo pfidano
2,38 g (17,22 mmol) uhli¢itanu draselného (K2CO:s) a teplota reakéni smési byla zvysena na
60 °C. Po 1 hodiné michani bylo postupné prikapano ekvimolarni mnozstvi (11,70 mmol)
alkylbromidu (R-Br) rozpusténého v DMF. Po 20 minutach byla teplota smési zvysena na
105 °C a 2 hodiny michéna. Poté bylo veskeré rozpoustédlo z reakéni smési oddestilovano
za snizeného tlaku (1 mbar), pevny material byl suspendovan v metanolu a zfiltrovan.
Filtracni kolac byl diisledné promyt vodou a poté opét metanolem. Po vysuseni byl ziskan
surovy produkt, ktery byl dale podroben purifikaci.

H R

Mr = 300,36

Th-DPP R: dodecyl Do-Th-DPP
2-ethylhexyl EH-Th-DPP
ethyladamantyl EA-Th-DPP

Obrizek 5: Priprava série alkylovanych thiofenovych derivitii DPP

e Piiprava dodecyl-thiofenového derivatu DPP (Do-Th-DPP):
N,N’-Do-Th-DPP: Ze surového produktu bylo ziskano rekrystalizaci v metanolu
1,58 g tmavé fialové krystalické latky (vytézek: 75 %). Bod tani 128 °C. "H NMR (300
MHz, CDCls, ppm): d = 8,92 (dd, ] = 3,9; 1,1 Hz, 2H), 7,63 (dd, ] = 5,0; 1,1 Hz, 2H),
7,30-7,27 (m, 2H), 4,07 (t, ] = 7,8 Hz, 4H), 1,74-1,41 (m, 4H), 1,35-1,20 (m, 36H), 0,87
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(t, ] = 6,5Hz, 6H). CHN analyza: teoreticka = C 71,65 %; H 8,86 %; N 4,40 %,
stanovena = C 71,42 %; H 8,62 %; N 4,61 %.

N,0’-Do-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220—440 mesh)
s mobilni fazi toluenem (Rf = 0,42) bylo ze surového produktu ziskano 0,13 g tmavé
fialové pevné latky (vytézek: 6 %). 'TH NMR (300 MHz, CDCls, ppm): d=8,48 (d, | =
3,8 Hz, 1H), 8,21 (d, ] = 3,8 Hz, 1H), 7,68 (dd, | = 4,4; 2,1 Hz, 1H), 7,46 (d, ] = 5,0 Hz,
1H), 7,26 (dd, ] = 4,3; 1,8 Hz, 1H), 7,18 (d, ] = 3,8 Hz, 1H), 4,54 (m, 2H), 3,95 (m, 2H),
1,83 (m, 2H), 1,71 (m, 2H), 1,40-1,21 (m, 36H), 0,83 (m, 6H). CHN analyza: teoreticka
=C 71,65 %; H 8,86 %; N 4,40 %, stanovena = C 71,07 %; H 8,68 %; N 4,59 %.
0,0’-dodecyl-thiofen DPP: Nebyl pfitomen v reakéni smési.

Priprava 2-ethylhexyl-thiofenového derivatu DPP (EH-Th-DPP):

N,N’-EH-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220-440 mesh)
s mobilni fazi toluenem (Rf = 0,35) bylo ze surového produktu ziskano 0,72 g tmavé
cervené pevné latky (vytézek: 41 %). Bod tani 126 °C. 'TH NMR (300 MHz, CDCls,
ppm): &= 8,88 (dd, ] = 5,1; 2,7 Hz, 2H), 7,64 (dd, ] = 6,3; 3,9 Hz, 2H), 7,29 (dd, ] = 7,2;
1,2 Hz, 2H), 4,04 (m, 4H), 1,88 (m, 2H), 1,40-1,24 (m, 16H), 0,92-0,85 (m, 12H). CHN
analyza: teoreticka = C 68,66 %; H 7,68 %; N 5,34 %, stanovena = C 68,12 %; H 7,47 %;
N 5,53 %.

N,O’-EH-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220-440 mesh)
s mobilni fazi toluenem (Rf = 0,50) bylo ze surového produktu ziskano 0,32 g fialové
pevné voskovité latky (vytézek: 18 %). "TH NMR (300 MHz, CDCls, ppm): d = 8,51 (d,
] =3,6Hz, 1H), 8,22 (d, ] = 3,9 Hz, 1H), 7,71 (dd, ] = 41; 1,6 Hz, 1H), 7,73 (d, | =
3,2 Hz, 1H), 7,26 (dd, | = 4,3; 1,2 Hz, 1H), 7,21 (d, ] = 3,5 Hz, 1H), 4,54 (m, 2H), 3,95
(m, 1H), 1,80 (m, 2H), 1,38-1,23 (m, 16H), 0,87 (m, 12H). CHN analyza: teoreticka = C
68,66 %; H 7,68 %; N 5,34 %, stanovena = C 68,21 %; H 7,54 %; N 5,12 %.
O,0’-EH-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220440 mesh)
s mobilni fazi toluenem (Rf = 0,80) bylo ze surového produktu ziskano 0,05 g tmavé
fialové pevné voskovité latky (vytézek: 3 %). 'TH NMR (300 MHz, CDCls, ppm): d =
8,01 (dd, ] = 4,9; 2,4 Hz 2H), 7,52 (dd, ] = 6,3; 3,9 Hz, 2H), 7,13 (dd, ] = 5,7; 3,3 Hz, 2H),
450 (m, 4H), 1,78 (m, 2H), 1,34-1,19 (m, 16H), 0,84 (m, 12H). CHN analyza:
teoreticka = C 68,66 %; H 7,68 %; N 5,34 %, stanovena = C 68,34 %; H 7,93 %; N
5,60 %.

Priprava ethyladamantyl-thiofenového derivatu DPP (EA-Th-DPP):
N,N’-EA-Th-DPP: Ze surového produktu bylo ziskano rekrystalizaci v toluenu
0,75 g fialové krystalické latky (vytézek: 36 %). Bod tani 326 °C. '"H NMR (500 MHz,
CDCls, ppm): d = 8,91 (d, ] = 3,8 Hz, 2H), 7,64 (d, ] = 49 Hz, 2H), 7,27 (dd, ] = 6,0;
5,0 Hz, 2H), 4,14-4,11 (m, 4H), 1,99-1,82 (m, 6H), 1,75-1,72 (m, 7H), 1,68-1,65 (m,
19H), 1,53-1,51 (m, 3H). EI [m/z]: teoreticka 624,89; stanoveno 624,97. CHNS analyza:
teoreticka pro CssHuuN20:252 = C 73,04 %; H 7,10 %; N 4,48 %; S 10,26 %, stanovena =
C 73,15 %; H7,08 %; N 4,42 %; S 10,38 %.

N,O’-EA-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220—440 mesh)
s mobilni fazi toluen/chloroform 3/1 (Rf = 0,55) bylo ze surového produktu ziskano
0,42 g tmavé fialové pevné latky (vytéZek: 20 %). Bod tani 218 °C. "H NMR (300
MHz, CDCls, ppm): d = 8,43 (d, ] = 3,9 Hz, 1H), 8,25 (d, ] = 3,8 Hz, 1H), 7,69 (dd, ] =
5,9; 4,1 Hz, 1H), 7,49 (dd, ] = 5,6; 4,1 Hz, 1H), 7,27 (d, ] = 3,2 Hz, 1H), 7,24-7,17 (m,
1H), 4,67-4,63 (t, ] = 7,8 Hz, 2H), 4,06-4,00 (m, 2H), 1,98 (m, 6H), 1,75-1,67 (m, 21H),



1,62-1,53 (m, 9H). CHN analyza: teoretickd = C 73,04 %; H 7,10 %; N 4,48 %,
stanovena = C 72,81 %; H 7,01 %; N 4,57 %.

O,0’-EA-Th-DPP: Purifikaci kolonovou chromatografii na silikagelu (220-440 mesh)
s mobilni fazi toluen/chloroform 3/1 (Rf = 0,88) bylo ze surového produktu ziskano
0,13 g tmavé fialové pevné latky (vytézek: 6 %). Bod tani 268 °C. TH NMR (300 MHz,
CDCls, ppm): d = 8,05 (d, ] = 4,5 Hz, 2H), 7,55 (d, ] = 5,5 Hz, 2H), 7,19 (dd, ] = 8,1;
1,1 Hz, 2H), 4,69-4,65 (m, 4H), 1,98 (m, 6H) 1,70-1,64 (m, 26H), 1,34-1,26 (m, 3H).
CHN analyza: teoreticka = C 73,04 %; H 7,10 %; N 4,48 %, stanovena = C 72,96 %; H
6,99 %; N 4,51 %.

2.3 Syntéza cilovych fenylovych derivata DPP

Obdobnym postupem jako v pfedchozim pfipadé (popsaném v kapitole 2.2) byla

pfipravena nukleofilni substituci série alkylovanych derivat(, tentokrat reakci derivatu
Ph-DPP s alkylbromidy (R-Br) v pfiblizné 3,5-molarnim nadbytku. Reakéni smés byla
opét nejprve zbavena rozpoustédla DMF pomoci vakuové destilace (1 mbar) a nasledné
byl surovy produkt suspendovan v metanolu a zfiltrovan. Poté byla provedena purifikace
k zisku finalnich ¢istych produkti.

Mr = 288,30
Ph-DPP R: dodecyl! Do-Ph-DPP
ethyladamanty! EA-Ph-DPP

Obrizek 6: Priprava série alkylovanych fenylovych derivitit DPP

e Piiprava dodecyl-fenylového derivatu DPP (Do-Ph-DPP):

N,N’-Do-Ph-DPP: Ze surového produktu bylo ziskano rekrystalizaci v metanolu
1,37 g oranzové krystalické latky (vytéZek: 63 %). Bod tani 114 °C. 'TH NMR (300
MHz, CDCls, ppm): d = 7,82-7,79 (m, 4H), 7,53-7,51 (m, 6H), 3,74 (t, J=7,6 Hz, 4H),
1,73-1,57 (m, 4H), 1,30-1,19 (m, 36H), 0,87 (t, ] = 6.6 Hz, 6H). CHN analyza:
teoreticka = C 80,72 %; H 9,68 %; N 4,48 %, stanovena = C 80,84 %; H 9,47 %; N
4,41 %.

N,0O’-Do-Ph-DPP: Produkt nebyl izolovan.

0,0’-Do-Ph-DPP: Nebyl pfitomen v reakéni smési.

Priprava ethyladamantyl-fenylového derivatu DPP (EA-Ph-DPP):
N,N’-EA-Ph-DPP: Purifikaci kolonovou chromatografii na silikagelu (220-440 mesh)
s mobilni fazi toluenem (Rf = 0,50) bylo ze surového produktu ziskano 0,51 g
oranzové krystalické latky (vytézek: 24 %). Bod tani 323 °C. 'TH NMR (500 MHz,
CDCls, ppm): d = 7,83 (m, 4H), 7,53 (m, 6H), 3,77 (m, 4H), 1,92 (s, 6H), 1,69-1,58 (m,
14H), 1,47-1,42 (m, 18H), 1,26 (s, 2H). CHN analyza: teoreticka = C 82,31 %; H
7,90 %; N 4,57 %, stanovena = C 82,43 %; H 7,71 %; N 4,64 %.

N,O’-EA-Ph-DPP: Purifikaci kolonovou chromatografii na silikagelu (220-440 mesh)
s mobilni fazi toluenem (Rf = 0,82) bylo ze surového produktu ziskano 0,38 g hnédé
krystalické latky (vytézek: 18 %). Bod tani 223 °C. "TH NMR (500 MHz, CDCls, ppm):
5=855 (d, ] = 7,0 Hz, 2H), 7,69 (d, ] =6,5 Hz, 2H), 7,55-7,51 (m, 3H), 7,48-7,42 (m,
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3H), 4,56 (s, 2H), 3,75-3,71 (m, 2H), 1,92 (s, 6H), 1,71-1,62 (m, 14H), 1,58-1,42 (m,
18H), 1,26 (s, 1H). CHN analyza: teoreticka = C 82,31 %; H 7,90 %; N 4,57 %,
stanovena = C 82,16 %; H 7,62 %; N 4,71 %.

O,0’-EA-Ph-DPP: Purifikaci kolonovou chromatografii na silikagelu (220440 mesh)
s mobilni fazi toluenem (Rf = 0,15) bylo ze surového produktu ziskano 0,09 g
intenzivné oranzové krystalické latky (vytézek: 4 %). Bod tani 270 °C. 'TH NMR (500
MHz, CDCls, ppm): & = 8,31 (m, 4H), 7,44 (m, 6H), 3,79-3,75 (m, 4H), 1,92 (s, 6H),
1,69-1,58 (m, 14H), 1,47-1,42 (m, 18H), 1,26 (s, 2H). CHN analyza: teoretickd = C
82,31 %; H7,90 %; N 4,57 %, stanovena = C 82,04 %; H 7,82 %; N 4,73 %.

3 Vysledky

U pfipravenych sérii findlnich alkylovanych derivatit DPP byla studovana nejen
reaktivita nukleofilni substituce jednotlivymi alkylbromidy, ale také u vybranych derivat
vliv charakteru a pozice alkylového fetézce na optické vlastnosti. U N,N’-ethyladaman-
tylového Th-DPP derivatu jsou zde navic popsany elektrické vlastnosti, které se ukazaly
byt zcela jedinecné. Pro jejich objasnéni bylo studovano také usporadani molekul tohoto
derivatu v prostoru pomoci rentgenové difrakéni analyzy (XRD).

3.1 Reaktivita N-alkylace derivata DPP

Na zékladé pomérné nizkych vytézkii N,N’-alkylace a vyskytu vétsiho mnozstvi
vznikajicich produktt v reakéni smési bylo zjisténo, Ze z divodu piitomnosti kyslikovych
atomti v molekule DPP je nukleofilni substituce zna¢né neselektivni a dochazi ke vzniku
moznych tautomernich forem. Kromé majoritniho N,N’-alkylovaného produktu tak
vznikaji vedlej$i N,O*- a O,0’-alkylované derivaty DPP.

Tabulka 1: Prehled reaktivity nukleofilnich alkylaci derivdtii DPP

N,N*-alkyl N,O*-alkyl 0,0"alkyl
Alkylovany derivat DPP —
Vytézek [%]

Dodecyl-thiofen DPP 75 6 -
2-Ethylhexyl-thiofen DPP 41 18 3
Ethyladamantyl-thiofen DPP 36 20 6
Dodecyl-fenyl DPP 63 - -
Ethyladamantyl-fenyl DPP 24 18 4

Zuvedené tabulky (Tabulka 1) je patrné, Ze charakter alkylového fetézce ma
pomérné vyrazny vliv na pribéh nukleofilni substituce na heteroatomy dusiku. U dlou-
hych nerozvétvenych dodecylovych fetézcti vznika dominantné N,N*-alkylovany derivat
s minimem vedlejSich produktii, zatimco u rozvétveného 2-ethylhexylového fetézce lze
pozorovat nejen vyrazny pokles procenta N,N*-substituovaného, ale vyznamné pfibyva
zejména N,O’-(2-ethylhexylového) derivatu. V pfipadé objemného ethyladamantylového
fetézce je posun v tomto trendu jesté znatelnéjsi. Hlavnim dtvodem je pravdépodobné
vznik sterickych repulzi, které maji za néasledek poniZeni regioselektivity nukleofilni
substituce a tedy vznik vedlejsich, N,O*- a O,0-alkylovanych derivatti. Roli zde hraje také
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charakter aromatickych substituenti v pozicich 3 a6, kdy v pfipadé derivati s objem-
néjsimi fenylovymi skupinami oproti thiofenovym dochazi pfi alkylaci stejnymi fetézci ke
znatelnému tbytku N,N’-substituovaného derivatu.

3.2 Optické a elektrické vlastnosti vybranych derivata DPP

Pro vybrané derivaty DPP, konkrétné 2-ethylhexylovy a ethyladamantylovy Th-
DPP, byla naméfena opticka spektra pro vsechny jejich izolované produkty. Studovan byl
vliv charakteru a také pozice alkylovych fetézcti na tyto vlastnosti.
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Obrizek 7: Absorpcni spektra série 2-ethylhexylem alkylovanych thiofenovych derivitii DPP
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Obrizek 8: Absorpcni spektra série ethyladamantylem alkylovanych thiofenovych derivitit DPP

Pro ethyladamantylem substituovany derivat v pozicich N,N* (Obrizek 8a) je mozné
pozorovat bathochromni posun absorpéniho maxima o pfiblizné 60 nm oproti N,N‘-(2-
ethylhexylovému) derivatu (Obrdzek 7a). Se zménou polohy alkylovych fetézcti u obou
typti derivatii pak sledujeme podobny trend ve vyvoji spektra. Charakter substituentu
zde jiz nehraje vyznamnou roli na absorp¢ni vlastnosti materialu.

E2

] T
Emise 1 F b)

----- Excitace = 1.0 |
ABS :

1.0

L DL
Fa) 0
r '

08 F

Norm. data

OAO:.l;. 1 |"'.;1.AJ: 0'0: | shes =
400 500 600 700 800 400 500 600 700 800
A [nm] A [nm]

Obrizek 9: Fluorescencni spektra N,N'-alkylovanych thiofenovyjch derivitii DPP
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Naopak u fluorescence hraje poloha alkylového fetézce zcela zasadni roli. V tenkych
vrstvach fluoreskuji pouze N,N’-substituované derivaty. Ethyladamantylovy (Obrdizek 9a)
derivat poskytnul velmi zajimava spektra s prekryvajicim se nultym fononem a vykres-
lenou vibracéni strukturou, zatimco 2-ethylhexylovy (Obrdzek 9b) derivat ma emisi
z nultého fononu jiz potlacenou a absorpéni i emisni piky jsou vice rozmyté. U emisniho
maxima ethyladamantylového derivatu je navic patrny vyrazny hypsochromni posun
o vice nez 100 nm vuéi 2-ethylhexylovému. Charakter alkylového fetézce tak md v tomto
pifipadé také klicovy vyznam.

Tabulka 2: Hodnoty energetickyjch hladin orbitalii a mobilit nosicii ndboje

HOMO LUMO He Hn
Derivat DPP 20,1 1 20,1 1
[eV] [eV] [em*V 's"] [ecm"V 's]
N,N*-(2-ethylhexyl)-thiofen DPP 2,69 5,16 - 4-107°
N,N*-ethyladamantyl-thiofen DPP 2,68 5,14 0,2 5-1072

Z ptislusnych derivatti (viz Tabulka 2) byly sestrojeny organické, polem fizené
tranzistory (OFET), ve kterych byly studovany mobility nosicli naboje téchto materialt.
Zatimco N,N’-(2-ethylhexylovy) Th-DPP vykazoval priimérné p-typové vlastnosti
s mobilitou dér viddu 103 cm?V-1s1, tak derivat sethyladamantylovym fetézcem
disponoval p-typovou charakteristikou ofad vyssi. Zcela necekané vsak tento derivat
prokazoval také n-typové vlastnosti s pomérné vysokou hodnotou mobility elektronti
0,2 cm? V-1 571, ktera se fadi k nadprimérnym i v oblasti malych molekul na bazi DPP,
optimalizovanych pro n-typové charakteristiky'”. N,N*-ethyladamantylovy Th-DPP tak
vynikd tzv. ambipodrnim chovanim, poskytujicim vyrovnané hodnoty mobilit obou typt
nosicti naboje, jak elektronti, tak dér. Diky tomu ziskava tento material obrovsky potencial
uplatnéni v OFET zafizenich a pfibuznych oblastech.

3.3 Rentgenova difrakéni analyza N,N’-ethyladamantyl-thiofenového DPP

Aby se blize prozkoumalo vySe zminéné ambipolarni chovani N,N’-ethyladaman-
tylového Th-DPP derivatu, byly dale studovany jeho prostorové usporadani a moleku-
larni interakce v pevném stavu. Monokrystaly tohoto derivatu byly vypéstovany
pozvolnym odpafovanim smési rozpoustédel dichlormethan/metanol 4/1 za laboratorni
teploty. Nasledna analyza byla provedena pomoci rentgenové difrakce (XRD).

Obrizek 10: Usporadani N,N -ethyladamantyl-thiofenového derivitu DPP v prostoru
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Analyza XRD naméfila vzdalenost mezi konjugovanymi jadry pfi agregaci rovinami
DPP jader k sobé pouhych 3,371 A (viz Obrizek 10), coZ je 0 0,414 A méné, nez v piipadé
N,N’-(2-ethylhexylového) Th-DPP'8. Pfitom diky objemnosti adamantylovych skupin se
predpokladal spise opacny jev, tedy nartist intermolekularnich vzdalenosti.

Uspoiadani molekul v prostoru
ovlivnéné adamantylovymi
substituenty

Obrizek 11: Adamantylem vyvolané skldddni molekul DPP v prostoru

Vysvétlenim je skutecnost, Ze ethyladamantylové postranni fetézce vyvolavaji
neobvyklé skladani molekul do tzv. triad (viz Obrdzek 11), které vedou k vyhodnéjsimu
mezimolekularnimu uspofadani konjugovanych jader v prostoru svyjimecné nizkou
vzdalenosti od sebe. Derivat tak vykazuje v tenké vrstvé mimotadnou krystalinitu, ktera
je s nejvétsi pravdépodobnosti, spolecné s planaritou molekul systému, zodpovédna za
jeho ambipolarni chovani.

4 Zavér

Nukleofilni substituci zakladnich skelett DPP pfislusnymi alkylbromidy byly
pripraveny 2 série alkylovanych derivatti DPP, thiofenovych a fenylovych. V dusledku
pritomnosti kyslikovych atomti v molekule DPP dochézelo pii alkylaci ke vzniku
tautomernich forem vedoucich k vedlejsim produktiim. Ukazalo se, Ze pomérné vyrazny
vliv ma na prubéh reakce charakter alkylového fetézce, kdy nerozvétvené témer
selektivné poskytuji zZadouci N,N‘-alkylovany produkt, zatimco objemné ¢ rozvétvené
fetézce zplsobuji znacnou neselektivitu reakce a pozorovan je vznik N,O- a O,0*-
substituovanych derivati.

Charakter alkylového fetézce ma vliv také na optické vlastnosti vyslednych
derivati. Zatimco u absorpénich spekter hral minimalni roli jak charakter, tak pozice
alkylového fetézce, u fluorescencnich spekter byly oba faktory zcela zasadni. V pevné fazi
fluoreskovaly pouze N,N‘-substituované derivaty a u ethyladamantylového Th-DPP byl
navic pozorovan velmi zajimavy pfekryv nultého fononu, zatimco 2-ethylhexylovy
derivat vykazoval velky Stokestiv posun, typicky pro vétsinu derivata DPP.

Pri méfeni mobilit nosi¢t néboje bylo navic pro N,N’-ethyladamantylovy Th-DPP
derivat zjisténo, Ze zavedeni objemné adamantylové skupiny do skeletu DPP pfinasi zcela
zasadni a doposud v literatufe nepopsany vliv na elektrické vlastnosti. Pouhym jednim
syntetickym krokem tak bylo docileno ambipolarnich vlastnosti s hodnotami mobilit zcela
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srovnatelnymi se zatim nejvyssimi popsanymi u materialu cileného nékolikastupriovou

syntézou pravé na tyto vlastnosti. V oblasti pouze N,N’-alkylovanych derivatii DPP, bez

jakékoliv dalsi modifikace skeletu, jsou tyto hodnoty zcela unikatni, onékolik fadit

prevysujici ostatni derivaty. Existence ambipolarniho chovani byla nasledné zdtivodnéna

pomoci analyzy rentgenovou difrakci (XRD), kterd odhalila vysokou krystalinitu

a vyhodné usporddani molekul derivatu v prostoru, vyvolané pravé pritomnosti objem-
nych adamantylovych skupin.
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1 Uvod

Rozvoj novych organickych materialtt vykazujicich fluorescenci v pevné fazi
vyvolava velky zdjem zdGvodu Siroké skaly mozného uplatnéni. Zde pfipravené
pevnofazové fluorescen¢ni barviva na baze para-bis(2- thienyl)phenylenu mutizou najit
uplatnéni v oblasti organickych pevno-fazovych laserti, optickych vlaken, jako
fluorescenc¢ni sondy pro zobrazovani DNA, nebo v oblasti organickych svétlo emitujicich
diodach (OLED systémech). Dnes vyuzivané a komercné dostupné latky se potykaji
s problémy, jako je nizka ucinnost, nizka stabilita, nebo nizka hodnota fluorescence
v pevné fazi. Z toho diivodu je kladen veliky diraz na odstranéni téchto nedostatkti jiz na
molekularni arovni, kde hraji hlavni roli strukturalni parametry, jako torzni uhly, rigidita,
nebo planarita molekul obsahujicich m-konjugované systémy. Para-bis(2-thienyl)fenylen
pfedstavuje molekulu s vysokym potencidlem pro vySe zminované aplikace, z toho
dtavodu jsme se v této praci zaméfili na vliv fluoru jako elektronakceptorniho substituentu
alokovaného na centralni fenylové jednotce a taky na vliv pozice (in, out) solubilizacnich
dodecylovych  postrannich fetézci na thiofenovych jednotkach  para-bis(2-
thienyl)fenylenu na kvantové vytézky fluorescence v pevné fazi. Bylo zjisténo, Ze omezeni
rotace mezi aromatickymi jednotkami ma vliv na konjugaci, kterou zlepsuje a tim zvy3suje
mobilitu naboje, coz je vhodné pro aplikaci v organickych tranzistorech fizenych
elektrickym polem (OFET) systémech. Naopak zavedeni objemnych skupin vytvoii
sterické zabrany, nedojde k tésné organizaci molekul a tim se omezi mobilita naboje. Tahle
modifikace je velice vhodna pro aplikace v OLED systémech, kde neni zadouci vedeni
naboje, ale vyzafeni fotonu pii deexcitaci excitovaného elektronu v dané molekule.!

Vyuziti fluoru v dané problematice ma nékolik zasadnich aspekti: snizuje HOMO a
LUMO hladiny a taky zlepsuje samoorganizaci molekul. Kromé toho vynika vazba C-F
svou vysokou energii, coz by mohlo mit za nasledek zvyseni termické stability molekuly.
V pfipadé pouziti tetrafluorovaného centralniho fenylu a soucasné alkylovych
substituentti na thiofenovych jednotkach byla zjisténa nevazebna interakce mezi fluorem a
vodikovym atomem alkylového fetézce, coz zptisobilo zmenseni torzniho uhlu. Zmenseni
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tozniho uhlu mélo za nasledek tésnou organizaci molekul a tim zvySeni mobility naboje.
Z toho diivodu by byly tyhle molekuly vhodné pro aplikaci v OFET systémech.!

Vzhledem k dobrym vlastnostem v pfipadé pouziti solubilizujicich dodecylovych
skupin, byl na zdkladé kvantové chemickych vypocta pripraven dalsi derivat s vyuzitim
ethyladamantanu jako solubilizujici skupiny.? Adamantan patfi do skupiny
polycyklickych nasycenych uhlovodikii a pfedstavuje nejmensi jednotku zfady
diamantoidti. Diamantoidy v sobé ukryvaji nékolik velice dilezitych vlastnosti jako je
vynikajici schopnost tvofit vysoce organizované systémy, extrémni mechanickd pevnost,
odolnost viici nékterym chemickym reagentiim, opticka priihlednost, Siroky zakazany
pas, vysoka odolnost viic¢i radiaci a taky vysoka tepelna stabilita a vodivost. Kratce po
objeveni bylo prokazano, ze nemaji témér zadné negativni i¢inky na zivé buriky a taky, ze
je mozna produkce nanomolekul pro krystalické filmy. To pfedurcilo jejich aplikaci v
oblasti mediciny a taky pokrocilych materiald.? Na rozdil od komeréné dostupnych
organickych komplexiti vyuZzivanych pro organickou elektroniku, jako tieba
(hydroxyquinolin)aluminum (Alq3) komplexy, kterych syntéza je narocnd, financné
nakladna, zdlouhava a snizkym vytézkem, zatimco thienyl-phenylenovy derivat
obsahujici ethyl-adamantanovou skupinu je mozné pfipravit mnohonasobné jednodussi
syntetickou cestou, s nizéi finan¢ni narocnosti, s mnohem mensim dopadem na Zivotni
prostfedi a s vyrazné vyssim vytézkem. Na druhou stranu ndm dana latka poskytne velice
vysoké hodnoty kvantového vytézku fluorescence v pevné fazi (v modré oblasti spektra).
Hodnoty kvantového vytézku jsou srovnatelné, nebo dokonce prekonavaji hodnoty
organickych komplexti. V neposledni fadé se thienyl-phenylenovy derivat obsahujici
ethyl-adamantanovou skupinu vyznacuje extrémni termickou odolnosti, ktera byva
hlavnim problémem dnes dostupnych soucastek v organické elektronice. Z toho diivodu
ma implementace objemnych a chemicky inherentnich fragmentti typu adamantanovych
derivatu velky potencial pfi konstituci funkcnich systémti, vyuzitelnych v riiznych
oblastech organické a bio-organické elektroniky.?

2 Experimentalni cast

Synteticky piistup pro pfipravu jednotlivych derivatii tvofili hlavné cross-
kaplingove reakce. Slouceniny 12-14 byly pfipraveny standardnim postupem dle
dostupné literatury.5¢ Pro navazani ethyladamantylu- a dodecylu- na thiofenovou
jednotku byl vyuzivan Kumada kapling, a nasledné pro piipravu konecnych produktt se
jako nejlepsi ukazala syntetickd cesta svyuzitim Stilleho kaplingu. Pro analyzu a
potvrzeni struktur byly vyuzity metody GC-MS a NMR analyzy. Prostorové usporadani a
organizace molekul bylo zjisténo vyuZzitim rentgenostrukturni analyzy.

2.1 Chemikalie
Sigma-Aldrich:

Hoicik (p.a.), diethyl etther (p.a.), [1,3-bis(difenylfosfino)propan]dichlornikl, [1,1"-
bis(difenylfosfino)ferrocen]dichlornikl, =~ N,N -  dimethylformamid (p.a.), N-
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bromosuccinimid (99 %), tetrahydrofuran (p.a.), n-butyllithium (2,5 mol - mol-1, hexan),
tributylcinchlorid (96 %), 1,4-Dibromobenzen (98 %), Celite 545,

Penta:

Siran sodny — bezvody, petrolether (p.a.), aceton (p.a.),
Lachner:

Aktivni uhli - silvarbon prasek,

2.2 Pristroje

NMR - Bruker Shield 300 MHz [ppm], Me4Si (0 ppm), CDCl4
GC-MS - THERMO FISCHER ITQ 700

Koflertiv blok — nekalibrovany

TLC - Supelco

2.3 Piiprava derivatu 2

C12H25 . C12H25
< B 2 sn@Bu3 g SnBu)s

(1) ()

Obrazek 1 - Pfiprava derivatu 2

Ve vysusené 3-hrdlé barice pod inertni atmosférou argonu byl ve 4 ml bezvodého
THF za refluxu michan hoi¢ik (0.28 g, 12 mmol) spole¢né s katalytickym mnozstvim jodu.
Nasledné bylo prikapano 2.60 g, 7.8 mmol 2-bromo-3-dodecylthiofenu (1) rozpusténého
v 16 ml s bezvodém THEF. Vznikla reak¢ni smés byla michdna za refluxu po dobu 120
minut. Pfipraveny intermediat byl poté pomoci stfikacky pfikapan do roztoku 2.8 g, 8.6
mmol BusSnCl v 10 ml bezvodého THF pfi teploté -78 °C. Reakéni smés byla michana za
konstantni teploty a po jedné hodiné byla postupné zahtata na pokojovou teplotu. Pti
pokojové teploté byla smés michana 18 hodin. Reakce byla ukoncena nalitim do vody a
smés byla extrahovana etherem, poté spojené organické frakce extrahovany vodou.
Organické faze byla vysusena pomoci MgSOs: filtrovana s aktivnim uhlim pres kfemelinu
a rozpoustédlo bylo odpareno rota¢ni vakuovou odparkou. Produkt reakce byl bez
purifikace pouzit do dalsich reakci.
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2.4 Priprava ,,in” alkylovaného derivatu 4

s_ Sn(Bu);  Br F
@ + 1. DMF

Ci2Has F Br 2. Pd(PPhj),
F

() 3)

Obrézek 2 - Piiprava ,in” alkylovaného derivatu 4

Produkt 2 predchozi reakce (2 g, 3.7 mmol) byl nasledné rozpustén spolecné s 0.4 g,
1.3 mmol, 1,4-dibromotetrafluorobenzenem v 50 ml bezvodého DMF a smés byla zbavena
plynt pomoci argonu. Do pfipravené smési bylo pfidano 0.22 g, 0.19 mmol katalyzator
Pd(PPhs)s a reak¢ni smés byla michana pfi teploté 110 °C pod inertni atmosférou po dobu
16 hodin. Po 16 hodinach bylo rozpoustédlo odpateno a surovy produkt byl ¢istén pomoci
kolonové chromatografie se silikagelem jako stacionarni fazi a hexanem jako fazi mobilni.
Vysledny produkt byla pevna latka mlééného zbarveni s vytézkem 0.55 g / 56 %. Struktura
konecného produktu byla potvrzena pomoci NMR a MS-MALDI.
NMR: HNMR: d (ppm): 7,49 (d, ] = 5,16 Hz, 2H), 7,01 (d, ] = 5,16 Hz, 2H), 2,51 (t, ] = 8,12
Hz, 4H), 1,59 (m, 4H), 1,30-1,19 (m, 36H), 0,89 (t, ] = 6,4 Hz 6H). °F NMR: d (ppm): -139,13
(s, 4F).
Teoretické zastoupeni prvkit v C38H54F452: C, 70,11 %; H, 8,36 %; S, 985 %. Stanovené
procentualni zastoupeni prvka v: C, 70,18 %, H, 8,42 %, S, 9,89 %.
HR MALDI-MS: C38H54F4S2 [M+H]+: naméfeno m/z 650,3629; naméfeno m/z 651,3631

2.5 Priprava derivatu 7

OH Br

aq. HBr
e

(6) (6a)

Obrazek 3 - pfiprava derivatu 6a
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Br

/N, Mo
S s

®) (6a) @)

Obrézek 4 - Piiprava derivatu 7

Do tfihrdlé banky bylo pfidano 115 ml (0,981 mol) 48% kyseliny bromovodikové a
22,1 g (0,123 mol) latky 6. Vznikla heterogenni smés byla michana pfi refluxu po dobu
22 hodin. Nasledné byla smés ochlazena a extrahovana chloroformem. Spojend organicka
faze byla poté promyta 96% kyselinou sirovou, 10% hydrogenuhlicitanem sodnym
a vodou. Organicka faze byla vysuSena pomoci Na250y, filtrovana s aktivnim uhlim pies
kfemelinu. Rozpoustédla byla odpafena na rota¢ni vakuové odparce. Produkt byl
purifikovan rekrystalizaci z methanolu. VytéZzek reakce ¢inil 27,35 g / 92 %.

Ve vysusené 3-hrdlé barice pod inertni atmosférou argonu byl smichan hot¢ik 0,5 g
(18,8 mmol), 50 ml suseného, Cerstvé destilovaného etheru a katalytické mnozstvi jodu.
Smés byla michana za refluxu a bylo prikapano 3,44 g (14,141 mmol) latky 6a rozpusténé v
50 ml etheru. Reakéni smés byla michana pfi refluxu 2 hodiny. Pfipraveny roztok
Grignardova reagentu byl postupné pfidan k 2,1 g (12,856 mmol) 3-bromthiofenu
rozpusténém ve 30 ml suSeného, Cerstvé destilovaného etheru s 0,015 g katalyzatoru
Ni(dppp)Cl2 pfi teploté 0°C po dobu 40 minut. Nasledné byla reakéni smés pfivedena k
refluxu po dobu 30 minut. Rekéni smés byla poté michana 16 hodin pfi pokojové teploté.
Reakce byla ukoncena nalitim do studeného vodného roztoku chloridu amonného. Smés
byla extrahovana etherem a 2 dichlormethanem. Spojena organicka faze byla poté
extrahovana vodou. Organicka faze byla vysusena pomoci Na2SOs, filtrovana s aktivnim
uhlim pfes kfemelinu. Rozpoustédla byla odpafena na rotacni vakuové odparce a byla
ziskana zluta kapalnd latka. Hmotnost surového produktu byla 2,76 g.

Produkt reakce byl ¢istén kolonovou chromatografii za vyuziti silikagelu jako
stacionarni faze a heptanu jako mobilni faze. Frakce 15 az 34 obsahovali produkt reakce
latku 7. Vytézek reakce ¢inil 1,37 g / 43,2 %. Produkt byl potvrzen GC-MS a NMR
analyzou.

GC-MS: teoretické [m/z]: 246,41; stanovené [m/z]: 246,62; Cistota:92%

NMR: H NMR: d (ppm): 7,24-7,21 (m, 1H), 6,94-6,90 (m, 2H), 2,61-2,56 (m, 2H), 1,98-1990
(m, 3H), 1,75-1,63 (m, 6H), 1,54-1,52 (m, 6H), 1,43-1,39 (m, 2H).

Teoretické procentualni zastoupeni prvkit v: C16H22S: C, 77,99 %; H, 9,00 %; S, 13,01 %.
Stanovené procentualni zastoupeni prvkt v: C, 77,85 %, H, 9,08 %, S, 13,07 %.
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2.6 Priprava derivatu 8

/ NBS /o

> Br

s DMF s

(7) (8)

Obrazek 5 - Pfiprava derivatu 8

Ve vysusené bance pod intertni atmosférou argonu bylo rozpusténo 0,8 g (3,247
mmol) latky 7 v5 ml dimethylformamidu. Poté bylo prikapano 0,64 g (3,571 mmol)
bromacniho ¢inidla N-Bromosuccinimidu (NBS) rozpusténého v5ml
dimethylformamidu. Reakéni smés byla michdna pres noc. Priibéh reakce byl
monitorovan pomoci TLC. Reakce byla ukoncena naliti do ledové vody. Smés byla
extrahovana etherem, poté byly spojené organické frakce extrahovany vodou. Organické
faze byla vysuSena pomoci NaxSOs filtrovana s aktivnim uhlim pfes kfemelinu a
rozpoustédlo bylo odpafeno rota¢ni vakuovou odparkou.

Produkt reakce byl ¢istén kolonovou chromatografii za vyuziti silikagelu jako
stacionarni faze a petroléteru jako mobilni faze. Frakce s Rf 0,75 byly smichany a zbaveny
rozpoustédel. Vytézek reakce ¢inil 1,04 g / 89,5 %. Produkt byl potvrzen GC-MS a NMR
analyzou.

GC-MS: teoretické [m/z]: 325,31; stanovené [m/z]: 325,99; Cistota 94 %

NMR: H NMR: d (ppm): 7,17 (d, J%45,58 Hz, 1H), 6,78 (d, J¥45,58 Hz, 1H), 2,55-2,48 (m, 2H),
1,99-1,92 (m, 3H), 1,71-1,62 (m, 6H), 1,50 1,41 (m, 6H), 1,34-1,26 (m, 2H).

Teoretické procentualni zastoupeni prvka v: C16H21BrS: C, 59,07 %; H, 6,51 %; S, 9,86 %.
Stanovené procentualni zastoupeni prvki: C, 59,15 %, H, 6,58 %, S, 9,72 %

2.7 Ptiprava derivatu 9

/ \ 1. nBulLi / \

< By 2 (Bu);SnCl

(8) (9)

Obrazek 6 - Piiprava-derivatu 9

Sn(Bu)j
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Do vysuSené banky pod inertni atmosférou argonu bylo pfidano 0,8 g (2,459 mmol)
latky 8 a 15 ml bezvodého tetrahydrofuranu. Reakéni smés byla ochlazena na -78 °C, do
reakéni smési byl pfidan 1 ml n-BuLi. Reakéni smés byla michana pii teploté -78 °C po
dobu 100 minut. Bylo pfidano 0,9 g (2,705 mmol) (Bu)sSnCl. Smés byla nasledné ohrata
samovolné na laboratorni teplotu a michana pfes noc. Reakce byla ukoncena nalitim do
vody a smés byla extrahovana etherem, poté spojené organické frakce extrahovany vodou.
Organické faze byla vysusena pomoci Na2504 filtrovand s aktivnim uhlim pies kiemelinu
a rozpoustédlo bylo odpafeno rotacni vakuovou odparkou. Produkt reakce byl bez
purifikace pouzit do dalsich reakci.

2.7 Priprava derivatu 11

Br
S
/o ' > | g \
S Sn(Bu)s Br
9) (10) (11)

Obrézek 7 - Pfiprava derivatu 11

Do vysusené bariky pod inertni atmosférou argonu bylo pfidano1,05 g (1,961 mmol)
latky 9 a 15 ml bezvodého DMF spolecné s 0,2 g (0,784 mmol) 1,4-dibrombenzenem.
Systém byl zbaven kysliku nékolikanasobnou evakuaci a saturaci argonem a byl piidan
paladiovy katalyzator Pd(PPhs)s Reakéni smés byla zahtata na 130 °C a po 12 h byla
reakéni smés ochlazena na pokojovou teplotu a nalita do vody obsahujici 2 ml kyseliny
chlorovodikové. Do reakéni smési byl pfidan toluen, aktivni uhli a smés byla filtrovana
pre kiemelinu. Smés byla po pridavku 20 ml 0,5M roztoku fluoridu draselného
extrahovana vodou a nasledné vodni faze byla extrahovana toluenem. Organické faze
byly spojené a odpafeny pomoci rota¢ni vakuové odparky.

Produkt 11 byl ¢istén precipitaci a kolonovou chromatografii. Pfi precipitaci byl
produkt smichan s heptanem a byl pozorovan vznik hnédého precipitatu. Kapalna faze
byla déle ¢isténa kolonovou chromatografii za vyuziti silikagelu jako stacionarni fazi a
heptanem jako mobilni fazi. Vytézek ¢inil 0,19 g / 42,7 %. Produkt byl potvrzen NMR
analyzou.

NMR: 1H NMR: d (ppm): 7,47 (s, 4H), 7,23 (d, ] 45,16 Hz, 2H), 6,97 (d, J¥45,16 Hz, 2H),
2,68-2,63 (m, 4H), 1,97-1,92 (m, 6H), 1,73-1,60 (m, 12H), 1,48-1,41 (m, 12 H), 1,45-1,39 (m,
4H).
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Teoretické procentualni zastoupeni prvkit v: C38H4652: C, 80,51 %; H, 8,18 %; S, 11,31 %.
Stanovené procentudlni zastoupeni prvka: C, 80,72 %, H, 8,21 %, S, 11,07 %.

3 Vysledky a diskuze

Ze ziskanych vysledki je zfejmé, Ze zménou pozice postrannich fetézctt doslo ke
zméné kvantovych vytézku fluorescence v pevné fazi u derivati para-bis(2-
thienyl)phenylenu. Kvantové vytézky bylo mozné posunout az k hodnotam 40 %
(derivat 14) z ptvodnich 4 % u zékladniho nefluorovaného derivatu (12). Tetrafluorovany
derivat (13) salkylovymi fetézci v pozici ,out” poskytl vyrazny narust kvantového
vytézku fluorescence na hodnotu 25 %. Narust byl zplisoben silnéjsi intramolekularni
vodikovou vazbou (vazba H-F u derivatu 13 je silnéjsi nez vazba H-S u derivatu 12), které
zpusobuje omezeni volné rotace mezi thiofenem a benzenem. Kromé vodikovych vazeb je
zde i prispévek postrannich alkylovyck skupin které vytvari stérické zdbrany, ztézujici
organizaci molekul v prostoru. V pfipadé pozice ,in” byl dosaze u derivatu 14 kvantovy
vytézek fluorescence ptiblizné 40 % z dtivodu silnéjsich repulzi mezi alkylovymi fetézci.
Na druhé strané u fluorovaného derivatu 15 s alkylovymi fetézci v ,,in” pozici dochazelo
kinterakci fluoru salkylovym fetézcem a tim sniZeni stérické zabrany a i rapidnimu
poklesu hodnoty kvantového vytézku fluorescence. V pevné fazi Tento duvod byl
objasnén vyuzitim rentgenové strukturni analyzy (XRD) na vypéstovaném krystalu latky
14 a 15, pficemz dochazi klepsi planarizaci systému v molekule 15 a tim usnadnéni
pfenosu elektroni mezi molekulami, které zpflisobuje sniZeni kvantového vytézku
fluorescence (Obrazek 9).!

F F
S S ) S
Hs5C 15 CisHzs  HasCag CizHas
(12) F o F
H25C 15 (14) CizHzs H25C1; F s F CiaHazs

Obrazek 8 - Série molekul vychézejicich z para-bis(2-thienyl)fenylenu!

107



Obrézek 9 - XRD fluorovaného a nefluorovaného "in" derivatu para-bis(2-thienyl)fenylenu!

Pripravena molekula 11 poskytuje fluorescenci modré oblasti spektra, kde se dnes
dostupné latky vyznacuji vysokou nestabilitou a kratkou dobou zivota, pricemz
ethyladamantylovy derivat vykazuje vysokou odolnost a vysoky bod tani sahajici
k hodnoté 250 °C, co dokazuje vysokou termickou stabilitu této slouceniny. Navic je
syntéza molekuly mnohem jednodussi a poskytuje nékolikanasobné vyssi vytézky, nez je
tomu u komercéné dostupnych organickych komplexti. Kromé jiz zminénych vlastnosti
vykazuje pripravena molekula i velice vysokou miru organizovanosti a usporadani
molekul. Z dtivodu lepsiho pochopeni prostorového usporadani molekul byla provedena
XRD analyza na vypéstovaném krystalu (Obrazek 10). Z XRD analyzy je ziejmé, ze za
organizaci jsou zodpovédné na jedné strané vodikové vazby mezi thiofenovou jednotkou
a postrannim adamantanovym fetézcem (A), a taky zasluhou tvorby molekularnich part
samotnym adamantanem (B ) .2
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Obrazek 10 - XRD ethyladamantylového derivatu para-bis(2-thienyl)fenylenu?

BI3079

Obrazek 11 - Fluorescence ethyladamantylového derivatu para-bis(2-thienyl)fenylenu v modré oblasti spektra
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4 Zavér

Uvedena prace se zabyva studiem a syntézou derivatii na baze para-bis(2-
thienyl)fenylenti. Je zde demonstrovdna fundamentalni studii efekt(i jak atomii flouru
jako elektronakceptorniho substituentu alokovaného na centralni fenylové jednotce, tak
pozic alkylovych skupin na thiofenovych jednotkach na kvantové vytézky fluorescence
v pevné fazi. Na zakladé detailniho porovnani vlivu pfitomnosti fluoru a pozice (in, out)
solubiliza¢nich postrannich fetézcti na thiofenovych jednotkach, bylo zjisténo, ze pozici
postranniho fetézce je mozné vyrazné zvysit hodnoty kvantovych vytézka fluorescence
v pevné fazi. Kromé toho vykazovali tyto latky i vysokou termickou stabilitu kdy teplota
presahovala hodnotu 200 °C. Pripravené latky vykazujici vysoké hodnoty kvantovych
vytézkii fluorescence v pevné fazi jsou vysoce atraktivni z pohledu siroké skaly jejich
moznych aplikaci, mezi které se fadi organické pevno-fazové lasery, opticka vlakna,
fluorescen¢ni sondy pro zobrazovani DNA, OLED systémy a dalsi. V pfipadé
fluorovaného derivatu 15 kde byla hodnota fluorescence nizkd, je mozné uplatnéni
v oblasti OFET systému z divodu lepsi planarizace molekuly.

V pfipadé pouziti ethyl-adamantylové skupiny poskytuje derivat nejvyssi kvantovy
vytézek fluorescenci v pevné fazi v modré oblasti spektra kdy hodnota kvantového
vytézku presahuje 50 %. Ve srovnani s komeréné dostupnymi komplexnimi molekulami
miizeme mluvit o vynikajicim vysledku. Navic, na rozdil od komplexnich sloucenin se
jedna o jednoduchou strukturu, kterou je mozné pripravit podstatné méné naro¢nou
syntetickou cestou, niz8i finanéni narocnosti, mnohem mensim dopadem na Zivotni
prostiedi a s vyrazné vyssim vytézkem. Kromé toho vykazuje ethyl-adamantylovy derivat
(11) vysoky bod tani presahujici 250 °C. Tento novy derivat ma pravé diky témto
vlastnostem hodné velky potencidl pro uplatnéni v elektronickém pramyslu. Pfipravena
molekula 11, spliuje vSechny atributy pro aplikaci v oblasti organické elektroniky,
konkrétné pro pouziti v OLED systémech vzhledem k vysokym vytézktim fluorescence v
pevné fazi (nad 50 %) porovnatelnymi a v nékterych pripadech i prevysujicimi komercné
dostupné latky zalozené na organickych komplexech.
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1 Introduction

Everlasting rise of price, shrinking sources of non-renewable resources, ecology of
most industrial processes or even utilization of waste as material. All of this, and many
more factors, leads us in search for new green technologies for refining or new resource
for industry. Lignin has a great potential in this sphere, as it abundant in nature and is
considered a waste in pulp production”.

The wood is composed of approximately 20 to 35% of lignin®. The composition of
rest is cellulose, hemicelluloses and extractives. If we produce pulp from lignin, we try to
isolate polysaccharide part of wood (cellulose and some hemicelluloses) from aromatic
part (lignin)''. During process of pulp production in pulp mill, lignin is dissolved along
with other organic compounds and inorganic salts in form of black liquor, that goes to
regeneration cycle. Pulp (main product of pulp mill) is washed, bleached and exported, or
directly used for paper production. But our main interest is on lignin in regeneration
cycle. It is burned in regeneration boiler, along with other organic compounds. If we can
separate lignin from black liquor, we may take away part of energy gained in process of
burning, but we can use gained lignin to produce organic compounds!!, materials like
carbon nanotubes or others, and even in form of fuel, if we find a way to condense its
energy.

But main advantage of lignin in industry is his renewability®. Thus, we can assume,
if handled carefully and not exploited, we may create a never ending source of materials,
chemicals and fuels. We need only to find a way to produce them. One of such ways may
be catalysis with catalyst capable of effective conversion.

Requirement for such catalyst will be low cost per conversed unit of lignin,
selectivity of specifically compounds in selected conditions, low energy demand for
catalysis, no toxicity, good renewability or way to reuse it and many others, depending on
type of catalysis. Finding such catalyst that can meet such demanding conditions may be
problematic and would require a lot of testing, but if successful, it will be worth the effort.
As outcome, we will probably gain variety of products that, if separated, will provide us
steady income of resource, fuel or material *
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2 Experimental methods

Experimental part of this paper is devoted to methods used in search of catalyst,
with desired properties and useable products. In first stages, bio-fuels were desired
targets. As more results were obtained, chemicals were more realistic ones.

2.1 Isolation of lignin

Lignin used in this paper was obtained by isolation from black liquors, supplied by
OP Papirna, s.r.o. (Olsany, Czech Republic), where it was manufactured by sulphur-free
process. Isolation was performed as follows.

Portion of black liquor was moved into 3 or 4 litre beaker. Then sulphuric acid
(50% weight) was added till pH of 3 was reached. During this process, lot of foam was
formed and lignin was precipitated. Formed lignin was left to settle on bottom of beaker,
and then the solution was evacuated, while lignin was left on bottom. Deionised water
was added, solution was stirred and lignin was again left to settle at bottom. Then water
was evacuated and we repeated this addition of water 4 to 5 times. In last addition, lignin
was separated at biichner funnel and dried by lyophilisation for duration of 24 hours.
Then it was stored in closed container in dark dry place.

2.2 Thermo-gravimetric analysis

Thermo-gravimetric analysis was used to determine reaction temperature with best
lignin degradation. It was performed on thermo-gravimetric analyzer Mettler Toledo
TGA/DSC 1. Before measuring, sample needs to be homogenized. Then, sample of 5 to 10
milligrams was weighted and used in measurement. Both reduction atmosphere, formed
by nitrogen, and oxidation atmosphere, created by use of air, was used. Flow during
measurement was 50 millilitres for reduction atmosphere and 100 millilitres for oxidation
atmosphere. Protecting gas for scales was argon with continuous flow. Technique that was
used is listed as follows (for both oxidative and reductive atmosphere):

o fixation of sample - 3 minutes at 30°C isothermally
¢ heating to 800°C with 10°C per minute step
e finishing of measurement - 3 minutes at 800°C isothermally

2.3 Reactor

Reactor used was composed of inner container and outer shell. The inner container
was used for storing the sample of lignin, catalyst and water. When sample was put inside
of it, inner container was fixed by metal rings and put in outer shell, which function was
heating. Gas valves were used to create desired atmosphere. Safety valve was also
present. Stirring and heating was controlled through control unit.

Standard sample was composed of 10 grams of isolated dry lignin, 40 millilitres of
deionised water and catalyst. As catalyst, platinum coated carbon and oxalic acid was
used. Atmosphere inside the reactor was created by hydrogen, with beginning pressure at
2 bars. Reactor was heated up to 300°C and keep at this temperature during 2 hours.
Temperature and pressures were noted. After this time, reactor was cooled, gases inside
were released and reactor was opened.
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Three phases were gained. Ash phase, water phase and oil phase. Ash phase was
separated with filter and washed with dichloromethane, which was later added to oil
phase. It was then tested to ash content by annealing. Water and oil phase were separated
in separating funnel. Water phase was considered a waste, and oil phase was our product.
Oil phase was cleaned on vacuum evaporator (from dichloromethane) and analyzed with
gas chromatography with mass spectrometer for its composition, and on calorimeter for
its burning heat.

2.4 Calorimetric bomb

Calorimetric bomb was used to determine the heat produced after combustion of
materials. Sample input was weighted with 0,1 milligram error in calorimetric pot, along
with wire and cotton string. Than it was placed inside of calorimetric container, that was
fixed with metal ring. The container was pressurized with oxygen and set up inside
calorimeter. Values were inputted through console and measurement was started. After
measurement, machine calculated heat produced by burning of sample. This was repeated
at last 3 times to produce statistically significant result.

2.5 Gas chromatography with mass spectrometer

Gas chromatograph GC 7890A along with mass detector 5975C were used to detect
products of catalysis. Column of HP-5MS type of size 30mx250umx0.25um was used.
Sample size was 1 micro litre, while injector was of temperature 280°C and flow was 1,5
millilitre of carrying gas (helium). Temperature settings were as following:

e 4 minutes at 40°C
o heating to 100°C with 10°C per minute step
e heating to 300°C with 20°C per minute step
e 4 minutes at 300°C
Detected spectra were identified with help of Wiley and NIST database.

2.6 Pyrolysis

Dry pyrolisis with addition of catalyst was conducted inside analytical pyrolyzer
connected to gas chromatograph with mass spectrometer. Output was mass spectra,
identified with help of Wiley and NIST database. There were three catalyst used, namely
iron oxide, nickel oxide and zeolite in Y-sit H-form. In formations gained in this
experiment were only bringing us information of potential products.

3 Results

In addition, composition of lignin was analyzed and results can be seen in table 1.
Percentage used in table 1 is always weight percentage and oxygen atomic content is
calculated as rest (addition to 100%).
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Table 1: Some properties of lignin used in experiment

Elementary composition [% Humidity Ash content Combustion1 heat
N [ ¢ [T H [ s o [%] [%] MJ kg'']
120 | 6554 | 6.17 | 0.04 27.05 16.17 0.37 23.61

In following table (table 2) we can observe yields of oil phase based on addition of
catalyst. Table 3 show heat produced when this oil is burned, once again, based on
amount of added catalyst.

Table 2: Yields of oil phase based on experiment conditions

Experiment conditions
H 0,
Tem‘[ieéft”re PY/C addition [g] | C.H2O4 addition [mol] Yield [% mass]
300 0.107 0.485 16.2
300 0.339 0.485 7.7
300 0.107 1.615 20.6
300 0.339 1.615 19.3

Table 3: Results of measured combustion heat based on experiment conditions

Temperature [°C] 300 300 300 300
Pt/C addition [g] 0.101 0.101 0.339 0.339
C,H,04 addition [mol] 1.615 0.485 1.615 0.485
Combustion heat [MJ kg™'] 30.74 33.35 31.59 30.82

3.1 Thermo gravimetric analysis

In figure 1, we can observe degradation curve on lignin in oxidation or reduction
atmosphere. In figure 2, we can observe derivation of the first curve, which will serve us
much more, as we can determine degradation speed of lignin rather easily.

100 ¢

%
Sample: Lignin_H2504_pH3_DM_alr, 11,3700 mg
Sample: Lignin_H2504_pHa_DM_N2, 14,9800 mg

25 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 °C

0 5 10 15 2 2 EQ) 35 0 a5 50 55 60 65 7 75 80 min

Figure 1: TG curve of thermolysis of lignin used in experiments
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sample: Lignin_H2504_pH3_DM_air, 11,3700 mg
sample: Lignin_H2504_pH3_DM_N2, 14,9800 mg

o040 1 25 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 °C

0 s 10 15 20 25 20 £ 0 45 50 55 60 65 70 5 80 min

Figure 2: DTG curve of lignin used in experiments

We can observe that degradation begins in both oxidative and reductive atmosphere
at 300 °C and yet, it is not fast enough to break lignin to smallest parts. Thus we can
assume that temperature of 300 °C will be best to use in catalyzed reaction.

3.2 Gas chromatography with mass spectrum analysis

In figure 3 we can observe, that gained products were abundant in variety.
Separation will be problematic if we desire pure compounds of bigger molar mass, as they
form in large clusters of similar compounds. Yet we can expect to isolate products of low
molar mass with more success as they are more separated. With respect to range of this
paper, only one of four obtained chromatographs is included. More to the results of
obtained products will be discussed in conclusions part of this paper.
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Figure 3: Chromatograph of oil phase obtained by catalyzed conversion of lignin
in conditions of 300 °C with addition of 0.101 g Pt/C and 1.615 mol oxalic acid
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4 Conclusions

Former objective of this research was to create a new source of bio fuels. As
observed in tables 2 and 3, results were not satisfactory. The combustion heat from 30 to
33 MJ kg is better that wood (20 MJ kg for dry wood)™ the lignin itself (23.61 MJ kg)
slightly better than ethanol (28.5 MJ kg1)4, but still less than gasoline (44 MJ kg1)!4. With
maximum yield of 20% and rather big input of energy needed to heat up, this method will
be effective only if we need a way to condensate energy.

On other hand, the oil phase was composed of many rather interesting chemicals.
Most present were phenolic compounds (2-methoxy-phenol and 4-ethl-2methoxy-phenol),
derivates of vanillin (homovanillic acid and ethyl homovanillate) and derivates of pthalic
acid. As mentioned many times before, separation will be problematic, as none of
previously mentioned compounds did not represent more than one tenth of mixture.
Additionally they are formed in very close clusters of compounds, with similar
composition and properties.

Pyrolysis was slightly more rewarding experiment. It allows us to predict possible
products. Mostly presented were toluene, phenol, creosol and phenolic compounds. We
can observe in table 4

Table 4: Contents of detected products of dry pyrolysis (sample is named by used catalyst)

Sample Content of compound in products in mass %
Toluene Phenol Creosol Phenolic compounds
Lignin 4.6 2.6 3.4 24.8
Fe(OH)3 6.5 4.9 10.5 25.1
NiO 2.7 2.7 7 30.8
7225 6.5 - 16 429
250 5.5 - 7 222

From this, we can assume that more research and testing are required until we can
form a definitive conclusion. Thus far, catalysis of lignin with selected catalyst is useful to
obtain chemicals, rather than energy rich fuel. Optimization of conditions is certainly
required, as it change both yield and conversion to selected compounds. What is to be
questioned is energetic effectiveness of this process.
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1 Uvod

V dnesni dobé se stdle vice klade duraz na recyklaci pouzitych materidltt a vyuzivani
druhotnych surovin, jednak z divodu sniZeni celkového dopadu na Zivotni prostiedi, ale
také kvili dosazeni co nejvétsich energetickych a ekonomickych tispor. Hlavni pozornost
je sméfovana k velkoobjemovym odpadiam. Do této kategorie se fadi také elektrarensky
popilek, kterého jen Ceska republika produkuje zhruba 12-14 mil. tun kazdy rok. Pouze
mala cast ztéto produkce (méné nez 20 %) je odvazena ze sklddek za tcelem
zakomponovani do vyrobnich procesti napf. stavebnich a konstrukénich materialti.
Nalezeni novych oblasti vyuzitelnosti elektrarenskych popilki jde ruku v ruce
s celosvétovym problémem postupného ochuzovani a vycerpavani pfirodnich nalezist
urcitych komodit. Vzhledem k poznatku, Ze jsou popilky tvoreny celou fadou sloucenin
a mineralti kfemiku, vapniku, Zeleza, hliniku, titanu a dalSich., mohou byt vyuzity pravé
jako zdroje nékterych obsazenych slozek. Pouzitim vhodnych, komeréné i ekonomicky
dostupnych cinidel a nasledné béznych technologickych operaci je mozné z téchto zatim
nevyuzitych tuhych zbytka po spalovani uhli pfipravit bud aktivované prekurzory pro
naslednou vyrobu, nebo jiz hotové produkty, které mohou disponovat rovnéz velmi

vysokou cistotou.
2 Experimentalni cast

Prvni ¢ast prace byla vénovana dikladnému chemickému rozboru nékolika vzorkil
vysokoteplotnich (Pocerady, Prunéiov) a fluidnich (Ledvice, Tisova) hnédouhelnych
popilkti z produkce ceskych energetickych podnikii. Pomoci rentgenové difrakéni analyzy
(XRD) bylo stanoveno fazové slozeni vzorkii a podil amorfni faze (tabulka 1). Nasledné
byla provedena analyza chemického slozeni wuZzitim rentgenové fluorescencni
spektrometrie (XRF). Struktura popilkti Déle byly vzorky podrobeny zkousce ztraty
zihanim a termogravimetrické analyze (TG-DTA) ke zjisténi mnoZstvi nedopalu a teplotni
stability vzorkd.

119



Na zakladé dosazenych vysledkii chemického slozeni metodou XRF majoritnich
slozek vybranych popilk (tabulka 2) byly vybrany pro nasledné studium moznosti zisku
titanu a hliniku spolu s Zelezem jeden vzorek popilku vysokoteplotniho spalovani

(Pocerady) a jeden vzorek popilku fluidniho spalovani (Ledvice, filtrovy i loZovy popilek).

Tabulka 1 Vyjsledky Rietveldovy analyzy hnédouhelnych popilki

Slozka Poéerady | Prunéfov | Tisova filtr Lefcill‘; ;“’ Leli‘i"ece
Anhydrit - - 11,6 57 8,0
Kfemen 9,2 6,3 7,5 8,5 12,2
Vapno - - 1,2 2,5 2,0
Portlandit - - 1,8 2,7 1,0
Magnetit 9,0 52 - - 1,7
Hematit - - 3,2 1,0 0,1
Anatas - - 2,4 1,5 2,6
Kalcit - - 7,6 0,4 0,5
Muskovit - - - 0,8 1,6
Anortit - - 1,5 - -
Mullit 32,6 12,7 - - -
Kristobalit - 1,1 - - -
Amorfni faze 57,0 74,8 63,1 77,0 70,3

Tabulka 2 Chemické slozent studovanych vzorkii popilki (pfepocteno na oxidy)
hm %

) Fe20s | Al2Os | TiO2 | MgO | CaO | SiO2 | K:O | Na2O | SO:s
Popilek

Pocerady 7,45 | 29,50 1,83 0,32 2,94 | 54,04 2,69 0,24 0,76

Prunéiov 17,73 | 23,32 1,30 0,84 6,05 | 46,62 1,07 0,40 2,40

Tisova filtr 7,23 | 21,68 4,98 0,29 | 23,65 | 33,71 0,87 0,05 7,32

Ledvice

filt 7,03 | 27,93 3,36 038 | 21,24 | 32,07 0,93 0,47 6,42
iltr

Ledvice
lo3 7,85 | 22,53 2,96 0,38 | 23,89 | 34,67 0,99 0,13 6,44
oze

Pro studium moznosti zisku zvolenych slozek z popilkové matrice byl zvolen mokry
zptisob, tedy extrakce za uziti rozpoustédla kyselé povahy — kyseliny sirové. Vyuziti
tohoto extrakéniho média spojuje vyhody rozpousténi vsech zvolenych latek do roztoku
s moznosti potencialntho vyuziti odpadni kyseliny sirové zrtznych provozi. Ionty
rozpusténych kovii Ize z roztoku selektivné vysrazet upravou pH napf. pomoci roztoku
hydroxidu sodného ¢ amonného. Vysrdzené komplexy se kratkodobym Zzihanim,
pfipadné susenim po del$i dobu rozpadaji za vzniku oxidickych forem téchto kovii.
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Pro dosazeni vyssich tcinnosti extrakce hliniku a titanu ma rozhodujici vliv obsah
Zeleza ve vzorku, které ma jakoZto nejméné uslechtily kov z vyse vybranych piednost
vyluhovani a v pocatecnich fazich znesnadnuje extrakce uslechtilejsich kovi (zejména
titanu) do roztoku. Uéinnost extrakce zvolenych slozek byla sledovana v zavislosti na
koncentraci extrakéniho ¢inidla (5 %, 10 %, 20 %, 30 %, 50 % H2SOs), dobé extrakce (60,
120, 240 a 360 min) a teploté. Teplota v priibéhu experimentu byla v prvnim testovani
laboratorni, poté byla rovna teploté varu pouzitého dcinidla (extrakce probihala
v aparatufe se zpétnym chladicem). U lozového popilku byl zkouman také vliv velikosti
¢astic na ucinnost extrakce. Koncentrace vyluhovanych slozek z matrice do roztoku byly
stanoveny metodou ICP-OES.

3 Vysledky a diskuze

3.1 LouZeni za laboratorni teploty

Louzeni pii laboratorni teploté prokazalo, Ze vysokoteplotni popilek neni vhodnym
materialem pro tento typ separace (vytéznosti se pohybovaly v fadu jednotek procent).
Vysokoteplotni popilek vytvafi vlivem vyssi teploty spalovaciho procesu chemicky
obtizné rozlozitelné mineraly jako je napfiklad mullit a dale jsou jeho zrna pravidelného
kulovitého tvaru pokryta vrstvickou skloviny s minimalnim mnoZstvim pérti, do nichz by
mohlo proniknout extrakéni ¢inidlo a rozpoustét tak dany material.

O poznani vhodnéjsim materidlem pro dany typ extrakce je uziti popilku z fluidniho
spalovani, ktery vytvafi chemicky lépe rozlozitelné mineraly a zaroven disponuje vétsim
obsahem port, které maji pozitivni vliv na extrakci. Porovnani struktur vysokoteplotniho

a fluidniho popilku znazornuje obr. 1.

BN 15000 SigmalA- S
Image Piet Size = 2943 o

Obr. 1 Snimky vysokoteplotniho (vlevo) a fluidniho (vpravo) popilku (SEM)
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Extrakce Zeleza, hliniku a titanu z fluidnich popilkti dosahovala pomérné pfiznivych
vysledk: jak v pfipadé filtrového, tak i lozového popilku. Shrnuti nejvyssich dosazenych
vytéznosti je uvedeno v tabulce 2. Nizsi vytéznosti titanu a hliniku v pfipadé lozového
popilku maji spojitost s vyluhovanim niz§tho mnozstvi Zeleza, kdy pfi vyluhovani
piiblizné 75-80 % Zeleza nastdva nartst ucinnosti extrakce zbylych sledovanych prvkii.
Tyto poznatky se jevi jako velmi diilezité zejména pro mozné uplatnéni vicendsobné
extrakce materialu. Dale byl u lozovych popilkii pozorovan jev, kdy v pfipadé nemletého
materialu je icinnost extrakce ve zfedénych roztocich kyseliny vyrazné nizsi (az o 60 %)
nez v pfipadé média o vyssi koncentraci. V pfipadé mletého stavu vzorku je rozdil
v ucinnosti jednotlivych koncentraci kyseliny sirové minimdlni, kdy rozdil ¢ini zhruba
10 %. Velikost castic louzeného materialu ma rovnéz vliv na ucinnost extrakce, kdy
vytéznosti mletého popilku dosahovaly pfiznivéjSich hodnot.

Nejvhodnéjsim materidlem pro extrakci vybranych kovt byl za laboratorni teploty
filtrovy popilek. Zde se nabizi moznost vyuziti opakované extrakce ve zfedéném médiu,
kde by bylo mozné v prvnich fazich odseparovat vétsinu zeleza a dale se zabyvat

louzZenim titanu vedle hliniku. Tuto mySlenku je mozné pfenést rovnéz na mlety loZzovy

popilek.
Tabulka 3 Vyjtéznosti jednostupiiové extrakce p¥i laboratorni po 360 min
Ledvice loZe nemlety Ledvice loZe mlety Ledvice filtr
w H2S04
%) v Fe v Al vTi v Fe vAl | vTi | vFe vAl | vTi
(%) (%) (%) (%) (%) (%) (%) (%) | (%)
5 6,7 7,11 1,1 55,37 | 16,99 | 4,24| 7695| 33,66 |32,48
10 13,96 10,74 | 1,76 6691 | 12,08 | 424| 67,07| 3523|3497
20 23,11 11,61 236| 6227 17,19 437| 8191 31,82 (33,49
30 42,89 12,76 2,73 67,40 16,17 | 4,48| 7858 | 37,05|3542
50 52,67 11,71 2,82| 6926 1352 | 446| 67,87 | 3682|3890

3.2 Louzeni s vyuzitim refluxu

Extrakce vybranych prvkiit z vysokoteplotniho popilku nedosahovala ani za refluxnich
podminek nikterak oslnivych hodnot. Tento fakt je dan morfologii a slozenim daného
materialu. Naproti tomu ucinnost separace z fluidnich popilkti je zejména pro hlinik
daleko vice ti¢inna nez pii laboratorni teploté.

Stejné jako v pripadé louzeni za laboratorni teploty byl prokazan pozitivni vliv
mensich castic hmoty (mletého a nemletého stavu lozového popilku) na ucinnost
separacniho procesu, avsak tento rozdil jiz neni tak markantni jako pfi stejném

experimentu za laboratorni teploty. Z tohoto dtivodu by se v pramyslovém méfitku pfilis
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nevyplatilo pfedupravovat vstupni surovinu mletim, nebot by naklady na vydanou
energii béhem mleciho procesu nemély navratnost

U vsech typii fluidnich popilk(i nastala pomérné zajimava anomalie v prostfedi 5%
kyseliny, do které za refluxnich podminek nedochéazelo k vyluhovani prakticky zadného
mnozstvi titanu a pouze omezené mnozstvi Zeleza. Jedinym extrahovanym prvkem
v tomto médiu byl hlinik. Na zakladé téchto dat lze predpokladat, Zze svyuZzitim
vicestupniové extrakce by v prvnich krocich bylo mozné tucinkem 5% kyseliny sirové
odseparovat hlinik, ¢imz by doslo k vyznamnému zakoncentrovani ostatnich prvka ve
vstupnim materialu.

Filtrovy popilek vykazoval jako jediny nizs§i vytéznost titanu nez za laboratorni
teploty. Byla unéj vsak zjisténa nejvyssi vyluhovatelnost hliniku ze vsech vzorka
(az 95 %). Vytéznost hliniku je tak zhruba o 50 % vyssi nez v pfipadé lozového popilku.
Pro louzeni titanu je nejvhodnéjsi uzit 50% kyselinu sirovou, zbylé koncentrace
rozpoustédla totiz nedosahuji zdaleka takové tucinnosti. Zajimavou myslenkou je
zakoncentrovani titanu v nerozpusténém podilu ucinkem 5% kyseliny, kdy by se jeho
koncentrace v su$iné znatelné zvysila a naslednou dvoustupriovou ¢i tfistupniovou
extrakci do 30% nebo 50% Kkyseliny tentokrat za laboratorni teploty by mohlo dojit

k vyluhovani témér veskerého titanu.

Tabulka 4 Vyjtéznosti jednostupriové extrakce za refluxnich podminek po 360 min

Ledvice loZe nemlety Ledvice loze mlety Ledvice filtr
w H2S04
%) v Fe v Al v Ti v Fe vAl | vTi | vFe vAl | vTi
(%) (%) (%) (%) (%) (%) (%) (%) (%)
5 14,36 27,30 0,04 1639| 4457| 0,02| 17,04| 9016| 0,15
10 69,46 58,76 7,02 69,21 5811 749 2769| 7879 4,53
20 78,72 58,59 | 11,14 86,44 67,36 | 12,01 | 42,27 | 79,57| 8§82
30 82,87 63,19 | 1088| 86,15| 71,12 13,49| 51,64| 8283|1043
50 95,49 7561 | 23,41 89,79| 71,50| 16,88 | 61,29 | 94,53 | 29,55
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4 Zaveéry

Cilem této prace bylo navrhnout mozné metody k separaci hliniku, Zeleza a titanu
z velkoobjemového odpadniho materidlu - fluidniho a vysokoteplotniho popilku.
Z dtivodu snizeni ekonomickych nakladii pro budouci aplikaci v priimyslu byla navrzena
a v laboratornim méfitku ovéfena extrakce do roztoku kyseliny sirové a nasledného
rozdéleni slozek tipravou pH.

Na zakladé dosazenych vysledki lze ucinit obecny zavér, Ze vysokoteplotni popilky
v duasledku spalovaciho procesu, tvaru a morfologie zrn nejsou prilis vhodné pro separaci
vybranych latek pomoci roztokti kyseliny sirové. Naopak fluidni popilky v dtsledku
velkého mérného povrchu a absenci ,,odolnych mineralt” vykazuji velmi dobry potencial
pro dalsi vyzkum, jenz se bude ubirat timto smérem. Bylo zjisténo, ze pomletim loZovych
popilkli stoupa jejich vyluhovatelnost. Nejvhodné&j$im typem popilku pro separaci
vybranych latek je filtrovy popilek, ktery dosahoval za laboratorni teploty uzitim
koncentrované kyseliny vyrazné vyssi vyluhovatelnosti titanu (38 %) a za podminek
refluxu vyznamnych hodnot extrakce hliniku (94 %) ve zfedéné kyseliné sirové.
Nejvhodnéjsim feSenim se pro tento typ popilku jevi uziti nékolikastupriové extrakce za
refluxu do zfedéné kyseliny sirové a nasledné pravdépodobné dvoustupriové extrakce
v 50% kyseliné za laboratorni teploty.

Na zakladé vysledkii této prace bude mozné navrhnout a experimentdlné ovéfit
moznosti vicestupniovych extrakci kombinujicich vyuziti laboratorni teploty, zvySené
teploty a refluxu s ohledem na nalezeni vhodného poméru vytéznosti extrakce, pouzitych
surovin a nakladii na energie spojené napt. s mletim vstupniho materidlu nebo zahfivani
reakéni smési. Vzhledem k otdzkdm trvale udrzitelného rozvoje je zpracované téma
aktudlni a jeho uspésné feseni mutze do budoucna velmi pomoci v feSeni otazek

surovinové zakladny.
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1 Uvod

Soucasnd problematika stavebnich materidltt souvisi s rostoucimi cenami vstupnich
materidli, energie, pracovni sily a environmentdlni politikou stejné jako jakakoli
pramyslova vyroba. Vyroba stavebnich materialt je vyznamnou mérou zavisla na tézbé
nerostnych surovin, ale jejich zasoby jsou omezené. Tézba, doprava a zpracovani téchto
velkoobjemové zpracovavanych surovin je producentem zatéze ve formé prachu, hluku,
emisi oxidu uhli¢itétho a podobné. Tyto skutecnosti jsou v dnesni dobé regulovany
legislativou a jejich nakladnd feSeni se promitaji do vyrobnich nakladii vyslednych
produktt. Nabizi se feSeni v podobé vyuziti odpadnich a sekunddrnich produktt
produkovanych primyslem.

Jednim z nejvyznamnéjsich zdrojii druhotnych surovin je energeticky pramysl
zaloZeny na spalovani uhli. P¥i spalovani uhli vznikaji kromé plynnych exhalaci a tepla
také pevné produkty jako napfiklad rtizné druhy popilks, kvara, nebo kotelni prach.
Dal$imi alternativnimi produkty jsou produkty z emisnich opatfeni, jako je naptiklad
odpady a primarnim feSenim bylo jejich skladkovéani, coz je ekonomicky nevyhodné
a ekologicky neprili§ elegantni feSeni. V dnesni dobé je velké mnoZzstvi téchto odpadii
vyuzivano jako kvalitni druhotné suroviny, jez jsou za cenu jistych kompromist
vhodnymi nahradami draze téZenych a zpracovavanych nerostti.

Potencialni vyuziti druhotnych surovin z energetického priimyslu je zavislé na jejich
chemickém a fazovém sloZeni a na jejich stabilité a na stabilité vysledného stavebniho
materialu. Chemické i fazové slozeni produktu je zavislé na druhu spalovaného materialu,
a zpusobu jeho spalovani a zpracovani. Slozeni je tedy do jisté miry variabilni, coz je jeden
problémt praktického vyuzivani téchto materidlu, se kterym se soucasna véda snazi
vyrovnat. [1]
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2 Material, metody a experimenty

2.1 Fluidni spalovani uhli

Fluidni spalovani je proces, pfi kterém je mleté uhli spalovano ve vznosu, v proudu
vzduchu. Toto spalovani dosahuje vétsi ti¢innosti, nez u klasickych praskovych kotld. To
je zpusobeno vétsim mnozstvim spalovaciho vzduchu, ktery je v kontaktu s palivem.
Proto dochazi k dokonalejsimu spalovani. V praxi je mleté uhli spalovano spole¢né
s mletym vapencem pri teploté okolo 850 °C, ktery slouzi jako absorbent vznikajiciho
oxidu sific¢itého. Vznika siran védpenaty ve formé anhydritu. K odsifovani tedy dochazi
primo v kotli bez nutnosti vystavby odsifovacich zafizeni. Pfi fluidnim spalovani uhli
nedochdzi ke vzniku termického NOx, pouze ke vzniku palivového NOx, coz je
zpusobeno nizsi teplotou spalovani, nez v klasickych kotlich a pfispiva to ke snizeni emisi
proti vysokoteplotnimu spalovani.

Reakce probihajici ve fluidni vrstveé:

Rozklad uhli¢itanu vapenatého na oxid vapenaty, oxid uhlicity:
CaCOs — CaO + CO2 (AH = 178 KJ-mol-1)

Reakce oxidu vapenatého s oxidem sifi¢itym za vzniku siranu vapenatého:
CaO + SOz + 14 02 — CaSOs (AH = -500 KJ-mol-1)

Optimalni teplota této reakce je 800 az 900 °C, pfi nizsi teploté je odsifeni méné
acinné a pii vyssich teplotach dochazi ke zpétné reakci, kdy je siran vapenaty (anhydrit)
rozkladan zpét na oxid vépenaty a oxid sificity. [2][3]

2.2 Produkty fluidniho spalovani uhli

Pevné produkty fluidniho spalovani jsou odlisné od produktii z vysokoteplotniho
spalovani. Rozdily jsou v obsahu a mnozstvi zastoupenych fazi. Fluidni popilek je smés
minerdlnich slozek zastoupenych v uhli, produktt spalovani a produktii odsifeni.
Majoritnimi slozkami jsou zde reaktivni amorfni aluminosilikat, anhydrit a mékce palené
vapno. U vysokoteplotnich popilkil jsou nejvice zastoupenym slozkami sklovitd faze,
mulit a kiemen.

Z teploty spalovani kolem 850 °C vyplivaji i rozdily ve fyzikalnich vlastnostech
produktu, protoZe nedochézi k natavovani mineralnich sloZek. Céstice jsou po vyhofeni
uhli porézni, nepravidelného tvaru, jejich sypnd hmotnost je v rozmezi 500 — 700 kg-m-3.
Fluidni popilky obsahuji vy3si podil SOs a to az 20 % hmot. a az 35 % hmot. CaO ve formé
mékce paleného vapna, coz miize zpusobit pfi pouziti ve formé pojiva tvorbu ettringitu.

Popilky z fluidniho spalovani jsou déleny do dvou kategorii podle mista odbéru
na loZovy popel a filtrovy popilek. Oba popely vznikaji zaroven pii procesu fluidniho
spalovani, ale vlastnostmi a sloZenim se vyrazné odlisuji.

Hruby lozovy popel je produktem fluidniho spalovani, jde o objemnéjsi castice
s vy$si hmotnosti, které propadnou fluidnim prstencem. Vysoky obsah mékce paleného
vapna a anhydritu zptisobuje velmi dobré hydraulické vlastnosti tohoto materialu, ktery

127



pfi samotném smiseni s vodou tuhne. Pro pouziti do zameési byva lozovy popel casto
mlety, coz zna¢né zvysuje jeho reaktivitu.

Fluidni filtrovy popilek je dalsim produktem fluidniho spalovani uhli, jde o drobné,
lehké castice, neboli tlet, ktery je zachycovan elektrostatickymi odlucovadi, jimiz jsou
odvadény spaliny pfed vstupem do komina. Od hrubého lozového popele se lisi
predevsim niz$im obsahem CaO voleného i celkového, ktery je spolu s anhydritem
nositelem hydraulickych vlastnosti. [2][3][4][5][6]

2.3 Superplastifikatory

Superplastifikatory jsou chemické modifikujici pfisady do betonu. Jde o organické
makromolekularni povrchové aktivni latky, které svou adsorpci na povrchu ¢astic pojiva
mohou ménit jejich ndboj a tak dispergovat castice a wupravovat konzistenci
pfipravovaného betonu. Tyto slouceniny podstatné sniZuji vodni soucinitel a snizuji tak
mnozstvi zdmésové vody, pfi zachovani dostatecné dobré zpracovatelnosti.

Vopriibéhu  poslednich  desetileti doSlo kznacnému vyvoji v oblasti
superplastifikatorti a vzniklo nékolik skupin podle sloZzeni makromolekularniho fetézce.
Lignosulfonaty (snizkym obsahem sacharid(i), polykondenzat naftalensulfonatu
s formaldehydem, polykondenzat sulfonovaného melaminu s formaldehydem,
polyakrylaty, polykarboxylaty. V alkalickém prostfedi cementové suspenze disociuji
funkéi skupiny -COOH a -SOsH a vzniklé anionty reaguji s kationty mineralnich slozek
zrn (Ca?, Al**) za vzniku komplexnich sloucenin. Anionty, jeZ se neucastni reakci
s mineralnimi slozkami zrn, jsou diky zapornému naboji vzajemné odpuzovany, spolecné
s vlivem sterickych efekt(i postranich fetézcti dochazi k deflokulaci. Délka a rozvétveni
postranniho fetézce urcuje sterické efekty a vysledny ucinek superplastifikatoru.

Superplastifikatory jsou nejcastéji dodavany ve formé vodnych roztokd, riiznych
viskozit a hustot, podle obsahu aktivni latky v roztoku a podle jejiho chemického slozeni.
Pro pfipravu suchych smési mohou byt superplastifikatory dodavany také ve formé
prasku. [7]

2.4. Pevnostni zkousky

Zamési byly pfipravovany na laboratorni michacce, kde byla nejprve davkovana
voda a piipadny superplastifikator, poté byly piidany pevné komponenty. Homogenizace
a uprava sloZeni smési byla provadéna tak, aby mély pripravené zameési vzdy stejnou
konzistenci. Takto pfipravené smési byly hutnény na vibra¢nim stole do pfipravenych
forem. Pro pfipravu zkuSebnich téles (trameckt) byly pouzity formy o rozmérech
20x20x100 mm a 40x40x160 mm. Smési zraly ve formach po dobu 24 hodin, pfi laboratorni
teploté. Poté byly tramecky odformovany a ulozeny do zraci komory (t = 20 °C, vlhkost 90
— 100 %). Zkusebni télesa byla vyjimana po pozadovanych dobach zrani (1, 7, 28 dni)
abyly na nich provadény pevnostni zkousky. Tramecky byly pfed pevnostni zkouskou
zvazeny pro vypocet objemové hmotnosti. Vzorky byly testovany na zafizeni DESTTEST
3310. Vybrané vyzralé smési byly namlety a podrobeny rentgenové difrakéni analyze,
kvtli analyze hydrata¢nich produkta. [9][10]
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2.6 Rentgenova difrakéni analyza

Praskova rentgenovd difrakéni analyza (XRD) je analyticka metoda, ktera je
pouzivana k objasnéni fazového slozeni praskovych materialti. Princip metody spociva
v interakci svazku rentgenového zafeni s povrchem krystalického materialu, kde dochazi
pri splnéni urditych podminek k rozptylu paprsku anésledné difrakci. Poloha a tvar
difrakénich maxim je pro dany tip struktury jedine¢na, tvofi takzvany difraktogram, diky
kterému lze urcit fazové slozeni analyzovaného materidlu. [11]

2.7 Analyza vstupnich surovin - fluidni filtrovy popilek Tisova

Stanoveni obsahu volného vapna bylo provedeno sacharatovou metodou podle
normy CSN P 72 2080. Préimérny Obsah takto stanoveného vapna je ve fluidnim filtrovém
popilku Tisova 4,9%. Prvkova analyza byla provedena metodou rentgenové fluorescencni
analyzy.

Tabulka 1.: Prvkovd analyza fluidniho filtrového popilku Tisovd provedena pomoci rentgenové
fluorescencni analyzy:

HLAVNI OXIDY

Si02 AlOs; CaO NaO K:O0 MgO SOs Fe203 TiO: P20s
% 339 224 228 066 067 08 519 717 541 031

DOPLNKOVE OXIDY

Cr:0: MnO NiO CuO ZnO As:05  ZrO: SrO BaO Sm:0; WOs
% 0,03 0,07 0,01 0,04 0,02 0,01 0,09 0,09 0,15 0,01 0,01

Tabulka 2.: Tabulka pfiblizného zastoupenti jednotlivyjch fizi ve fluidnim filtrovém popilku Tisovd
stanoveného na zdkladé rentgenové fizové difrakcni analyzy. Vysvétlivky: (+++) - fdze tvoit
majoritni slozku, (++) - fize pFitomna ve znacném mnozstvi, (+) - fize pfitomna v malém mnoZstovi,
(?) - ptitomnost fize neprokazatelnd, (-) - fize nent pfitomna.

Portlandit ?
Anhydrit -+
Kfemen +H+
Oxid vapenaty +++
Magnetit -
Hematit +
I1lit

Zivce ++
Gehlenit ?
Kalcit

Anatas +
Amorfni faze ++
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Obrizek 1.: Graf rentgenové difrakcéni analyzy fluidniho filtrového popilku Tisovd.

Vstupni analyza dokumentuje majoritni obsah oxidu kiemicitého, hlinitého a
vépenatého. Hlavnimi nositeli hydrata¢nich vlastnosti jsou oxid vapenaty ve formé
volného vapna a anhydrit.

2.8 Pfiprava a testovani zkuSebnich téles

Byla pfipravena fada zdmési o slozeni uvedeném v tabulce 1, kde je uvedeno zastoupeni
fluidniho popilku Tisova a vapenného hydratu a vody. Piipravené zamési byly
podrobeny zrani a naslednym pevnostnim zkouskam po 1, 7 a 28 dnech.

Tabulka 1.: Tabulka sloZeni pFipravenych zdmési.

Oznaceni A B C D E F

Mpopilek [g] 1000 950 900 850 800 750

IMyvéapenny hydrat [g] 0 50 100 150 200 250

Mvoda [g] 622 624 606 627 635 645

vodni soudinitel w/c 0,62 0,62 0,61 0,63 0,64 0,65
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Obrdzek 2.: Pevnost v tahu za ohybu pfipravenyjch zdmési.
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Obrizek 3.: Pevnost v tlaku pfipravenych zdmési.

Uvedené grafy ukazuji vyvoj pevnosti pfipravenych smési. Po jednom dni bylo
mozné s télesy manipulovat, ale jejich pevnosti byly neméfitelné. Nejvyssi pevnosti v tahu
za ohybu bylo dosaZeno po 28 dnech vzorkem E, ktery obsahoval 20 % vapenného
hydratu. Vzorek D dosahl nejnizsi pevnosti v tahu za ohybu pravdépodobné diky
nedokonalému zhutnéni a obsahu kavit ve své struktufe. Nejvyssi pevnosti v tlaku po 28
dnech bylo dosazeno vzorkem C s obsahem véapenného hydratu 10 %.

Déle byly pfipraveny dalsi smési a kompozity s matrici pfipravenou na bazi vyse
zminénych pojiv. Kompozity obsahovaly riizné zastoupeni polyesterovych vlaken
s pfimési polyvinylchloridu. Tyto kompozity byly na pevnost testovany obdobné a ve
stejnych casovych intervalech jako vyse popsané. Vsechny vzorky byly zvazeny
anasledné byla vypocitana jejich objemova hmotnost. Konkrétni vysledky a zavéry budou
prezentovany na konferenci.
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4 Zavér

Pomoci testovani pevnosti pfipravenych zkusebnich téles byly dokazany moznosti

pouziti fluidnich filtrovych popilkii jako matric pro netradi¢ni kompozitni materialy.
Rovnéz aplikace odpadnich polyesterovych vlaken z vyroby stfesnich félii se ukazala jako
jeden z moznych zptisobil vyuziti téchto doposud téméf nevyuzitych materialt. Zkusebni
télesa vykazovala nizké objemové hmotnosti a zamési urcitych receptur dosahovaly
pevnosti v tlaku vice nez 20 MPa. Pro aplikaci téchto alternativnich surovin je nutné
poukazat na fakt, Ze alternativni suroviny se mohou vyznacovat variabilnim sloZzenim. Je
zapotiebi pravidelné sledovat jejich chemické a fazové sloZeni a na zakladé vysledkt
provadét drobné modifikace pfipravovanych matric.
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Tvarovani hydroxyapatitu na mikro
urovni metodou freeze-casting pro
ptipravu kostnich nahrad

Lucie Pejchalovd
Jakub Rolecek, David Salamon

Vysoké uceni technické v Brné, Fakyl ta chemicka,
Purkyiiova 464/118 61200, Brno, Ceskd republika

Vhledem k celosvétovému starnuti populace, dochazi k castéjsi potfebé opravy
pohybového aparatu. V nékterych piipadech je proto nutno prejit v konecné fazi
k implantaci kostni ndhrady. Nejcasté&ji je pro svoji biokompatibilitu a bioaktivitu
vyuzivan hydroxyapatit, ktery je v kostech pfirozené zastoupen.

Vyuziti hydroxyapatitu jako materidlu pro kostni nahrady je omezeno me-
chanickou stabilitou v poréznich systémech. Metoda, pii které bylo dosaZzeno
nejlepsiho poméru mechanické stability a porozity, se nazyva freeze — casting. Tato
metoda vyuziva tvorbu ledu (v pfipadé vodnych suspenzi) ke tvorbé lameldrni
struktury béhem kontrolovaného mrazeni. Dal$im krokem je odstranéni ledovych
krystalii lyofilizaci. Nasledné je vyslednd porézni lameldrni struktura zpevnéna
slinutim. Zménou sloZeni suspenze nebo podminek mraZeni Ize dosdhnout rtizné
mezilameldrni vzdalenosti, spojeni lamel a porozity.

V této praci byly pripraveny keramické suspenze v objemovém zastoupeni hy-
droxyapatitu 7,5%, 10%, 15% a 20%, které byly pouZity pfi pfipravé poréznich kost-
nich ndhrad metodou freeze — casting. Béhem mraZeni byla do struktur implemen-
tovana 3D mfizka, ktera poslouzila jako Sablona pro sit kanalki (v priméru cca
800 um). Po lyofilizaci byly naslednym ohfevem odstranény z materidlu organické
latky, véetné 3D mfizky.

Vysledna biokeramicka struktura dosahla porozity vicnez 90% a velmi dobrého
poméru mechanické stability a porozity. Implementace 3D miizky se ukazala byt
vhodnou metodou pro kontrolovanou tvorbu kanalk s dostatecnym rozmérem,
slouzici k zvySeni bioaktivity materidlu.

Kli¢ova slova: bio keramika, freeze-casting
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Pressureless Sintering of Boron Carbide

V. Rakosovad
L. Baca

Department of Inorganic Materials, FCHPT STU,
Radlinského 9, 81239 Bratislava

Boron carbide is an important non-metallic material, which has found an ex-
tensive application in various industries. Owing to its unique properties such as
high hardness, wear resistance and low density, it became very useful in nuclear
and armour industry. The current production techniques, such as hot pressing or
spark plasma sintering, are used for sintering of simple shapes and are considered
as expensive methods. Based on these reasons, there is a need for a cheaper and
simpler process. One of the alternatives to gain as great densification as possible
and therefore obtain excellent mechanical and physical properties is using method
of pressureless sintering. Boron carbide reaches final density less than 90% and by
itself is very hard to sinter, so the purpose of this study was to investigate the effect
of graphite (used as a sintering aid) on densification, mechanical and physical prop-
erties. In conclusion, based on the literature and this research, next steps to improve
pressureless sintering have been proposed.

Key words: pressureless sintering, boron carbide, carbon addition
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Vyroba metanolu z tuhého
komunalneho odpadu

Patrik Suhaj
Juma Haydary

Slovenskd technickd univerzita v Bratislave, Fakulta chemickej a potravindrskej
technoldgie,
Ustav chemického a environmetdlneho inZinierstva
Radlinského 9, 812 37 Bratislava, Slovenskd republika
suhajpato@gmail.com

Tuhy komunalny odpad nema vhodné vlastnosti na tepelné spracovanie a
preto sa pristupuje k jeho tiprave na tuhé alternativne palivo. Splyriovanim tuhého
alternativneho paliva sa vyraba plyn, ktory ma potencial byt pouzity ako syntézny
plyn na vyrobu metanolu. V programe Aspen Plus sa nasimulovala prevadzka na
spracovanie tuhého alternativneho paliva s definovanym zloZenim a vyhrevnostou.
Navrhnuta prevadzka sa skladala zo splyniovania s ¢istym kyslikom, Cistenia vy-
robeného plynu, syntézy metanolu a separdcie metanolu. Simuldciou sa zistili
optimdlne prevadzkové parametre pre splynovanie ako je pomer hmotnostnych
tokov kyslika k surovine a vodnej pary k surovine, tak aby sa syntézou vyrobil plyn
bohaty na vodik a oxid uholnaty. Cistenie plynu prebiehalo v dvoch absorpénych
koldnach, v prvej sa vyuzival na absorpciu roztok hydroxidu sodného a v druhej
koléne aminovy vodny roztok monoetanolaminu. Pre druhti absorpént kolénu
a reaktor na syntézu metanolu sa zistili optimalne prevadzkové parametre ako
je tlak a teplota. Separdcia metanolu prebiehala v dvoch rektifikacnich kolénach,
v prvej sa z kvapalného surového metanolu odseparovali plyny a v druhej koléne
sa odseparovali od metanolu kvapaliny. Pre obidve koldny sa zistil optimalny pocet
teoretickych etazi, refluxny pomer a poloha nastrekovej etazi. Simulaciou sa ukaza-
lalo, Ze pri spracovani 15 t/h definovaného tuhého alternativneho paliva je mozné
vyrobit 9 t/h ¢istého metanolu. Optimalizovalo sa vyuZitie vSetkych tepelnych pra-
dov a zistilo sa, Ze pfi splyniovani a syntéze metanolu sa nevygeneruje dost vodnej
pary na pokrytie spotreby. Chybajtica para sa vyrabala spalovanim zemného plynu
a odplynov pochaddzajucich z ¢istenia plynu a separacie metanolu.

Kli¢ova slova: tuhy komunalny odpad, splynovanie, syntézny plyn, metanol,
Aspen Plus

136



Vliv strukturnich a procesnich
parametri na vlastnosti polymernich
nanokompozita

Be. Kldra Zarybnickd
prof. RNDr. Josef Jancdt, CSc.

Vysoké uceni technické v Brné, Fakulta chemickd, Ustav materidlii.
xczarybnicka@fch.vut.cz

Polymerni nanokompozity mohou dosahovat vyrazné vyssi tuhosti, pevnos-
ti ¢i termické stability pfi velmi malém obsahu nanoplniva v porovnani s plasty
plnénymi tradiénim plnivem o rozmérech v fadu mikrometrt. Cilem prace je studi-
um strukturnich a procesnich parametrti, které fidi disperzi nanocastic v roztocich
polymerti, aby bylo mozno reprodukované pripravovat polymerni nanokompoz-
ity s pozadovanym prostorovym uspofddanim nanocastic. Je feSen pfedevsim
vliv rtiznych komponent jako je polymerni matrice, nanocastice a rozpoustédla,
ve kterych dochdzi k miseni matrice a nanocastic. Pouzité komponenty maji vliv
na rozdispergovani ¢astic a tim jsou ovlivnény i vlastnosti materidlu jako je napt.
teplota skelného pfechodu nebo tuhost materidlu. Vétsina dnes pouZzivanych
inZenyrskych materidl byla vyvinuta s pfimym fizenim struktury v rozmérech
mikronii. Proto 1ze tvrdit, Ze nanotechnologie oteviraji Sirokou Skalu moZnosti,
jak ovliviiovat uspofddani materidlu na trovni dfive nedosazitelnych rozméri.
Moznost kontrolovat samouspofddavani nanocastic by mohla byt cestou k syn-
téze biomimetickych materialti. Jako priklad lze uvést systémy, ve kterych jsou
obsazeny sférické nanocastice hydroxylapatitu — zubni sklovina nebo napodobe-
niny kosti. Kontrola usporadavani nanocastic je tedy unikatni moznost ke kon-
struovani systémii inspirovanych piirodou.

Kli¢ova slova: nanokompozity, samouspofadavani, termo-mechanické vlast-
nosti.
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Forster Resonance Energy Transfer
in Cationic Micelles Using Perylene-
Fluorescein as Donor-Acceptor System

Zuzana Adamcovd
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Brno University of Technology, Faculty of Chemistry, Institute of Physical and Applied Chemistry
Purkyriova 464/118, 612 00 Brno, Czech republic
xcadamcovaz@fch.vut.cz

1 Introduction

Forster resonance energy transfer is form of short-distance interaction between the
electronic excited states of two molecules with convenient properties’. One of them acts
as donor of energy, which is transferred without emission of a photon to an acceptor
molecule, that may further emit fluorescence, or dissipate the received energy by any
other way (so called dark quenchers)?. There are three basic conditions, that have to be
met to observe FRET. At first, fluorescence spectrum of the donor must overlap
sufficiently the absorption spectrum of the acceptor. Secondly, energy transfer takes place
only when donor and acceptor are in close proximity defined by so called Forster distance,
which is distance specific for specific FRET pair, with energy transfer effectivity of 50 %.
Thirdly, donor and acceptor transition dipole moments have to be approximately parallel.
Forster distance can be calculated from spectral overlap of donor fluorescence spectrum
Ip, acceptor absorption spectrum ea, quantum yield of the donor molecule ®p, dipole

orientation factor k and refractive index n. Typical values are in range 1 — 10 nmd.
1/6

R, = 02108 KZcDDn-‘*I/D(,i) £,(2) 2'da )

The efficiency of FRET is dependent on the inverse sixth power of the intermolecular
separation:

E-_ 1 @

6
1+ (r)
Ro
In the field of colloid chemistry FRET can be used to determine distances between

donor and acceptor molecule (assuming they are similar to Forster distance), which are
attached to the studied system in appropriate manner.
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2 Experimental

To study Forster resonance energy transfer in different micellar systems three
different cationic surfactants — tetradecyltrimethylammonium bromide (TTAB, Fluka),
carbethopendecinium bromide (Septonex, GBNchem) and cetyltrimethylammonium
bromide (CTAB, Fluka) — were used. Samples were prepared in water simply
by dissolving appropriate amount of the surfactant to obtain concentration 5 x 10 M,
which is above the critical micellar concentration of all these surfactants. All samples
contained 1 x 10> M of perylene (Fluka), which was solubilized in the surfactant solutions
overnight from acetone stock solution evaporated on the bottom of the vial. After proper
solubilization, different amounts of fluorescein disodium salt (Sigma Aldrich) were added
to the samples. Methanolic stock solution of fluorescein was used and adequate amount
was evaporated on the bottom of the vial and dissolved in perylene-surfactant system
to obtain final concentration range from 5 x10¢M to 1 x10+M. Fixed concentration
of perylene and increasing amount of fluorescein give ratios Per:Fl from 1:0.5 to 1:10.

To describe FRET in studied system, lifetime of donor (perylene) without presence
of acceptor versus lifetime of donor quenched by the acceptor in close proximity, were
compared. For time-resolved fluorescence measurement (TCSPC technique), confocal
fluorescence microscope MicroTime 200 (PicoQuant, Germany) was used. As excitation
light 375 nm laser was utilized, and directed towards the sample by dichroic mirror
(reflection at 375 nm). Fluorescence signal was gathered by two single photon avalanche
photodiodes. One of them worked as donor channel, which was achieved by using
440/40 nm emission filter, the second one detected the increasing acceptor fluorescence —
520/35 nm filter was used in this case. Donor and quenched donor lifetimes and their
relative amplitudes were calculated in SymPhoTime software from measured data.

For comparision of the obtained distances (representing size of studies micelles),
measuring of diffusion coefficients of micelles labeled with perylene was performed using
fluorescence correlation spectroscopy. Perylene concentration in samples used for FCS
was lowered to 1 nM. Following experimental setup was used: laser 405 nm excitation
source, 405/467 nm dichroic mirror, 440/40 emission filter.
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Figure 1: Spectral overlap of perylene fluorescence spectrum with fluorescein absorption spectrum.

140



Forster distance was calculated using Equation (1) on the basis of perylene
fluorescence spectrum measured in micellar solution of particular surfactant and
fluorescein absorption spectrum measured in the same micellar solution (example for
TTAB in Figure 1). Fluorescence quantum yield of perylene in surfactant solution was
compared to know value of perylene v hexane (0,93) and found to be practically the same.
Value of acceptor extinction coefficient was 75 000 dm?-mol-'-cma factor k was considered
2/3 (randomly orientated donor and acceptor). There were minimal differences between
Forster distance in systems containing three different sufractants — the values were
5,165 nm in TTAB; 5,156 nm in Septonex and 5,185 nm in CTAB solution.

2.1 Results of FRET measurements

Fluorescence lifetime of perylene as donor molecule was measured in six samples
containing increasing amount of fluorescein acting as an FRET acceptor. Obtained time-
resolved fluorescence spectra showed decrease of fluorescence lifetime of fraction
of perylene molecules. This fraction was more pronounced with increasing amount
of fluorescein in the sample. Example of such dependence can be seen in Figure 2.
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Figure 2: Quenching of perylene fluorescence with increasing amount of fluorescein in TTAB
micellar solution

Two parameters were compared — effectivity of the energy transfer, which depends
on decrease of donor lifetime in presence of acceptor in close proximity to the donor
molecule and binding, which describes percentage of FRET pairs (ratio of perylene
molecules undergoing FRET vs. complete amount of perylene molecules in the system)
based on comparing relative amplitudes of donor and quenched-donor lifetimes.
Effectivity of FRET is in direct relation to the distance between donor and acceptor. With
increasing amount of fluorescein in the system, increase of the effectivity of energy
transfer was observed as there were more and more fluorescein molecules in the system
which caused interactions between perylene and fluorescein on the shortest possible
distance in particular micellar system. As certain perylene-fluorescein ratio was reached,
the effectivity didn’t increase anymore. On the other hand, binding increased sample from
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sample with growing fluorescein concentration. Efficiency of energy transfer was
observed to be the same for samples 5 and 6 in each micellar system (Figure 3). Distance
calculated from these measurements was considered as the smallest possible distance
between perylene located inside the hydrophobic core of the micelle and fluorescein
situated in the hydrophobic outer part, and was associated with radius of the micelle.

m CTAB Septonex MW TTAB
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Figure 3: Calculated distance of the FRET pair perylene-fluorescein in different cationic
surfactants. Concentration of fluorescein in samples varied as follows: Sample 1 —5 uM; Sample 2
— 8 uM; Sample 3 — 20 uM; Sample 4 — 50 uM, Sample 5 — 80 uM, Sample 6 — 100 uM.
Concentration of perylene was kept constant — 10 uM.

2.2 Results of FCS measurements

To compare results obtained from FRET measurements, fluorescence correlation
spectroscopy was used to measure diffusion coefficients of all micellar system with
perylene solubilized inside. The principle of FCS measurement is detection of fluorescence
intensity fluctuations which are caused by moving fluorescent species in and out of
confocal volume created in the sample by focused laser beam*. After recalculating obtain
diffusion coefficients using Stokes-Einstein equation, micelle radii were determined
(results are summed up in Table 1).

There are larger differences in determined radii using FCS for individual micellar
systems. It is possible, that perylene is not solubilized exactly in the center of the micelle,
or fills most of the hydrophobic core volume, which makes only small differences for
surfactants with slightly varying hydrophobic chain lengths (Ci4 to Cis) in case of FRET
determination.

Table 1: Comparision of micellar radii obtained by two different methods

Surfactant Radius FRET [nm] Radius FCS [nm]
CTAB 3,71 10,01 4,56 + 0,07

Septonex 3,64 +£ 0,01 3,42 + 0,01
TTAB 3,54 £ 0,03 3,16 £ 0,01
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4 Conclusion

Measuring occurrence of Forster resonance energy transfer in micellar systems
of three different cationic surfactants in order to determine radius of micelles showed
ability of this method to describe dependency of the donor-acceptor distance on the length
of hydrophobic chain of the micelle. To confirm this result, FCS diffusion measurement
was performed to obtain radii of studied micelles. Using this method differences between
surfactants of different hydrophobic chain length on micelle radius seemed more
pronounced. This variance might be caused by way of perylene solubilization in the
hydrophobic core of micelle, which might not be very different for examined surfactants.

In general, although, obtained result are in good agreement — in both experiment the
radius of the micelle decreased with decreasing number of carbon atom in the
hydrophobic chain of the surfactant.
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1 Introduction

1.1 Natural antioxidants in cosmetics

Many current cosmetics contain antioxidants as their active ingredients. Oxidation reactions are known for their ability to
produce free radicals, which can start reactions that will damage skin cells. Presence of free radicals in the skin could initiate the
wrinkling, photoaging, elastosis, drying and pigmentation of the skin. Topical antioxidants could terminate the chain reactions
by inactivating the free radicals intermediates and inhibit other oxidation reactions by being oxidized themselves. This could
represent the protection of a skin against the environmental stress caused by free radicals!.

Plants produce natural antioxidant compounds that could control the oxidative stress caused by sunlight and oxygen. A
number of commercial cosmetic products have various combinations of plant extracts. The formulations contain natural
antioxidants, that is, polyphenols, flavonoids, flavanols, stilbens and terpenes. The choice of the right active plant extracts, the
confirmation of their activity and their stability are the important factors for the formulation of an effective product!.

1.2 Encapsulation

Research on and the application of polyphenols, have recently attracted great interest in pharmaceutical industry, due to
their potential health benefits to humans. However, the effectiveness of polyphenols depends on preserving their stability,
bioactivity and bioavailability?2.

Encapsulation is a process of entrapping active agent into a carrier material. A number of cosmetic products contain
biologically active substances that require encapsulation for increased stability of the active material. The topical delivery of
active ingredients requires effective, controlled and safe means of reaching the target site within the skin. Preservation of
bioactive compounds is also essential during formulation, storage and application of the final personal care product.
Encapsulation offers an ideal carrier system for cosmetic active ingredients, as it matches to all these requirements. The selection
of the encapsulation technique and carrier material depends on the final application of the formulation, considering physical
and chemical stability, concentration, required particle size, release mechanism and manufacturing costs?.

1.3 Safety assessment of nanomaterial induced DNA damage

The dramatic expansion in the nanotechnology industry over the last years has resulted in the development of a countless
of novel materials specifically in the nano-size scale. Thus, the need to define a risk management strategy for these new
products is highly debated topic. An important aspect of hazard identification includes the potential for a novel agent to induce
genotoxicity, as a damage of the genetic material. The mechanisms of nanomaterial induced genotoxicity fall into two main
categories. Primary mechanisms are those transmitted by the nanomaterials themselves at the level of the single-cell and may be
either the result of direct or indirect interaction between the nanomaterial and DNA. The secondary mechanism for genotoxicity
is related to the ability of a nanomaterial to induce a (chronic) inflammatory response in vivo. This results in excessive
generation of ROS by macrophage and neutrophil cells recruited to the exposure site as a defence mechanism. Due to the range
of mechanisms leading to nanomaterial induced DNA damage and the variety of mutagenic events that may occur as a result, a
battery of testing systems is required to establish the genotoxic potential of a substance*.

1.4 SOS Chromotest

Bacteria are commonly used as model organisms in test systems for genetic toxins. They enable understanding of the basic
mechanisms of genotoxicity and of its consequences. Bacteria possess elaborate mechanisms to respond to DNA-damaging
agents. In Escherechia coli some of the responses induced by genetic toxins involve a number of functions known as the SOS
responses’. EBPI SOS Chromotest™ employs a mutant PQ37 strain of E.coli in which the SOS gene complex repair promoter
region of the genome that is responsible for activating the SOS genes has been linked to the {3 gal gene responsible for the
production of the B-galactosidase enzyme. The degree to which the cell is trying to repair its DNA damage using the SOS gene
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repair complex is directly linked to the production of 3-galactosidase which is measured by the enzyme’s reaction with a blue
chromogen®.

GENOTOXIC AGENT GENOTOXIC AGENT
@ / DAMAGES DNA
P-GALACTOSIDASE ASIGNAL FROM THE
ENZYME “——  DAMAGED DNA
ACTIVATES THE SOS
) K PROMOTER LINKED
ACTIVATED f-gal GENE RONHE
CAUSE THE de nono SYNTHESIS p-gal GENE

AND SECRETION OF
BETA-GALACTOSIDASE ENZYME

Figure 1 Cellular events in SOS bacteria when exposed to a genotoxic agents

2 Experimental

2.1 Methods

Water extracts of lavender, clove, rosemary, elderberry, sage and cinnamon were prepared and the concentration of
phenolics as well as antioxidant capacity were evaluated. Extracts were packed into liposome particles using ultrasonic
homogenization. Liposomes were prepared from mixture of egg lecithin and cholesterol. For sterile filtration of liposome
suspensions 0.2mm filter membrane was used. Concentration of phospholipids was obtained spectrophotometrically.

The efficiency of encapsulation was determined by spectrophotometry. The physicochemical evaluation of particles (size
and zeta potential) was analyzed by dynamic light scattering.

For analysis of genotoxic effects of extracts and particles SOS Chromotest was used. Whole test was performed using
commercial kit EBPI SOS Chromotest™. Bacteria strain E.Coli PQ 37 were inoculated into kit nutrient medium and incubated
overnight at 37 °C.. Afterwards, cells were diluted with fresh medium to an absorbance of 0.08 at 630nm. Fractions (100 ul) were
distributed into wells containing 10 ul of the compound to be tested. After 2 hours incubation at 37 °C and adding colored
reaction solutions, enzyme activity was evaluated spectrophotometrically.

2.2 Results and discussion

In plant extracts prepared from dried lavender, rosemary, elderberry, sage and solid clove and cinnamon the total amount of
phenolics, flavonoids and antioxidant capacity was detected.

Table 1 Characterization of water extract of plants

plant extract phenolics | flavonoids antioxidant capacity
concentration [mg/g of plant] TEAC [mg/ml]
lavender 33.04+0.00 3.35+0.00 0.212+0.037
rosemary 47.34+0.03 9.36+0.01 0.228+0.017
elderberry 53.12+0.04 36.89+0.01 0.238+0.006
sage 19.25+0.02 8.28+0.01 0.168+0.005
clove 175.910.01 18.13+0.00 0.534+0.001
cinnamon 6.88+0.00 1.370.02 0.053x0.007
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In Fig. 2 the comparison of encapsulation efficacies of individual plant extracts were compared.
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Figure 2 Encapsulation efficiency in individual liposomes measured as % of released phenolics

The size and stability of prepared particles was analyzed by dynamic light scattering. The average liposome size was found in
range of 138 — 184 nm. The values of zeta potential were used for characterization of particle stability. As the stable the particles
with zeta potential lower than -30mV and higher than +30mV can be considered. All plant extract-loaded liposome were found

as stable.

Table 2 Size and stability of particles — average values based on DLS measurement

plant extract lip
average size [nm] zeta potential

[mV]
lavender 138.25 -35.15
rosemary 148.35 -34.95
elderberry 163.25 -41.05
sage 173.20 -48.90
clove 183.80 -38.85
cinnamon 169.75 -45.55
empty particles 144.95 -47.15

Genotoxic effects of various concentrations of plant extracts and extract-loaded liposomes were analyzed by commercial SOS
Chromotest kit. Specific activity of B-galactosidase was obtained spectrophotometrically after 2 hours incubation with tested
compounds. Genotoxic potency of samples was expressed as the induction factor IF. IF was calculated as a proportion of
B-galactosidase specific activity of a sample and negative control. IF value of 1.5 can be considered as a critical threshold for
labelling substance as genotoxic [5]. It was found, that neither extracts nor particles show any genotoxic effect.

Table 3 SOS induction factors of plant extracts

plant extract dilution concentration of IF plant dilution concentration of IF
phenolics extract phenolics
[mg/ml] [mg/ml]

lavender 0 6.61 1.49 sage 0 3.85 0.76
2 3.30 1.06 2 1.93 0.68
5 1.32 0.85 5 0.77 0.71
10 0.66 0.79 10 0.39 0.72

rosemary 0 9.47 1.01 clove 0 35.18 0.58
2 473 1.00 2 17.59 0.78
5 1.89 0.77 5 7.04 0.60
10 0.95 1.03 10 352 0.82

elderberry 0 10.62 0.90 cinnamon 0 1.38 0.62
2 5.31 0.92 2 0.69 0.52
5 212 0.84 5 0.28 0.66
10 1.06 0.97 10 0.14 0.83
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Table 4 SOS induction factors of extract-loaded liposomes

extract-loaded dilution concentration of concentration of IF
liposomes encapsulated phospholipids
phenolics [mg/ml] [mg/ml]
empty 0 0.000 2451 0.97
2 0.000 1.226 0.99
5 0.000 0.490 0.99
10 0.000 0.245 1.06
lavender 0 0.106 0.664 091
2 0.053 0.332 0.80
5 0.021 0.133 0.87
10 0.011 0.066 0.53
rosemary 0 0.257 0.491 0.27
2 0.134 0.246 0.46
5 0.053 0.098 0.71
10 0.027 0.049 0.55
elderberry 0 0.187 0.940 0.96
2 0.094 0.470 0.87
5 0.037 0.188 0.95
10 0.019 0.094 0.96
sage 0 0.009 0.672 0.53
2 0.005 0.336 0.62
5 0.002 0.134 0.88
10 0.001 0.167 0.69
clove 0 1.189 0.721 0.82
2 0.594 0.360 0.83
5 0.238 0.144 0.94
10 0.119 0.072 0.99
cinnamon 0 0.016 0.780 0.88
2 0.008 0.390 0.92
5 0.003 0.156 1.00
10 0.002 0.078 1.01

3 Conclusion

Cosmetic formulations with active phenolic compounds can contribute to the protection of a skin against the stress caused
by free radicals. Encapsulation of active agents into nanoparticles could enhance the effectiveness of these formulations.
Nevertheless, assessment of potential genotoxic or cytotoxic effects of these preparations is necessary.
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Membrane properties such as a fluidity and degree of a lipid chain order are
the key variables in design of new liposomal drug delivery systems. Hence, the
lipid order parameter and phase transition temperature of mixed lipid system were
studied by means of steady-state fluorescence spectroscopy.

The phase transition temperature was obtained by analyzing of laurdan emis-
sion spectra at different temperatures. Laurdan molecule is solubilized in the acyl
chain region of the membrane. The shape of the laurdan emission spectra depends
on the presence of water molecules in the vicinity of the naphthalene moiety. The
red shift in laurdan emission spectra indicates the increased concentration of water
in the bilayer and its increased mobility.

The increase of the phase transition temperature was observed in case of all
studied cationic lipid/phospholipid mixtures.

The degree of a lipid acyl chain order in liposomes and the membrane fluidity
were studied by means of fluorescence anisotropy, which measures depolarization
of fluorophores excited by polarized light, where the depolarization depends on
the membrane fluidity. Diphenylhexatriene is a suitable fluorescence probe for the
anisotropy measurements.

The increase of lipid order was observed with increasing ratio of phospholipid
in the lipid mixture.

By mixing of biocompatible zwitterionic phospholipid with cationic lipid we
get composite structures with tailored mechanical properties which could be uti-
lized in drug delivery systems. Moreover, interactions with a polyelectrolyte could
be controlled by cationic lipid/phospholipid ratio.

The inclusion of cholesterol molecule in the acyl chain region has different ef-
fect on the membrane fluidity depending on acyl chain saturation and degree of
order in the headgroup area (ratio of cationic lipid/phospholipid).

Keywords: lipid, membrane, liposome, fluorescence spectroscopy, laurdan, di-
phenylhexatriene
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The green microalgae strain Haematococcus pluvialis is the best producer of
astaxanthin, the red pigment, which is known for antioxidant activity that is higher
than other carotenoids and vitamin E. Astaxanthin is localized in the thick-walled
cysts, which are produced under unfavorable environmental conditions. The pres-
ent study was aimed to investigate the effect of different stress factors on astaxan-
thin production.

The growth characterization was performed by optical density at 680 nm and
720 nm in Photobioreactor FMT 150 under optimal growth conditions: cultivation
media BG11, white light of intensity 100 pmol photons m? s, 22 °C, aeration with
the air enriched by 2 % of CO2. During cultivation the cell growth phases and num-
ber of cells were observed by optical microscope. Photochemical quantum yield
was monitored by pocket size instrument AquaPen (PSI). In the last part of work,
the influence of selected stress effects on astaxanthin production was studied. Fol-
lowed stress factors were used: high intensity of light (1 000 pmol photons-m?s),
low nitrogen concentration (2.2 mM) and combined addition of sodium chloride
and sodium acetate (0.5% NaCl, 2 mMNaAc).

The best yield of astaxanthin was obtained under strong illumination. Oppo-
sitely, minimal production was showed in presence of salt stress.

Keywords: astaxanthin, Haematococcuspluvialis, stressconditions
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DNA-based methods are an important part in the detection of food adultera-
tion. These methods require highly purified DNA allowing enzymatic treatments.
However, the quality of DNA isolated from food products is often low due to phe-
nolic and polysaccharide contaminants.

The aim of this work was to develop a micro method for isolation of DNA from
plant-based food products. The ultimate goal was an optimized protocol which
would provide DNA suitable for application in molecular diagnostics. Samples
of DNA from different jams, in particular red currant, chokeberry and peach jam,
were isolated using magnetic nanoparticles. The jam samples were processed by
a modified cetylammonium bromide (CTAB) method (treatment with CTAB-con-
taining buffer, chloroform and isopropanol). After the separation of polyphenolic
and polysacharide CTAB complexes partially purified DNA was bound to magnet-
ic nanoparticles covered by poly(L-lysine). Two different methods of DNA isolation
were compared: a separation based on condensation of DNA and its adsorption on
the surface of magnetic particles and the separation of DNA from the sample by
electrostatic forces. The quality of isolated DNA was determined by UV spectro-
photometry. The spectrophotometric determination showed a contamination of the
samples by various compounds. Some DNA samples were successfully amplified
using conventional PCR. The experiments mentioned above will be continued and
the optimization of the method is in progress.

Keywords: DNA isolation, magnetic nanoparticles, PCR
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The main aim of this work is to present the possibility of using a cosmopolitan
terrestrial organism and its two different life stages for evaluation of the possible
effect of environmental contaminants. The organism used in this study is a pulmo-
nate gastropod Helix aspersa aspersa (syn. Cantareus aspersus or Cornu aspersum), or
the brown garden snail in common. For this study, we selected two different life
stages of this snail: eggs and juvenile individuals. The assessed substance was cad-
mium chloride (CdCl,). There were three main parts of the study: standard growth
inhibition test with juvenile snails, hatching success test with the eggs and embryo-
toxicity test. In the first case, the juvenile snails were exposed to different concen-
trations of cadmium (0 — 500 mg/l) and the toxicant was spiked onto a filter paper
on the bottom of the breeding boxes. This test lasted for 28 days and the monitored
endpoints were: mass and shell diameter. Second part of study - exposition of eggs
was performed in small Petri dishes with a filter paper on the bottom and the con-
centrations of cadmium were the same as in the first case. The exposure of the eggs
lasted for 14 days and the percentage of successfully hatched snails was evaluated.
In the last case, we observed the effect of cadmium in a low concentration (6mgy/1)
on the embryos in different time periods from the start of the test. This test lasted
also for 14 days and the endpoints were: size and state of the embryo, morphologi-
cal and physiological changes.

The results showed significant differences between the sensitivity of eggs and
juvenile snails and also negative effects of cadmium chloride on the development
of the snail embryos. The present study summarizes a scale of different endpoints,
which could help for better understanding the effects of toxicants on the environ-
ment.
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1 Introduction

6-propionyl-1,2-(N,N-dimethylamino)naphthalene (Prodan) is highly fluorescent
molecule, which has been used extensively as a fluorescent probe in the studies of
physically-chemists biological systems, cells membranes, models membranes and micellar
systems'6. Its absorption and emission spectra are strongly dependent on polarity of its
environment. For example, the maximum of Prodan emission in nonpolar cyclohexane is
around 400 nm and undergoes a dramatic red shift to 530 nm in water”. Such
environmental sensitivity of Prodan fluorescence is mainly attributed to a large difference
between the dipole moments in its ground and excited states, resulting in pronounced
solvent dipolar relaxation around the excited molecule of fluorophore.

The excited molecules of Prodan can exist in two different forms — the first one, the
locally-excited state (LE), from which molecules of Prodan can switch to lower-energy
intramolecular charged transfer state (ICT) due to strong interaction with molecules of
solvent’. In nonpolar environments Prodan emits from LE state, while in polar
environments the emission is from ICT state.

= : E”}cn x Ei"n;
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Figure 1: Local excited (LE) and intramolecular charge transfer (ICT) structure of prodans®.

In this paper, we report study of Prodan fluorescence behaviour in cationic micellar
solution of cetyltrimethylammonium bromide. Deconvolution of the overall Prodan
fluorescence emission spectrum enables an interpretation of location of prodan molecules
within discrete microdomains of different relative polarities.
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2 Experimental

2.1 Materials, preparation of samples

Cationic surfactant cetyltrimethylammonium bromide (CTAB) of the best available
purity was purchased from Sigma-Aldrich and used as received. Stock solution of CTAB
in water was prepared in concentration 2 mmol 1. Fluorescence probe Prodan (Fluka) was
also used without further purification. Stock solution of this probe was prepared in
acetone in concentration 2 x 10+ mol 1.

At first, the stock solution of prodan was added to the glass vials and then the
acetone was evaporated. The final concentration of this probe in samples was
1 x 10-¢ mol I'*. Then, the solution of CTAB was added. The sample was left on a shaker for
24 hours at room temperature before time-resolved fluorescence measurement.

2.3 Methods and instrumentation

Fluorescence measurements were performed with the time-correlated single photon
counting (TCSPC) technique (Spectrofluorometer Flurocube, Horiba Scientific). The
samples were excited by the NanoLED diode 372 nm with pulse width 1.1 ns. To construct
the time-resolved emission spectra (TRES), a steady-state spectrum were measured and
the series of fluorescence decays were collected from 410 to 610 nm at 5 nm intervals. The
lifetime was measured at orientation of polarizers in magic angle and peak preset was set
to 10 000 counts. Temperature of the sample chamber was set on 25 °C.

Acquired lifetimes component and their pre-exponential factors (showing their
contribution to the measured fluorescence) were used for construction of TRES. Steady-
state fluorescence spectrum was deconvoluted to corresponding different forms of Prodan
and their relative intensities.

3 Results and discussion

As you can see in Figure 1, the fluorescence signature of Prodan in CTAB micelles is
a composite spectrum with contribution from the probe population within various
microdomains of this micelar agrregates. Three forms of Prodan with different lifetimes
and maximums of emission were discovered.

The first form of Prodan with the shortest lifetime Tt = (0.25 + 0.8) ns shows emission
between 410 and 470 nm. These fluorescence parameters should correspond to Prodan
molecules in LE state in nonpolar solution, so this molecules of Prodan are probably
solubilized in hydrophobic core of CTAB micelles. Next emission component has the
lifetime t = (0.81 + 0.9) ns and shows fluorescence between 410 and 530 nm with emission
maximum at 475 nm. Red shift of emission and higher lifetime indicate higher polarity of
Prodan surrounding. This species should emit also from LE state, which is correspond
with Prodan moleculas located in palisade layer of aggregates probably. The component
with longest lifetime 13 = (2.82 + 0.05) ns should appropriate to Prodan molecule located
on the surface of aggregates. Their emission from ICT state is shifted to red side of
spectrum with maximum about 495 nm due to higher polarity of their surroundings.
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Figure 1: Deconvolution of steady-state fluorescence spectra of Prodan in CTAB micellar solution
to three components with lifetimes T1=0.25 ns 2= 0.81 ns and 13 =2.82 ns.
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Figure 2: Time-resolved emission spectra of Prodan in CTAB micellar solution. Amax=495 nm.
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Figure 2 shows as TRES of Prodan molecules in CTAB micellar solution. In shortest time
after excitation, emission has two local maximums, the first one is around 425 nm and the
second one is at 495 nm. With increasing time after excitation maximum around 425 nm
disappears and in longer time after excitation TRES has only one peak at 495 nm. This fact
contributes with two forms of Prodan located in hydrophobic core and palisade layer of
micelles, which emit only in the blue side of spectrum and theirs short lifetimes. In longer
time after excitation, we can see fluorescence of Prodan molecules located on micellar
surface only. Thus obtained TRES corresponds to deconvolution of emission spectra.

4 Conclusions

In this work, we investigate the fluorescence behaviour of the molecular probe
Prodan in cationic micellar solution of CTAB using steady-state and time-resolved
fluorescence spectroscopies. The results show the existence of three different forms of
Prodan, which are located in different parts of cationic micelles. The first species with the
shortest lifetime with fluorescence maximum about 435 nm probably correspond to
molecules of Prodan solubilized in hydrophobic core region. The second form of Prodan
with maximum of emission about 475 nm should coincide to molecules localized in
palisade layer of aggregates. Most reflected form of Prodan with the longest lifetime and
emission in the red side of spectrum should probably locate on the micellar surface.
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The study is focused on comparing the occurrence of platinum and palladium
in urban areas in Brno and Moscow.

This thesis includes the monitoring of released amount of platinum and pal-
ladium to the environment, especially due to intensive car traffic. In this work we
were compare two selected types of matrix - herbaceous vegetation and soil matrix.
Acquired data of measurements confirmed that the soil matrix seems to be pref-
erable matrix for monitoring the concentration of platinum and palladium in the
environment. It is caused due to lower absorption in vegetation and more difficult
detectability in biotic samples. Poor absorption may be caused by climatic condi-
tions, especially rinse contaminated plant parts by atmospheric rainfall.

The sampling sites were chosen in places with the highest rate of car traffic.
These were mainly near busy intersections and busy road sections.

Concentrations of metals from the center of Moscow were approximately 3
times higher than the city center in Brno. Values from the sampling sites MKAD
(Moskovskaya Koltsevaya Line avtomobilnaja doroga) were up to 10 times higher
than the value from Brno. The result of such high concentrations of platinum and
palladium is extremely frequency of automobile traffic and constantly forming col-
umns with driving style ,start - stop”.

Tthe major environmental platinum and palladium pollution is their use in au-
tomotive catalyst. Surface of the catalyst is attacked during chemically, physically
and rapid alternating redox conditions, high temperature and mechanical wear.
This wear leads to emission of platinum and palladium into the surrounding en-
vironment. The highest accumulation of these metals is in the vicinity of roads,

mainly in the large urban areas. So, just people living near these busy roads are

the most endangered group in terms of influencing their health by present
metals with emergence of possible allergic reactions and other disabilities.

Keywords: Platinum, palladium, platinum group metals, the environment,
atomic absorption spectrometry, extraction, ICP-OES
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Heart failure following myocardial infarction (MI) causes morbidity and mor-
tality worldwide. The field of tissue engineering has developed several potential thera-
pies for treating MI including cell therapy. Cells could be incorporated into the hydro-
gels to prolong their retention in the site of application. These injectable biomaterials

have the potential to be delivered minimally invasively by catheter.

Hyaluronan-tyramine derivative (HA-TA) could be used for this purpose. It is capa-
ble to form covalently crosslinked hydrogels by horseradish peroxidase (HRP 0,1-0,5 U/
ml) mediated reaction. Crosslinking reaction is initiated by addition of highly diluted
H,0, (0,3-1,7 mM). To enhance cell adhesion, HA derivative (HA-PH-RGD) bearing
both hydroxyphenyl moiety and RGD cell adhesive sequence, have been prepared. The
capacity of scaffolds to carry the high number of cells is very important to achieve effec-
tive treatment of damage heart tissue after myocardial infarction. It has been prepared
hydrogel capable to contain a huge number of cells. HA-aldehyde (HA-Ox), commonly
prepared by selective oxidation of native HA, could be used as other possibility. Gela-
tion is initiated by addition of diamine O,0'-1,3-propanediylbishydroxylamine dihydro-
chloride (POA) into HA-Ox solution. In this work the properties of listed materials have
been evaluated and compared to select suitable material for intended application.

The viscosity of precursor solutions was evaluated using rheometer ARG2. The criti-
cal gel point (GP) was detected at 37 °C as cross-over point where the elastic and viscous
moduli were equal (G'=G”). Young’s modulus (Y), compressive stress at breaking point
and toughness (T) were measured in compression using device Instron 3342. Measuring
of mechanical properties was repeated 3 times with variability + 10 %. The swelling ratio
of the samples was determined from their weight increase from the original to the swol-
len state. Up to 50 mil stem cells were encapsulated per ml of hydrogel and cultivated
for 28 days.

HA based hydrogels are prepared by non-cytotoxic reaction. HA-TA/HA-HP-RGD
hydrogels fulfil criteria for incorporation of large number of cells up to 50-10° cells/ml of
hydrogel. Moreover, the low precursor solution viscosity enables to deliver the material
through the catheter into the damaged heart tissue. All these aspects predispose these
materials as suitable cell seeded scaffold for myocardial regeneration.

This work has received funding from the European Union’s Seventh Framework
Programme for research and technological development and demonstration under
Grant Agreement no. 604531 (AMCARE).
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Antibiotics are pharmaceuticals used to treat diseases caused by bacteria. They
are widely used in human and veterinary medicine. Macrolides are after penicillins
the second most prescribed group of antibiotics in the Czech Republic.

After administration, the drugs are excreted from the body in the form of me-
tabolites or unchanged via urine or feces. These compounds are then discharged
into the waste water and in most cases enter the wastewater treatment plants
(WWTPs). Antibiotic can negatively affect biological processes of treatment, where
microorganisms are essential for proper functioning WWTP. In many cases the effi-
ciency of antibiotics removal is not sufficient, thus WWTPs are considered as major
point sources of environmental contamination by these compounds. The presence
of antibiotics in the environment can lead to the development of bacterial resistance
to antibiotics which is one of the biggest threats to mankind nowadays.

In this work, we examined the presence of macrolide antibiotics (azithromycin,
clarithromycin, erythromycin and roxithromycin) in waste water (in both, inflow
and outflow from treatment plant) from three different WWTPs — WWTP Brno-
Modfice, WWTP Mikulov and WWTP of The University of Veterinary and Pharma-
ceutical Sciences Brno. As pre-concentration step was used solid phase extraction
(SPE) and HPLC coupled to MS detection was used as a final analytical technique.

The total occurrence of macrolides in 26 collected samples was 100 % for azithro-
mycin, clarithromycin and erythromycin and 96 % for roxithromycin. In general,
the highest concentrations were observed in WWTP of Brno-Modfice and the low-
est concentrations were determined in WWTP of The University of Veterinary and
Pharmaceutical Sciences Brno. The comparison of concentrations of individual sub-
stances shows, that the concentrations of azithromycin and clarithromycin were
one or two orders of magnitude higher than the concentrations of erythromycin
and roxithromycin (concentration scale of ng L to pg L). Calculated removal ef-
ficiencies of antibiotics were ranging from 13 to 100 %.

Keywords: waste water, macrolide antibiotics, liquid chromatography, mass
spectrometry, solid phase extraction

Acknowledgment: This study has been worked out under the project No.
LO1408 ,,AdMaS UP - Advanced Materials, Structures and Technologies”, support-
ed by Ministry of Education, Youth and Sports under the , National Sustainability
Programme I“ and under the project FCH-5-17-4766 from the Ministry of Educa-
tion, Youth and Sports of the Czech Republic.
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Cellular autofluorescence can affect the sensitivity of fluorescence microscopic
or flow cytometric assays by interfering with the detection of low-level specific
fluorescence. On the contrary, autofluorescence can be used to distinguish micro-
bial cells from abiotic particles in flow cytometry analysis or, moreover, it can even
serve as a marker of physiological state of the microbial culture of the interest, for
instance during biotechnological process. Therefore, our aim is to use the green
autofluorescence of bacteria Cupriavidus necator H16 and it's mutant strain Cuprivai-
dus necator PHB-4 as a marker in various biotechnological processes. Time resolved
fluorescence spectra of cellular autofluorescence using variety of excitation lasers
are presented, and so are the possibilities of using fluorophores whose spectra do
not overlap with the native green fluorescence.

Flow cytometry and fluorescence microscopy are complementary techniques
used in this work. Combining their strengths, i.e. the ability of flow cytometer to
analyse millions of cells in a very short time, and the high resolution of fluorescence
microscopy when analysing single cell, we are able to obtain much more reliable
data than when using just one of these techniques.

Keywords: fluorescence, bacterial autofluorescence, biotechnological process-
es, flow cytometry, fluorescence microscopy
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Nowadays the preparation of colloidal nano-structures with surface enhanced
activity for surface spectroscopy methods is a very active field of research. Par-
ticularly in cases where the low concentration of the sample is studied. We ana-
lysed three only balck inkjet prints using Surface-Enhanced Infrared Absorption
Spectroscopy (SEIRAS) and these three samples were measured using Atomic
Force Microscope Infrared-Spectroscopy AFM-IR. The present work deals with the
micro-destructive method of document analysis from the point of view of forensic
examnination of questioned documents. We analysed samples spectra acquired di-
rectly from the document. The colloid of silver nanoparticles (AgNPs) were synthe-
tized and applied in SEIRAS measurements. The purpose of enhancement effect of
colloids on analysed samples was to improve the resolution of the absorption signal
from noise. Size and shape of prepared AgNPs were characterised using scanning
electron microscopy (SEM).

The experiment was performed by measuring spectra in infrared range to gain
signal of inkjet outsprints. Nexus 670 FT-IR device, in ATR mode with Smart Dura
Scope accessories — diamond crystal, resolution 4 cm™, 32 points of scans in the
range of 4000 to 700 cm™ was used. Using Smart Dura Scope, the AgNPs treated
area of outsprints could be focused more precisely then visually. Measured spec-
tra were compared with AFM-IR (nanolIR2, Analysis Instruments) spectral data ac-
quired in two ranges of 1000 to 2000 and from 2500 to 3600 cm™ with a resolution
of the device setting to the 4 cm™ and probe size 20 — 30 nm. The spectral measure-
ments were performed afterwards the AFM images were captured. The structure
of printed paper could be observed and the spot of examination could be selected.

Both methods provide an insight into the chemical structure of the inkjet-print-
ed document. We, therefore, consider the AgNPs would be promising for applica-
tions in the forensic analysis of documents when routine methods are not effective.

Keywords: AFM-IR, SEIRAS, inkjet
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Oleganious red yeasts (Rhodotorula, Cystofilobasidium and Sporobolomyces)
are non-conventional yeasts with ability to utilize a wide range of cheap waste
substrates (whey, glycerol, animal fat etc.). These strains also accumulate significant
amounts of lipids and lipid-soluble metabolites as sterols and pigments. Using
waste substrates could lead to the low-cost biotechnological production of enriched
biomass that could be used in pigment production or alternative way in biodiesel
production.

Traditional cultivation methods in shaking flasks are time-consuming and with
lower reproducibility. Microcultivation system offers reproducible high-through-
put way for large screenings of different fermentation conditions in order to de-
velop an efficient bioconversion of different substrates into lipid-rich yeast biomass.
Fourier-transformation infrared (FTIR) and Raman spectroscopy has shown a large
potential to be used in extensive screenings, especially when screening metabo-
lites are lipids and/or pigments. These complementary techniques allow to perform
high-throughput analysis of intact cells obtained from microcultivation system.
Combination of these techniques allows fast and efficient way how to obtain com-
plete biochemical profiling of biomass and allow more specifically focus on lipid/
pigment profiling.

In the study, twelve red yeast strains were tested on the media with glucose
and glycerol as carbon source, yeast extract and ammonium sulphate as nitrogen
sources and different C/N ratios. The screening was performed in 24-deep well mi-
crotiter plates in Microtiter Plate System. For the evaluation of lipid accumulation
FTIR and Raman spectroscopy was used. It was observed that spectral data from
both FTIR and Raman have correlation with the reference data from GC and HPLC.
The influence of carbon and nitrogen source, as well as C/N ratios on the lipid and
carotenoid accumulation was investigated.

Keywords: Red yeast, Carotenoids, Single-cell oils, Microcultivation, Fourier-
transformation infrared spectroscopy, Raman spectroscopy,
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Diffusive gradient in thin films technique (DGT) has become a routine tool for
speciation analysis of metals in natural waters, soils and sediments. Since its in-
troduction in 1994, more application possibilities appeared - one of them in food
chemistry e.g. lead determination in soy sauces.

Since the concentration of toxic metals in food matrixes is usually very low,
the application of DGT technique with appropriate gel discs is very suitable for
their determination. Not only that DGT technique extracts metals from the food
matrixes, it has also allowed to determinate very low concentrations of metals due
to its preconcentration ability. The usage of DGT technique for determination of
some metals in food matrixes requires special types of sorption gel discs, because
the commercially available gel discs are not able to effectively bind these metals
from matrixes with high concentration of natural ligands, such as chlorides or or-
ganic acids. A typical example of this occurrence is the determination of mercury
by DGT technique.

In the presented work new sorption gel disc with thiol functional group for
DGT technique was prepared by immobilization of L-cysteine on amino-modified
silica via reaction with glutaraldehyde. The prepared sorbent was characterized by
FTIR-DRIFT technique and presence of cysteine was confirmed by many absorp-
tion bands in spectre. In synthesis of following sorbents, different concentrations
of L-cysteine were used resulting into different load of thiol groups content on sor-
bents. These sorbents were characterized by CS elemental analysis technique and
after optimalisation of L-cysteine concentration, the sorbent was incorporated into
polyacrylamide hydrogel layer. In the further work the performance of prepared
sorption gel for determination of mercury in food matrixes by DGT technique will
be tested.
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Carotenoids are natural pigments occurring in plants and many microorgan-
isms, such as algae, yeast and bacteria. They represent the most common group of
antioxidants with significant biological effect. Lipids represent an essential com-
ponent of all living organisms. They are the source and the reservoir of energy for
organisms, which can also be used in the petrochemical industry for the production
of biofuels and in pharmacy as dietary supplements. This thesis deals with the pro-
duction of carotenoids and lipids by selected strains of yeasts and their morphol-
ogy, in order to apply the acquired knowledge and find cheap suitable alternatives
for biotechnological production of these metabolites using waste substrates.

In this work yeast genera Sporobolomyces, Cystofilobasidium and Rhodotorula
were used. Yeasts were cultivated on media with different carbon sources — glu-
cose, glycerol and whey as waste material. Carotenoids, coenzyme Q and er-
gosterol in cells were determined by HPLC/PDA/MS. The lipid content and
fatty acid profiles were analyzed by gas chromatography (GC/FID). Cell mor-
phology and localization of selected metabolites were analyzed by fluores-
cence lifetime imaging microscopy, fluorescence microscopy and flow cytom-
etry. The highest carotenoid production was found in S. pararoseus, C. capitatum
and R. mucilaginosa cells, while the highest lipid yield was observed in strains of
C. infirmominiatum and S. metaroseus.

The results showed that use of whey and glycerol seems to be appropriate car-
bon sources for growth of carotenogenic yeasts and production of carotenoids and
selected lipidic substances as products with higher added value. Further optimiza-
tion of nutrient medium on the given substrates is needed for higher production of
selected metabolites. Techniques of fluorescence microscopy and flow cytometry
have proved to be suitable options for localization of the observed metabolites in
the cells, their amount and cell viability.

Acknowledgements: This work was supported by the project ,Materials Re-
search Centre — Sustainability and Development” Nr. LO1211 of the MSMT.
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The pharmaceuticals are widely used in human and veterinary medicine every
day. Due to their stability and possibility of bioacumulation they are significantly
represented in all components of environment especially in wastewater. Conven-
tional purifying methods on WWTPs are insufficient for elimination of certain
xenobiotics. Especially for xenobiotics which are difficult, slowly or impossible to
eliminate by conventional (mechanical -biological) methods. Due to these facts we
dealt with the possibility of removal xenobiotics by advanced oxidation processes
(AQP).

We chose three groups of pharmaceuticals. First group is Nonsteroidal anti-
inflammatory drugs (ibuprofen, diclofenac, naproxen, ketoprofen) which are most
consumed pharmaceuticals in Czech Republic. Second group is macrolide antibiot-
ics (azithromyecin, clarithromycin, erythromycin, roxithromycin) and third is sul-
phonamide antibiotics (sulfamethoxazole, sulfathiazol, sulfamethazin). The experi-
ments were doing on AOP unit which works with ozone, hydrogen peroxide, UV
radiation and their combinations. This presentation will be focused on the removal
by combinations with ozone.

Solid-phase extraction technique (SPE) was used for extraction, preconcentra-
tion and purification of target compounds. High-performance liquid chromatog-
raphy coupled with DAD and mass spectrometry detection (HPLC-DAD-MS) was
used for final analysis, identification and quantification.

This study has been worked out under the project FCH-S-17-4766 from the Min-
istry of Education, Youth and Sports of the Czech Republic and under the project
No. LO1408 “AdMaS UP - Advanced Materials, Structures and Technologies”, sup-
ported by Ministry of Education, Youth and Sports under the “National Sustain-
ability Programme 1”.
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This study is focused on artificial sweeteners and their occurrence in the
environment, in particular on their presence in waste and surface waters.

Artificial sweeteners are synthetic sugar substitutes. They are much sweeter
than beet sugar and have a wide range of applications. Mostly they are used in
the food industry, but they also found their use in pharmaceutical industry and in
personal care products. They contain almost no energy and thus do not increase
blood sugar levels. For this reason they are used by many people with diabetes or
dieting.

Due to their persistence and ubiquitous occurrence in the aquatic environment,
artificial sweeteners were newly classified as environmental pollutants. Sucralose

(SUC) and Acesulfame K (ACS) do not subject to biotransformation, thus they are
not removed on a biological purification step of waste water treatment. Artificial
sweeteners SUC and ACS are used as potential markers of contamination of surface

water and groundwater by domestic waste water. Sweeteners can get into
groundwater due to leakage of landfill leachates.

The predominant occurrence of sweeteners in the various countries is due to
the extent of their use. E. g. in the US high levels of SUC were found, whereas in the
European countries mainly ACS prevails.

Some sweeteners are evaluated as a potential carcinogens or potential toxics
and this is another reason why their monitoring is important.

Keywords: artificial sweeteners, environment, waste water
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1 Introduction

Bioethanol is a product of microbial fermentation and besides the traditional use in
the distillery industry it has become the most important alternative fuel nowadays.

Bioethanol can be produced from so called first-generation feedstocks (maize, wheat
or sugarcane) and second-generation feedstocks (lignocellulosic materials such as straws,
forest residue or any agricultural waste). For commercial production of bioethanol, first-
generation feedstocks are used, but this kind of production is limited by land availability
and there are also concerns regarding the use of land for fuel as opposed to food
production’. Second-generation bioethanol production from lignocellulosic material is
more promising from this point of view. The main drawback is a complexity of the
process compared to first-generation feedstocks due to the presence of lignin and
hemicellulose?. Additional processing steps, the pre-treatment and hydrolysis, are
necessary for extracting sugar from lignocellulosic materials®. Due to the fact, that the pre-
treatment process is highly energy-intensive and enzymatic hydrolysis expensive, the
production of second-generation bioethanol is currently not economically feasible.
Therefore, bioethanol production from second-generation feedstocks is the focus of
research and development®.

Waste paper is a suitable second-generation feedstock for the production of
bioethanol, because of its abundance, economic competitiveness and content of a
relatively high amount of carbohydrates®. The paper is partially delignified and deprived
of significant amounts of hemicellulose during the pulping process and does not require
energy-intensive thermophysical pre-treatment, in comparison to other lignocellulosic
materials®.

For effective ethanol production the rapid fermentation and high ethanol
concentrations are required. Therefore, a microorganism used in the fermentation process
should have a good growth rate, a high specific ethanol production rate at a high osmotic
activity, and should be able to tolerate a high concentration of ethanol”.
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In this work, five non-Saccharomyces yeast strains and commercial strain
Saccharomyces cerevisine were examined for the production of bioethanol. Due to the fact,
that cellulose in the paper cannot be utilized by yeast directly, the conversion to
fermentable sugars was performed enzymatically. Because of the inhibition of cellulolytic
enzymes by sugars, the method of simultaneous saccharification and fermentation (SSF)
was applied, where the emerging sugars were immediately consumed by fermenting cells
to produce bioethanol. However, the major limitation of SSF is the different temperature
optimum of cellulolytic enzymes (45-50°C) and the fermenting organisms (30 °C).
Therefore, it would be very useful to identify thermotolerant microorganism with good
ethanol production efficiency.

2 Experimental

2.1 Materials

Microorganisms

Pichia kudriavzevii CCY 29-9-42 isolated from the blossom of a plum tree,
Hanseniaspora guilliermondii CCY 46-1-3 isolated from the blossom of a plum tree,
Candida solani CCY 29-23-21 isolated from the contaminated soil,
Wickerhamomyces anomalus CCY 38-1-35 isolated from the leaf of a plum tree,
Kluyveromyces marxianus CCY 51-1-1 isolated from yoghurt,

Saccharomyces cerevisiae originated from an industrial distillery.

Strains were maintained on malt agar at 4 °C. Propagation was carried out in a
liquid medium containing glucose (20 g/L) and yeast extract (3 g/L) at 30 °C. Yeast
biomass was collected by centrifugation (3000 rpm, 10 min).

Enzymes
Novozymes' cellulosic ethanol enzyme kit (NS 22086 cellulase complex, NS 22118
B-glucosidase), Novozymes, Denmark

Substrate
White waste cardboard was chopped to squares of a size about 1x1 cm and dry
grinded using a kitchen blender.

2.2 Methods

In each of six Erlenmeyer flasks 6 g of a sterile substrate was suspended in 100 mL of
0.1 M citrate - phosphate buffer, pH 5.0. Cellulolytic complex NS 22086 (3 % w/w) and
B-glucosidase NS 22 118 (0.6 % w/w) were added to the suspension. Each flask was
inoculated with one of the six yeast strains. The flasks were placed in a thermostat without
shaking at 30 °C for 7 days. They were periodically sampled and glucose and ethanol were
determined using a HPLC system (Accela, Thermo Scientific) with refractometric detector
(Shodex RI - 101) and column Watrex Polymer IEX H (250x8 mm, Watrex Prague, Czech
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Republic). As a mobile phase 9 mM H2504 was used with a flow rate of 0.5 mL/min.
Analyses were performed at the room temperature.

After the screening of strains for ethanol production at 30 °C the experiment was
repeated with double concentration of yeasts and repeated again at 40 °C.

3 Results and discussion

The ethanol concentrations produced by six yeast strains in the first experiment are
shown in Fig. 1. Strains Candida solani and Hanseniaspora guilliermondii did not proved to
be suitable for ethanol production, as the ethanol concentration did not exceeded 2 g I-1.
Therefore, the following experiments with double amount of cells at 30 °C and 40 °C were
made only with Pichia kudriavzevii, Wickerhamomyces anomalus, Kluyveromyces marxianus
and Saccharomyces cerevisiae. The temperature 40 °C was chosen in order to approach a
temperature optimum of cellulolytic enzymes which is 50 °C.

10 -~ ——P. kudriavzevii
g L C. solani
-
= 6 ¥ —— W. anomalus
X
“

H. guilliermondii
K. marxiarus

- H —e— Scerevisiae
. . )

100 150 200

time (hours)

Figure 1: Production of ethanol at 30 °C - initial screening

All four strains tested showed significant increase of ethanol concentration when a
double concentration of yeast cells was used at 30 °C. The highest concentration of ethanol
was produced by P. kudriavzevii and S. cerevisize, it was 14.01 + 042 g 17 and
13.35+0.13 g1, respectively, after 163 h. The fermentation rate was highest with
S. cerevisiae, other strains needed more time to reach the same concentration.

A decrease in ethanol production with higher temperature was found out for all
strains tested (Fig. 2). Yeasts W. anomalus and K. marxianus produced at both temperatures
the same concentrations of ethanol till the 50t hour of SSF, and then the production
stopped, because the cells probably lost their viability. After 163 h, the final concentration
of ethanol was 5.02 + 0.05 g 1" and 4.15 + 0.08 g 17, respectively. For S. cerevisiae, the
production at 40 °C was lower than at 30 °C, but the production stopped after 92 hours of
SSF and the final concentration of ethanol was 7.45 + 0.03 g I''. P. kudriavzevii was the only
strain which produced more ethanol at 40 °C, at least during first 92 hours. Then the
production stopped as well. The final ethanol concentration reached 9.40 + 0.04 g I-.
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Figure 2: Production of ethanol at 30 °C (blue line) and 40 °C (red line)

4 Conclusion

Among the strains tested, Pichia kudriavzevii and Saccharomyces cerevisine produced
the highest concentrations of ethanol at 30 °C. P. kudriavzevii was also resistant to higher
temperature of 40 °C. On the other hand, Kluyveromyces marxianus, often used for its
thermal tolerance, did not show to be suitable for the production of ethanol at 40 °C.

The ethanol production ability of Wickerhamomyces anomalus should be highlighted
because this yeast strain is not very examined. The final ethanol concentration was
comparable with other strains that are considered to be good ethanol producers.
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1 Introduction

Recently, microencapsulation has become a widespread technique for synthesis of
multifunctional particles for controlled drug administration! 2, production of self-healing
materials®* 4 or silicone liner-free pressure-sensitive adhesive labels>-®. Increasing
popularity of microencapsulation has not been driven only by the versatility of the
produced microcapsules but also by numerous techniques available for
microencapsulation. Solvent evaporation, also referred as internal phase separation, is
an efficient technique for production of microcapsules with potential for industrial
upscaling.

The principle of solvent evaporation technique is formation of shell from polymer
solution dispersed in immiscible continuous phase. The polymer solution must contain
non-volatile non-solvent as core material and volatile solvent. As the volatile solvent
evaporates, polymer-rich domains separate within the dispersed phase. If appropriate
wetting conditions are achieved, domains migrate to the interface and engulf
the remaining blend of polymer solution with the non-volatile non-solvent. Further
solvent removal leads to complete polymer precipitation into the shell and formation of
the core-shell microcapsule.®'! Formation of microcapsules via solvent evaporation
technique is shown in Figure 1.

solvent evaporation

-0 -0

polymer solution droplet formation of polymer-rich migration of polymer formation of shell by
dispersed in continuous domains to droplet surface further evaporation
phase

Figure 1: Process of microcapsule formation via solvent evaporation
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In order to achieve core-shell morphology of microcapsules materials must be
carefully selected. In the case where water acts as continuous phase for encapsulation of
oil, shell-forming polymer must be more hydrophilic than the encapsulated oil. Prediction
of microcapsule morphology is usually made by measurement of interfacial tensions
between the materials. Spreading coefficients are calculated from the interfacial tensions
according to the following equation??

Si=7jk_(7/y+7ik)' M
If core-shell morphology is targeted core material is designated as phase 1 and shell
material as phase 3. Following condition must be met

V12 2 Va3 2

By the equation 1, only 3 combinations of spreading coefficients Si are possible with
regard to the abovementioned condition (equation 2). The combinations are described
in Table 1. Depiction of resulting morphologies is presented in Figure 2.10.11

Table 1: Spreading coefficients combinations and resulting particle morphologies

S Sz Ss3 Morphology
negative negative positive core-shell
negative negative negative acorn-shaped
negative positive negative separate droplets

a b c

Figure 2: Achievable particle morphologies; (a) core-shell microcapsule, (b) acorn-shaped particle,
(c) two separate droplets

In this study, we have chosen cellulose acetate propionate as shell material due to its
excellent film-forming ability. It is also relatively hydrophilic polymer which is not soluble
in oily 2-ethylhexyl acrylate. Thus, conditions for formation of core-shell microcapsules
should be met. This core-shell material pair has not been studied yet and it may serve as
amodel system for polymerization inside microcapsules which might be possible if
appropriate initiating system is incorporated. Description of the physical process of
microencapsulation, morphology of microcapsules and properties of resulting
microcapsules are presented in this study.

2 Experimental

2.1 Materials

2-ethylhexyl acrylate (2-EHA, 98%, Sigma-Aldrich) was washed with 0.3 M aqueous
sodium hydroxide solution to remove inhibitor. The monomer was dried with anhydrous
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sodium sulfate. Cellulose acetate propionate (CAP, Eastman) with Mn 25 000 g mol-! (by
size exclusion chromatography, SEC) contained 45.0 % propionyl, 2.5 % acetyl and 2.6 %
hydroxyl groups. Poly(vinyl alcohol) (PVA, 88% hydrolyzed) was used as emulsifier in
deionized water. Dichloromethane (DCM, p.a., Penta) was used as supplied.

2.2 Preparation of microcapsules

First, solution of PVA (0.72 g) in deionized water was prepared. CAP (0.864 g) was
dissolved in DCM (79 g). After complete dissolution of CAP, 2-EHA (6.0 g) was added.
The solution (70-80 g) was added dropwise to the PVA solution in a flask equipped with
a paddle stirrer (500 RPM). Steady dosing rate was provided by a syringe pump which
was set to 80 cm? per hour. After dosing mechanical stirrer was exchanged for a magnetic
stirrer (600 RPM) and the flask was equipped with Liebig condenser and heated on
a water bath in order to distill out DCM.

Samples of microcapsules (5 cm3) were taken immediately after the end of dosing,
during and after evaporation of solvent. Heating of microcapsule suspension was finished
when 80-90 % of solvent was distilled.

2.3 Characterization of microcapsules

Wet samples of microcapsules were observed by optical microscopy using Olympus
BX50. Analysis of microcapsule dimensions was performed using AnalySIS docu 5.0
software. Microcapsules were fractured in compression by pushing a cover slip against
a microscope slide covered with suspension of microcapsules.

Confocal laser scanning microscope (CLSM) Olympus LEXT OLS 3000 was used for
morphology characterization of dry microcapsules. In order to prevent misconception by
PVA from the continuous phase microcapsules were washed with deionized water and
centrifuged. Resulting suspension was dropped on a microscope slide and dried at
ambient conditions.

Detailed morphology of dry microcapsules was investigated using a Tescan MIRA3
scanning electron microscope (SEM). Drop of the microcapsule suspension was placed on
an aluminum SEM stub and allowed to dry overnight. All samples were gold coated with
a layer of 10 nm. Secondary electron emission mode was used for all observations at 10 kV
acceleration voltage.

3 Results and Discussion

3.1 Evolution of microcapsule morphology

Partially raspberry-like morphology of microcapsule samples was observed
immediately after emulsification of DCM solution in aqueous solution of PVA.
Raspberry-like morphology was caused by formation of DCM droplets on the surface of
microcapsules. As the micrographs shown in Figure 3 were taken at ambient temperature,
volatility of DCM is high due to its high vapor pressure of 47.4 kPa at 20 °C.
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Figure 3: Partially raspberry-like morphology of microcapsules immediately after emulsification of
DCM solution. Measured areas of droplets cross-section demonstrate growth of DCM droplets on
the surface of microcapsules. Micrograph (b) was taken approximately 30 seconds after (a).
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As shown in Figure 3 raspberry-like morphology has not been fully developed over
the entire surface of microcapsules. This may be caused by the high volatility of DCM
which has evaporated from the droplets at the initial stage of microcapsule formation
when shell has not been fully developed. As the shell increased its thickness permeability
of the microcapsule walls decreased. At critical point of sudden permeability drop only
limited number of pores remained open which were oriented in the direction of the
strongest DCM flow. Growth of DCM droplets (see Figure 3) on the surface of
microcapsules proves strong DCM flow through CAP shell even at ambient temperature.
Figure 3 also shows relatively high microcapsule diameter span from 20 to 120 um caused
by the simple paddle stirrer we used.

Process of solvent evaporation was accelerated by heating the suspension of
microcapsules which resulted in change of microcapsule morphology. As the evaporation
progressed the inner volume of microcapsule decreased. The CAP shell has been fully
developed prior to start of heating. Thus, it did not shrink with progressing evaporation
which resulted in gradual morphology change from raspberry-like to bowl-like. The
morphology change is shown in Figure 4.

Figure 4: Bowl-like morphology of buckled microcapsules at various stages of solvent evaporation:
(a) sample during heating, at approximately 40 % DCM evaporated; (b) sample after heating

Aforementioned morphology change is caused mainly by osmotic pressure
difference which relates to higher outflow of DCM from the microcapsules than
counterflow of continuous phase into the microcapsules. Osmotic pressure buckling has
been recently modeled!® 14 and discussed in experimental studies of different
microcapsule forming techniques's 6.

Counterflow of water may be also the reason of abundant droplets in
the microcapsules which are evident in Figure 3 and 4. These droplets did not exceed
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10 um in diameter and most of them were probably formed before the start of heating
which facilitates higher outflow of DCM.

3.2 Morphology of dry microcapsules

Another consequence of flow through the microcapsule shell was a porosity of dry
microcapsules. These were observed because microcapsules are often used in dry state as
coatings or additives for self-healing materials. Some microcapsules buckle into irregular
crumpled shape instead of the bowl-like morphology. Such microcapsules retained
sufficient inner volume. As theliquid mixture inside the microcapsules evaporated
through the shell micropores were formed. Microporous dry microcapsules are shown in
Figure 5.

Figure 5: Microporous microcapsules dried from suspension in 0.8% PVA solution; (b) is detail of
the upper microcapsule shown in (a)

Figure 5b shows detailed view of micropores in the shell with diameter 1-10 pm.
Some pores might be also covered with PVA film formed after evaporation of continuous
phase. The covered pores are shown as dimples in the surface of microcapsule.

The bowl-shaped microcapsules did not exhibit any porosity. The bowls flattened
during drying with edges of folded shell elevating. The height profile of dry
microcapsules was recorded by CLSM and the results are shown in Figure 6. Resulting
dry particles have height/diameter (aspect) ratio of 0.3-0.4.

As CLSM analysis showed multiple folding of dry microcapsule shell we used SEM
for capturing more detailed image. Micrograph of shell folding by the edge of dry
microcapsule is presented in Figure 7. Shell thickness of 0.3 um was estimated as
half-width of the thinnest edge which is highlighted in the micrograph.
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Figure 6: CLSM micrograph (a) and height profiles (b) of dry microcapsules; height/diameter ratio
in profile 1 was measured 0.3 and 0.4 in profile 2, respectivelly.
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D1=295um

Figure 7: SEM micrograph of shell folding; overall view of microcapsule with highlighted area of
interest is shown in the inset.

3.3 Fracture type of microcapsule shell

Since one of major microcapsule release mechanisms of the core material is by
breakage, fracture type of shell has been investigated. Release rate depends on the type of
fracture. Brittle fracture facilitates more homogenous release over the entire surface of
microcapsule due to crack distribution and disintegration of shell into several parts.
On the other hand, ductile rupture keeps the shell coherent when microcapsule is broken
and the release is more localized due to limited crack propagation from one point. Ductile
rupture is also characteristic for tough microcapsules. Such microcapsules are less prone
to undesirable cracking, e.g. when mixed into a coating formulation.

Microcapsule sample taken after the end of dosing (see Figure 3) was compressed
under microscope. Pressure caused the microcapsules to deform elastically and after
exceeding the tensile strength ductile fracture was observed. Micrograph of broken
microcapsules with crumpled shells is shown in Figure 8.
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Figure 8: Broken micrcupsules with crumpled shells demostratig ductile fracture.

4 Conclusion

Morphology change of 2-ethylhexyl acrylate/cellulose acetate propionate
microcapsules has been described. CAP shell is formed immediately after emulsification
of DCM solution in PVA solution. Evaporation of DCM results in osmotic buckling of
microcapsules and most resulting microcapsules had bowl-like morphology. These
microcapsules flatten on drying due to their only 0.3 um thick shell which does not
support the bowl-like structure sufficiently.

Prepared microcapsules were polydisperse in size with diameter 20-120 um. DCM
droplets on the microcapsule surface were aggregated in partially raspberry-like
morphology. The DCM droplets grew in size since the solvent evaporation continued
even at ambient temperature. Ductile fracture of microcapsules was observed by
rupturing the microcapsules in compression.

Some microcapsules formed irregular crumpled morphology which maintained
higher inner volume. Micropores were formed in the shell of such microcapsules on
drying. Resulting microcapsule morphology probably relates to evaporation rate and
distribution of 2-EHA in microcapsules. These relations shall be further studied because
control of microcapsule morphology and pore size offers potential use in controlled
release particles.
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Even though the 2-EHA/CAP solution in DCM was supposed to follow solvent
evaporation mechanism of shell formation by coalescence of polymer rich domains on
the emulsified droplets/continuous phase interface, premature formation of CAP shell was
observed. In order to prepare core-shell 2-EHA/CAP microcapsules kinetics of shell
formation must be deeply understood. Premature formation is probably driven by
minimization of surface energy, thus tensiometry shall be performed. The novel
microcapsules of 2-EHA/CAP are a promising model system for polymerization inside the
microcapsules.
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Mechanochemical treatment of talc
Jan Bednérek, Jaromir Havlica, Frantigek Soukal

Introduction

Talc is a hydrous magnesium silicate mineral with a composition given by a formula
Mg;SigO19(OH),. It is widely used due to its properties like chemical inertness, softness,
adsorption properties, etc. in numerous industrial applications, e.g. ceramic, plastic or paper
industry. Talc is a monoclinic magnesium-rich phyllosilicate from the group of talc and
pyrophyllite ((Al,SigO19(OH);). The structure of talc consists of tri-octahedral sheets of
magnesium octahedra which are each sandwiched between two sheets of silicon tetrahedra
forming so called T-O-T complex which holds together by weak van der Waals forces. The
major gangue minerals of talc ore are in most cases carbonates, serpentine and chlorite. [1],
[2].

In opposite to metakaolin, which is produced by calcination of kaolin ore at 650-900 °C, it is
not possible to prepare roentgen-amorphous dehydroxylated a delaminated talc phase, so
called meta-talc, via thermal dehydroxylation. At 870-1 050 °C talc undergoes endothermic
dehydroxylation with an immediate recrystallization of a stable crystalline phase, enstatite,
and separation of a silica-rich phase, which recrystallizes to cristoballite during further
heating. [1], [3]

Tangential strain induced by the mills of different types can cause the delamination and loss
of crystallinity of talc. [1], [4], [5], [6]. Subsequent thermal treatment of delaminated talc
provides an option to prepare the delaminated a dehydroxylated roentgen-amorphous phase.
This material, termed as meta-talc, can be analogical with delaminated and dehydroxylated
metakaolin. This work is forced at an influence of mechanochemical treatment in vibrating
mill on structure and thermal properties of talc ore. [1]

Experimental

In this work a talc ore Luzenac H70 (Imerys Talc) was used. 25 g sample was milled in
vibrating mill VM 4 for 10; 20; 30 and 60 min. The loss of crystallinity of talc ore during
mechanochemical treatment was observed with X-Ray diffractometer Empyrean
(PANalytical) using Cu(K,) radiation at 40 kV and current 30 mA. A simultaneous TG-DTA-
EGA analyzer Q600 (TA Instruments) was used for studying dehydroxylation and changes of
thermal properties of talc ore. The sample was heated with the heating rate 10 °Cemin™" up to
1 000 °C in air.

Results and discussion

X-Ray diffraction of untreated talc showed that talc ore used in this work was mainly
composed from talc and clinochlore (MgsAl(AlSi;040)(OH)s), a mineral belonging to a group
of chlorites. Other minerals, e.g. dolomite, muscovite or quartz, were present in minor
amount.

As shown in Fig. 1, crystallinity of talc ore was reduced significantly during high energy
milling. Milling in a vibrating mill for 10 min led to a reduction of material crystallinity to
less than a half. However it is also evident that the progress of peak intesity reduction was
different for both main components — talc and clinochlore. After 10 min of milling the talc
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peak (9.44°) was reduced to about one quarter of its original intensity and since 20 min there
was only quite weak progress in its peak intesity reduction. On the other hand, clinochlore
peak (12.46°) intensity was reduced more slowly with more significant differencies between
individual milling times. Just after 60 min of milling the losses of peak intensity are almost
similar for both phases. In this diffractogram it is also evident that quartz (26.64°) is only
crystallinic phase in this sample which did not undergo amorphisation even after long milling
periods. The reason of its resistance to mechanochemical treatment lies in its structure and
related hardness. Quartz is consisted of silicon and oxygen atoms bonded with a covalent
bond and forms a three-dimensional framework which is tougher than parallel sheets of talc,
clinochlore or muscovite.

1——— VMOmin

—— VM 10min

—— VM 20min
VM 30min
VM 60min

50000 —

Intensity (counts)|

40000 —|

30000 —

20000 —

10000 —

2Theta (°)]

Fig. 1 Effect of milling time in a vibrating mill on crystallinity of talc ore

Thermogravimetric (TG) curves shown in Fig. 2 indicate that loss of weight caused by talc
dehydroxylation increased with progressing milling time. First weight loss at about 500-
700 °C indicates the dehydroxylation of single octahedral layer placed between two sheets in
clinochlore structure. Second weight loss at about 700-1000°C corresponds to
dehydroxylation of both talc and clinochlore. Increasing time of mechanochemical treatment
led to slight shift of both weight loss areas to lower temperatures. This phenomenon can be
explained by gradual amorphisation of sample which leads to enhancement of reactivity.
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Fig. 2 TG curves of talc ore treated a) 0 min, b) 10 min, ¢) 20 min, d) 30 min, ¢) 60 min

As seen at differential thermic analysis curves at Fig. 3, mechanochemical treatment led to
forming of water molecules. Endothermic peak at about 100 °C indicates presence of
physically bonded water created during milling and adsorbed at talc sample. The amount of
physically bonded water in mechanochemically treated sample increases with prolonging of
milling period. Another endotermic peak at about 580 °C depicts the dehydroxylation of
single octahedral layer of clinochlore. The dehydroxylation temperature shifted to lower
values due to mechanochemical treatment. At about 800 °C the sample underwent a
dehydroxylation of both main phyllosilicate components which is immediately followed by an
exothermic peak. At that temperature a recrystallization of enstatite accompanied with a
separation of a silica-rich phase takes place.
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Fig. 3 DTA curves of talc treated a) 0 min, b) 10 min, ¢) 20 min, d) 30 min, ¢) 60 min

Conclusion

Talc ore Luzenac H70 consisting mostly of talc and clinochlore was mechanochemically
treated in a vibrating mill. Both main phases underwent amorphisation and dehydroxylation
due to high energy milling. Some differences in amorphisation progress of both two main
phases were observed; the course of talc amorphisation was faster in comparison with
clinochlore. Dehydroxylation and water formation were also noticed. Water produced due to
mechanochemical activation appeared both as a physical bonded and coordinated in sample
structure.
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We prepared thin films from vapor of tetravinylsilane (TVS) monomer us-
ing plasma-enhanced chemical vapor deposition (PECVD) with a process
gas pressure of 2.7 Pa at a monomer flow rate of 3.8 sccm. Thin films were de-
posited at different powers using continuous wave (10-70 W) and pulsed (2-150
W) plasmas (13.56 MHz). In situ phase-modulated spectroscopic ellipsometer
(UVISEL, Jobin-Yvon) operated in range 250-830 nm was used to determine the
film thickness and optical properties like refractive index and extinction coef-
ficient in a form of dispersion curves. For a selected wavelength of 633 nm,
the refractive index increased from 1.7 to 2.3 and the extinction coefficient was rang-
ing from 0 to 0.15 with enhanced power. The dielectric function of films evaluated
by spectroscopic ellipsometry was fitted by Tauc-Lorentz formula to determine the
band gap, which decreased from 2.7 eV (2 W) to 0.7 eV (150 W) with enhanced
power. The optical properties of films dependent on the power were similar for
continuous wave and pulsed plasmas. The deposition rate for continuous wave and
pulsed plasmas varied from 82 to 262 nm/min as a function of power.

Keywords: PECVD, Spectroscopic Ellipsometry, Refractive Index, Extinction
Coefficient, Band gap
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This paper deals the possibilities of eliminating or separation of ammonium
shares from technological water from plants; where a secondary method of flue
gas denitrification (SCR, SNCR) is introduced. The necessity of ammonium shares
elimination arose after introduction of emission cap, which have been tightened
since January 2015. The denitrification technologies were installed on devices that
did not comply with the new limits. The description of combustion processes, as a
fluid, and high temperature combustion of solid fuels, mechanisms of emissions
and their reduction options is here introduced. The contents of the ammoniacal ni-
trogen in technological waters used in electricity and heating facilities to transport,
or from which are separated by solid products of some processes such as desul-
phurization is discussed. Some options of the ammonium salts removal from tech-
nological waters are also discussed. The obtained experimental results showed an
appropriate method of determination of ammoniacal nitrogen, and the possibilities
of its elimination by conversion to insoluble compound. Last but not least, the work
deals with the real possibilities of their application in practice.

Keywords: Ammonia slip, SCR, SNCR, Nitrogen determination
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Nanoparticles synthesis and their application for many different purposes be-
long to hottest topics of the current research. Commercially offered nanoparticles
suffer from agglomeration in time and therefore they are unsuitable for long-term
storage. This work deals with development of a new method of preparation silver
and copper nanoparticles in-situ. Nanoparticles are prepared by bottom-up pro-
cess from their inorganic salts solutions by electrical discharge at normal conditions
(room temperature and atmospheric pressure). It is observed that particles with
size below 100 nm are produced in the cathode zone of the discharge apparatus.
Remarkably, the nanoparticles are prepared without use of any stabilization agent
and free of agglomeration during the storage. Nanoparticles prepared under vari-
ous operational conditions were characterized by ultraviolet-visible spectroscopy
(UV-Vis) and scanning electron microscopy (SEM). Following research will be fo-
cused on nanoparticle properties and quantity improvement. Prepared particles
will be consequently used for further research of their antibacterial activity on vari-
ous substrates.

Keywords: nanoparticles, electrical discharge
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Electroluminescence (EL) is an opto-electrical phenomenon where a material
emits light when a strong electric field is applied. The printing of thick layer al-
ternating current electroluminescent (AC-EL) panels is currently the most suitable
technology for fabrication of large area, highly patterned light emitting sources.
The whole structure can be printed on both glass or polymer substrate so it is pos-
sible to prepare flexible devices in various shapes and sizes. Screen printing is ideal
technique for preparation of AC-EL panels due to its ability to deposit thick layers
with limitless possibility of patterns.

Our device is fully printed via screen printing machine RokuPrint SD 05 where
the first layer is a transparent indium-tin oxide (ITO) as a front electrode. Next
layer is an active phosphor material (ZnS) with thickness around 30 um which is
covered by double layer of dielectric (BaTiO3) ~ 17 um thick. The last layer is silver
rear electrode with conductive busbar around 10 um thick. Thickness of the layers
was taken by mechanical profilometer Dektak XT. The working panel is then encap-
sulated to minimize risk when operating the device. Optimal printing parameters
such as velocity of printing, off contact distance, stress, etc. were found when print-
ing on either glass or plastic substrates.

AC-EL panel was connected to an alternating current high frequency power
source and irradiance and wavelength of emitted light was taken by fibre optic
spectrophotometer. It can be seen from profilometry and optical measurement that
critical step is to print the active layer to improve performance of our light emitting
panels. More work will be done to achieve smooth and above all homogeneous
active layer.

Keywords: Screen printing, Electroluminescence, ZnS, Dielectric, Phosphor
This work was supported by Ministry of Industry and Trade via project No. FV

10278-1, research infrastructure was supported by projects MSMT No. LO1211 and
FCH-5-16-3393.
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1 Introduction

Polymers can interact with oppositely charged surfactants via electrostatic forces.
These electrostatic interactions can form many types of colloids or nanocolloids.!
Hydrogels are colloidal materials which can be, under proper conditions, prepared by this
way. Dispersion phase in gels is in liquid state and dispersed phase (colloidal “particles”)
is in solid state. Hydrogels can be formed at sufficiently high concentration of surfactant,
the surfactant micelles can act as crosslinking points and gelled material is formed.
Surfactant micellar structures form hydrophobic domains in these hydrogels and these
domains are in scale of nanometers. Behavior of gels depends on the density of its
network.2 The combined occurrence of polymers and surfactants is found in such diverse
products as cosmetic, paints, detergents, drugs, pesticides and so on.! Nanodomains in
these gels should be capable of solubilization of hydrophobic substances. If there are no
problems of biocompatibility, gels can be used in applications in different fields related to
human health. It includes e.g. pharmaceutical, bioengineering, (bio)medicine, drug
delivery. These gel materials can be explain as hybrid —hydrophilic-hydrophobic —
materials from the point of view of polarity of their constituents.?

This work is focused on the preparation of such gels from positively charged
polymers and negatively charged surfactants and on the study of their rheological
properties.

2 Experimental

Dextran hydrochloride (powder prepared from dextran of average molecular weight
500 000) was purchased from Sigma Aldrich and used as cationic polysaccharide without
further treatment. Sodium dodecylsulphate (>99.0 %), cationic surfactant, was purchased
from Sigma Aldrich and used as received. Gels were prepared by mixing stock solution of
polyelectrolyte and stock solution of surfactant. Stock solutions were prepared in
deionized water (Purelab Flex, ELGA) or in 0.15M NaCl. Stock solutions of dextran
hydrochloride were prepared at concentrations of 1 and 4 weight % and stock solutions of
surfactant were prepared at concentrations of 100 and 400 mM. Equal volume of stock
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solution of polysaccharide and equal volume of stock solution of surfactant was mixing in
vials and gel was prepared. Gels were prepared in four different concentrations as given
in Table 1. The vials were left on a shaker overnight. Gelation process was completed and
gel phase was separated.

Table 1: Final concentrations of substances in prepared gel systems

sample polyelectrolyte surfactant
weight % mM
1 2 200
2 0.5 50
3 2 50
4 0.5 200

For solubilization tests was used Oil red O as hydrophobic dye. Oil red O was
purchased from Sigma Aldrich too. Solubilization capabilities were tested visually. A
small amount of oil red O was added to vials with prepared gel systems. They were left
solubilize on shaker overnight.

For solubilization test was used prodan as a universal fluorescent probe too. Stock
solution of prodan was prepared in acetone at concentration 0.2 mM. Stock solution of
prodan was first added to the vials. Final concetration of prodan was 0.2 uM, acetone was
left to evaporate and then the gel preparation followed as described above. Fluorescent
spectra were measured at laboratory temperature using Fluorolog (Horiba Sientific) and
the excitation wavelength of 361 nm and emission wavelength of 400 — 570 nm.

3 Results and discussion

In this case the aqueous environment had visible influence on the gel formation. Gel
was formed only with the sample composition 3 when deionized water was used. In other
sample compositions was only clear solutions resulted probably due to the disruption of
micelles which then could not serve as crosslinking points. In the environment of 0.15 M
NaCl gels were formed in all of sample compositions. The amount of the formed gel was
dependent on the concentration of both compounds in the vials. The higher the polymer
and surfactant composition formed the higher amount of gel, but concentration of
polymer had higher effect of gel amount.

Solubilization tests confirmed the presence of hydrophobic domains in samples 1, 2
and 4. Solubilization effect is showed in Figure 1 (see the red color of the gels and the red
color of the supernatants). Red color of supernatants indicates that not all micelles were
incorporated into gels. In the case of sample 3 only the gel was colored and sank in
colorless supernatant. This means that all micellar structures were incorporated into gel
phase so hypothetically this gel phase was strongly hydrophobic and therefore it could be
useful for medical applications, especially for hydrophobic drugs (substances).
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Figure 1: Results of solubilization tests of dextran hydrochloride gels prepared in 0.15 M NaCl.

Figure 2 shows the dependence of both rheological moduli on the deformation
frequency. It is clear that mechanical properties of the gels can be controlled in a wide
range by the composition of the gelling system. There were measured frequency
oscillation tests to obtain both of rheological moduli. Measurements were carried out at
constant strain amplitude of 1% and changing the frequency oscillation of the sensor in
the range of 0.01 — 200 rad s™.

10000 ‘
§ ¢
v 83
1000 Ooggéﬁg
oo‘@
E 6 : *
:“10049.50 s
3 2 0 4
i9$8ﬁ °
[ ]

-
=]
[ ]

1 T T T
1 10 100
angular frequency [rad/s]

Figure 2: Storage (filled symbols) and loss (empty symbols) moduli of dextran gels prepared in
0.15 M NaCl. Sample 1 (blue), sample 2 (orange), sample 3 (green), sample 4 (red).

In the case of dextran hydrochloride hydrogels both of moduli had a substantially
lower values indicating a mechanically weaker materials. Further, the loss modulus for
dextran sample composition 1 and 3 is higher than the storage modulus for (almost) all
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frequencies. It indicated that these samples were more viscoelastic liquids than true soft
solid materials. Both moduli of sample composition 2 had very similar values whereas
sample composition4 showed untypical behavior - the storage moduli was higher (and
almost frequency-independent) at low frequencies and then, at medium and high
frequencies, practically equal to the loss modulus. Generally, the values of all moduli of all
samples increase with the frequency and do not reach the high frequency plateau. This
means sparsely crosslinked material with lower crosslinking density.

3.1 Fluorescent probe

As a fluorescent probe was used prodan because is sensitive to its environment and
capable of solubilization in both hydrophobic and hydrophilic domains. Prodan is
dependent on the polarity of the environment. In cyclohexane is the maximum of
emission spectra located at around 401 nm, in ethanol at around 496 nm and in water at
around 531 nm. In dextran gels maximum was located at around 477 nm. Thus, in these
gels were prodan molecules located in domains of lower polarity. Location of prodan is
dependent on the type of polyelectrolyte.

4 Conclusion

Dextran hydrochloride can interact with oppositely charged surfactant SDS and
form physically crosslinked hydrogels (under proper conditions). Resulting gel materials
contain hydrophobic nanocontainers which are able to solubilize hydrophobic compounds
(molecules). Structure and rheological properties depend on the concentration of
polyelectrolyte and surfactant. These materials can be used in many applications,
especially in medicine for drug delivery systems or topical treatments.
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1 Introduction

Steady-state and time-resolved fluorescence of a-naphthol and HPTS
(8-hydroxypyrene-1,3,6-trisulphonic acid) in the environment of hyaluronan or PSS
(polystyrene  sulfonate) complexes with cationic surfactant CTAB (cetyl
trimethylammonium bromide) and Septonex were measured. The measurement was used
for characterization of the hydration shell of hyaluronan and his influence on micellar
complex of hyaluronan with surfactants. PSS measurement was used to compare the effect
of hydration shell on deprotonation characteristics of individual probes. In the complex of
PSS with cationic surfactants the presence of significant hydration shell is unanticipated!.
For the determination of deprotonation properties of these fluorophores, steady-state and
time-resolved fluorescence of a-naphthol and HPTS in a water and in ethanol mixtures
were measured.

Fluorescent probes which have been mentioned above, undergoes proton transfer
during excitation. Excited state proton transfer reactions are one of the basic
photochemical reactions. These reactions are isomerization reactions in which the
individual isomers maintain balance and through tautomerization reactions may move
from one isomer to another2. The driving force for the photo induced proton transfer is
change of acidity or basicity of the functional groups®. In molecules with naphthol or
phenol nucleus, because of excitation, shift of electron density from the oxygen atom in
functional group to the aromatic nucleus occurs. The result of this shift is rapid increase of
acidity in excited molecules compared to the molecules in the ground state2. If there is
molecule of solvent which can acts like an acceptor of proton, due to the shift of acidity on
functional group, deprotonation of functional group (hydroxyl group) can occurs. This
deprotonation process is called excited state intermolecular proton transfer or ESPT.
Transfer of the hydrogen proton arise anionic form of the fluorophore, which can either
react with another molecule, or it can relax on the ground state*.

Relaxation to the ground state result in reprotonation and releasing of excess energy
in the form of emission from anionic form of the probe with a characteristic bathochromic
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shift compared to the emission of neutral form. This shift is due to the large energy losses.
Energy losses are due to geometric changes taking place on the molecule during the
proton transfer. In the absence of a protons acceptor tautomerization reactions and
formation of anionic or cationic forms of the probe can be suppressed. The whole process
of proton transfer strongly depends on the nature of the environment, its ability to form a
hydrogen bond and on the conformation of the molecule*>.

Another possibility for an excited state proton transfer is intramolecular proton
transfer or ESIPT. It that case, the acceptor and the proton donor group is located on the
same fluorophore at a given distance and in the correct orientation to form the
intramolecular hydrogen bond*. In many cases, excited state proton transfer can result in a
dual emission spectrum. Dual spectrum is consisting from the emission spectrum of the
neutral form and in the emission spectrum of the anionic or cationic form of the molecule.

As mentioned earlier, fluorescent properties of fluorescent probes were measured in
different environments of micellar solution of cationic surfactants with complex of anionic
polymers, hyaluronan or PSS. Solutions of micellar colloids at low concentration show
a characteristic course of the physical properties depending on the concentration. Micellar
colloids, at low concentration, forms true solutions. At higher characteristic
concentrations, hydrophobic parts of the molecules try to minimize contact with the
solvent and aggregates are formed. This concentration is called the critical aggregation
concentration (CAC). Further increases of concentrations, up to critical micellar
concentrations (CMC), structures like micelles are formed®.

2 Experimental

Hyaluronan (1500 — 1750 kDa) was purchased from Contipro Biotech s.r.o. Referent
polymer, PSS (1MDa) was purchased from Sigma-Aldrich Chemistry. Cationic
surfactants, CTAB was purchased from Sigma-Aldrich Chemistry and Septonex was
purchased from GNB Chemistry.

To characterize the resulting complexes two fluorescent probes undergoing proton
transfer in the excited state were used, namely, a-naphthol and HPTS both were
purchased from Sigma Aldrich and used as received.

The concentration of the probe in the samples for determination of the effect of the
surfactant on hydration of the probe was for a-naphthol 1-10mol-dm?3
and 5:10¢ mol-dm for HPTS. Constant concentration of hyaluronan or PSS in the sample
was 7 mg-dm?. Surfactant concentration was in ranged from 0 to 2-102mol-dm?.
For determination of the effect of hyaluronate on hydration of the probe concentration of
probes as was the same as in was mentioned above. The surfactant concentration was
constant for each row 3 mM, 5mM, 7 mM, 10 mM and 20 mM. The concentration of
hyaluronan or PSS in the row was in ranged from 0 to 15 mg-dm-. The total volume of one
of each sample, using deionized water as the solvent, was 5 cm?.

For measurement of the fluorescence spectra of the fluorophores Fluorolog system
was used. For measurement of the lifetimes Fluorocube system was used, both systems
are from Horiba Scientific. From these measurements, deprotonation rate constant’” and
dissociation constant were calculateds.
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3 Results and discussion

Emission characteristic of a-naphthol for the various surfactants were significantly
different. While in the system of hyaluronan — CTAB, fluorofor was solubilized between
the interface of polymer and micelles Stern layer (Figure 1). Around micelles hydration

shell is formed, which then passes into bulk of water. This hydration shell is merged with
hydratation shell of hyaluronan chain.
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Figure 1: Emission spectrum of a-naphthol in complex of hyaluronan — CTAB,

with emission maximum of anionic form located around 460 nm and emission

maximum of neutral form located around 350 nm. Schematic representation of
the position of the probe in the complex of micelles and the chain is insert.

In the complex of hyaluronan — Septonex, a-naphthol, due to the decreasing in
the fluorescence intensity anionic form and increasing of fluorescence intensity of the

neutral form, was solubilized into the hydrophobic part of the micelle. Schematic
representation is given in Figure 2.
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Figure 2: Emission spectrum of a-naphthol in complex of hyaluronan — Septonex,
with emission maximum of anionic form located around 460 nm and emission
maximum of neutral form located around 350 nm. Schematic representation of the

position of the probe in the complex of micelles, and the chain is inserted
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Differences in the individual surfactants are shown in different dissociation
constants, pKa" when the micelles of Septonex, where a-naphthol is not affected by
hydration shell of hyaluronan and dissociation constants achieve the same numbers as in
the case of 60% ethanol (Table 1). The same trend can be observed on dissociation
constants in the polymer PSS. Where hydration shell is unanticipated and thus do not
affect even the CTAB micelles. Compared PSS — CTAB at hyaluronan — CTAB, impact of
the hydration shell is noticeable, dissociation constant pKa." reaches lower values in
average. In an organized environment like micelles, proton transfer rate is considerably
slowed down compared to the bulk of water. The rate of proton transfer in hyaluronan —
CTAB system is higher in average compare to the values in the system of Septonex
(Table 2). Due to the different location and hydration of probe. In the micellar solution of
the individual surfactants (3 to 20 mM) concentration of hyaluronan was also increased.
Increasing the concentration of hyaluronan in micellar solution of surfactant showed an
insignificant influence on the emission characteristics of the fluorophore. But there is a
noticeable impact overall surfactant concentration. With increasing concentrations of
Septonex fluorescence intensity of deprotonated form were reduced and the increasing
intensity of fluorescence neutral form of the probe was recorded. Also, deprotonation
constants 20mM Septonex were different compared to 3mM more than doubled.

Table 1: Dissociation constant in excited state of a-naphthol in different mixtures of ethanol
in water and in different complexes of hyaluronan (Hya).

EtOH (%) pKa*
100 -

90 2.96
80 2.66
60 2.48
20 2.42
10 0.41
0 0.32
Hya — Septonex 2.0
Hya - CTAB 1.5
PSS - Septonex 2,3
PSS - CTAB 2.1

Table 2: Deprotonation constant in different complex of hyaluronan (Hya).

System kpt (ns)
Hya - Septonex 2.3
Hya - CTAB 3.3
PSS — Septonex 1.5
PSS - CTAB 19

HPTS measurement confirmed the interaction of the surfactant and hyaluronan
before reaching the critical micelle concentration. All emission spectra anionic form HPTS
in hyaluronan showed a similar pattern (Figure 3). Before the critical aggregation
concentration there was a slight decrease in the intensity. The decrease reached a
minimum with first creation of aggregates. Then there is a reorganization of the entire
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system and the emergence of classical micelles. Which leads to self-quenching probe,
accompanied by a sharp decrease in fluorescence intensity.
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Figure 3: Plot of emission intensity (in maximum) of HPTS anionic form on logarithm of the
concentration of CTAB in complex with hyaluronan.

4 Conclusion

Due to solubilize a-naphthol in the Stern layer, it would be expected that due to the
growing concentration of CTAB and hyaluronan interfacial surface, hydration surface,
become larger and thereby increase the fluorescence intensity of both anionic and neutral
emission form of the probe would grow. Therefore, it can be assumed that if the hydration
shell of hyaluronan occurred along the entire length of his chain, there would be
significant changes in the deprotonation characteristics of the of the neutral form of the
fluorophore. In this case, it appears that the hydration shell is concentrated nearby to the
negative charge of dissociated carboxyl groups, where there is also interaction with the
positively charged surfactant, and a-naphthol is solubilized in the resulting interfacial.
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1 Introduction

Solvents have a crucial influence on the properties of materials’ 2. Hydrogels are
macromolecular networks swollen in water that absorb large amounts of water. Ions
bridging the macromolecular chains serve as the common model of ionomer crosslinks?.
The good example of such a crosslink is the alginate with Ca?* ions. They have a strong
influence on the viscoelastic properties*. In our model, the molecule of water has only a
partial charge on oxygen. It is not sufficient to create strong ionic crosslinks, but some
effect on behavior can be expected. Hydrogels can be classified into chemically and/or
physically-crosslinked networks and each type of network has different mechanical
properties. Hydrogels are usually weak and brittle, therefore in last years the interest in
tough hydrogels increased. Tough hydrogels can be classified according to network
structure’, this article is mainly focus on hybrid networks (chemically and physically-
croslinked networks).

The aim of this article is focused on the effect of the solvent in the deformation
behavior of hydrogels. The subject of our study is to clarify how the water influences the
viscoelastic behavior of hydrogels. When the water is closed to two macromolecular
chains, it can form ‘water bridges’, as well as chemical crosslinks form the bridging of
molecules. Chemical crosslinks will be analyzed by hybrid models, on the other hand
water bridges will be analyzed by the variation of partial charge on polyethylene glycol
chain. The investigation should reveal the dynamic structural changes during the forward
and reverse deformation, so the solvation of hydrophilic chains that can be controlled by
partial charge on the deformation will be studied. From the partial charge Bjerrum length
can be calculated, which is a criterion that classifies the networks according to the
presence of water in solvation zone. Finally, the structural recovery of both chemical and
water crosslinks will be mapped.
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2 Experimental

Physical and hybrid models were created by molecular dynamics using GROMACS
softwares. The initial simulation box was set as a cube with 5 nm side length. The box was
deformed at deformation rate of 0.1 ns! in the direction of the z-axis. Along the x(y)-axis,
the model box was compressed in order to keep the volume constant. The energy density
was recorded during the simulation.

The real representation of hydrogel visualized by VMD software’. The original
model of gel was proposed to mimic the real hydrogel with physical crosslinks (PCLs) in
the form of acrylic acid (AA) clusters’. The structure of hydrogel was formed by
hydrophilic polyethylene glycol (PEG) chains crosslinked by micelles of poly-lactide
glycolide (PLGA) and acrylic acid (AA). Real hydrogels are mostly composed of micelles.
The real micelles are reduced in our models to the minimalistic structure of interacting
clusters of AA. The core of micelle was made of physically interacting acrylic acid (AA)
groups, whereas the shell was formed by hydrophilic PEG chains. Micelles (physical
crosslinks PCLs) were connected by flexible PEG chains that were considered entangled
and periodic. The model involved eight chains, each chain consisted of 20 AA groups and
60 monomeric units of PEG, where each AA group alternated with 3 monomeric units of
PEG. Between two AA groups strong interaction (50 k] mol) was set. The simulation box
was solvated by 2447 molecules of water using standard Simple Point Charge (SPC-E)
model of water. Before the equilibration the interacting AA groups were distributed
uniformly. After the equilibration of the polymer network with water the AA groups were
assembled to the clusters.

The chemical cross-link (CCL) was simulated as additional bonding interaction
between two atomic groups. Crosslinks were added between the closest segments of two
neighboring chains (intrachain CCLs were not taken into account) so that original
structure of the physically crosslinked network kept unchanged. The atomic pairs for
formation of CCLs were assumed to follow three conditions:

e A CCL can be formed only between two carbon atoms from PEG chain. Thus,

oxygen atoms and AA groups were excluded from the formation of cross-link.

e  Distances of initial atomic groups that were able to form a CCL must be shorter

than 0.4 nm.

e  The atomic groups forming a CCL must belong to different macromolecular

chains to prevent formation of chain loops.

In every simulation box approximately 120-150 pairs that were able to form CCL
were found. The number of CCLs was added in range 0 to 64 CCLs per box. However, the
number of CCL depended on the size of simulation box. From this reason the number of
CCLs was converted to structural parameter cpc (abbreviates chemical/physical crosslink
ratio), which was independent on the size of simulation box. Hence, the key structural
parameter cpc can be expressed as a ratio of number of chemical crosslinks (ncct) relative
to number of AA clusters (physical crosslinks nrcr) in the simulation box:

opo = 29cL. M

Npcr

The PCLs were formed spontaneously, and their number cannot be controlled. On
the other hand, the CCLs were formed randomly, they mostly appeared in vicinity of
PCLs. Hence, a structural component PCL/CCLs was defined. Such combined structural
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components were marked as hybrid crosslinks, which enabled us to define the four
structural types of network.
2.1 The physical and chemical crosslinks

First, deformation behavior of physical and hybrid models (with physical and
chemical crosslinks) was studied. The dependence of deformation behavior on the type of
network was summarized in Table 1:

Table 1: The dependence of deformation behavior on the type of network

cpc Description of network Crosslinks Deformation behavior
0.00 Chemically uncrosslinked Only PCL Physmal type of network
with softening phase
. . . Similar to purely physical
0.70 Lightly chemically crosslinked NeeL<npcL network
1.45 Moderately chemically e >N Between physical and
: crosslinked ceLipeL covalent type of network

Strongly chemically
crosslinked

Covalent type of network

3.05 NceL>NpeL

With increased degree of chemical crosslinking, the network was structurally more
similar to the covalent network. It was assumed that the additional chemical crosslinking
would inhibit the hysteresis. Hence, the degree of chemical crosslinking was gradually
increased and hysteresis during deformation was detected for different networks. The
hysteresis vanished, when the concentration of chemical crosslinks reached approximately
3 CCLs per one PCL (cpc = 3.05). The other networks up to cpc =1.45 show deformation
behavior similar to the physical network cpc=0. The network with cpc=1.45 shows
hysteresis, however the network with cpc=3.05 was completely elastic. Hence, if the
network includes enough chemical crosslinks, the network response can be considered as
elastic.

2.2 Water bridges

Further, variations of charge on polyethylene glycol chain of physical model were
investigated. Model molecular chains presented in this work have a variable charge on
oxygen from 0 to —1. Such range is larger than usual charges in real materials. The partial
charges in polyethylene glycol were calculated by extended Hiickel analysis. The positive
charge on CH2 group was (+0.175¢) and (-0.35¢) on oxygen. The value e is elementary
charge. The extended Hiickel analysis probably underestimates the absolute value of
charge on the chains. The real charges on PEG are probably (8ct2>0.175) and (80<-0.35e).
The range of accessible partial charges is relatively broad from -0.35 polyethylene glycol
to —0.75 in proteins. In this range one can influence the charge by composition. Much
higher charges (<-1) can be reached by dissociation of ionic bond, but in this case, the
electrostatic equilibrium influences also the acid basic equilibrium.

All deformation functions show certain hysteresis (Fig.1). It was observed in our
model, that hysteresis grows with the charge on the hydrogel network. However, the
contribution of charge was not linear. It seems that the properties change sharply at a
certain charge. Up to 3o =-0.4 the charge does the viscoelasticity is small. The network
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with partial charge o =-0.6 has slightly larger hysteresis than previous networks, but it is
still very similar to the networks with low charge (3o = 0 to -0.4). Starting from the charge
do =-0.8, the networks are significantly viscoelastic. It is known that the presence of
highly charged groups plays a role in hysteresis of deformation and there is sharp change
in properties between charge o = -0.4 and -0.8. Even the small change on oxygen shows
certain hysteresis. There is not observed qualitative change of behavior. Moreover, the
classification of the limit network with charge 8o = -0.6 according to Fig.1 is ambiguous,
whether it is still the network with low charge or with high charge. Thus, the presence of
‘water bridges’ appears up charge do = -0.6 and causes the more viscoelastic response of
network.
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Figure 1: Stress strain curves of forward-reverse shear deformations for networks with different
partial charges. Charges on oxygen from PEG were 6o = 0.0 to -1.0. Solid lines are forward
deformation, dash lines are reverse deformation. All curves show the hysteresis. The curves for
60 =0.20 — 1.0 were shifted equidistantly along the y-axis for better visibility.

Next, it was analyzed the presence or absence of the connection of two
macromolecular chain (bridging molecules). A network with a partial charge of -1.0 has
up to 141 molecules of water per simulation box, network with partial charge —0.8 has 79
molecules per simulation box, and the network with —0.6 charge 5 molecules per
simulation box. Networks with charges of —0.4 to 0.0 have no such molecule. The expected
change in structure is between —0.6 and —0.8 as was observed by deformation response.
Recently, the influence of covalent crosslinks was investigated®. We have proposed the
input variable ratio number covalent/number physical crosslinks: cpc. Analogously, one
can recalculate the number of water bridging molecules to the number of physical
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crosslinks (wpc). In this case wpc-10=7.05, wpcos=3.95, wpcos=0.25, and wpc=04=0. The
comparison of values of cpc and wpc enables one to see the difference between the acting
of the covalent crosslinks and the water bridges. In general the addition of covalent
crosslinks shifts the deformation behavior to a more elastic behavior, whereas the water
bridges cause increased viscoelasticity.

2.3 Recovery

Finally, the structure recovery of the damage that occurred in the network during
deformation was analyzed, because hysteresis can be structural interpreted. Consider the
points 4, B, C denoting distinct stages in our simulations. Each point corresponds to
different stretching degrees (10 %, 50 %, and 100 %, respectively). The simulation duration
was 10 ns, 50 ns, and 100 ns. Each point can be reached in two ways: either by slow
deformation directly to the point 4, or by rapid deformation to point 4, where by the
deformed sample will be kept subsequently for the remaining time 4°- 4o. The samples A
and A’ differ by their deformation history, otherwise they have the same macroscopic
properties. Cluster shape modification and segmental hops were not included as criteria
of recovery.

The time dependence of the volume fraction of physical clusters (Figure 2a,) for slow
deformation and for deformation with waiting in stretched state was observed. The slowly
deformed sample is always less damaged than the quickly deformed one. We found that a
weakly crosslinked material, which has been deformed quickly, displays recovery and
regenerates to the same degree as during slow deformation. At 100 % deformation,
structure recovery is not observed and one finds unidirectionally oriented fibrils of
individual macromolecules as persisting stable elements in the structure which remain
even after unloading.

Analogously, there was investigated the effect of water crosslinks (Figure 2b). When
the charge of macromolecular chains equaled to —1.0 (8o =-1.0 and high content of WCL),
no recovery was observed. When the charge of macromolecular chains equaled to zero
(80=0.0 and no WCL), after deformation the recovery is observed. When the charge of
macromolecular chains equaled to —0.24 (50 =-0.24 and no WCL), the solvent plays a
crucial role.
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Figure 2: Structural recovery of network damage: a) Variation of the volume fraction of PCLs for
cpc = 0.7 during the two simulations. b) Variation of the volume fraction of PCL for charges 0.0,
-0.24 and -1.0.

3 Conclusion

The interaction of macromolecule and solvent and its influence to the deformation
properties was investigated. The solvent in this case water can form hydrogen bonds with
macromolecular chain and influence its deformation response. The formation of hydrogen
bonds leads to increase of solvation of macromolecular network. The structure of
hydrogels’ model was formed by hydrophilic polyethylene glycol (PEG) chains
crosslinked by micelles of poly-lactide glycolide (PLGA) and acrylic acid (AA). Micelles
(physical crosslinks PCLs) were connected by flexible PEG chains that were considered
entangled and periodic. The model shows various degree of solvation of macromolecule.
The degree of solvation is controlled by electric charge on the macromolecules. The model
enables one to detect structural response during deformation, particularly distribution of
water.

The results revealed the presence of water in the vicinity of polymer chain. At low
charges on the chain, the change of deformation behavior was not observed, although the
solvation was detected. At high charge on the chain, the change of deformation behavior
was observed. This is due to the fact that the water here works as weak bridge between
two macromolecules (WCL). The water molecule can be attracted by one or two
hydrogens to one macromolecular chain of polyethylene glycol or can connect two
macromolecular chains. The deformation response of physical network with WCLs is
more viscoelastic than network without solvation. The acting water crosslinks were
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analyzed analogously to covalent crosslinks, which were formerly added to physical
network. The deformation of hybrid covalent/physical network is more elastic. It seems
that the presence of WCL causes the viscoelastic response, whereas the presence of CCL
(covalent crosslinks) causes the elastic response. The solvation influences also structural
recovery after deformation. At 100 % deformation, structure recovery of physical network
is not observed and the permanent fibrillar structure is observed. Analogously, when the
charge of macromolecular chains equaled to -1.0, no recovery was observed. When the
charge of macromolecular chains equaled to zero, recovery was observed. However, it
seems that the presence of WCL has not the essential role in the recovery. The model
provides the information about the control of properties of hydrogels by partial charge on
the macromolecule. The partial charge in real material can be influence by selection of
appropriate material of the macromolecular phase.

4 References

1. Maspoch, D., Ruiz-Molina, D., Wurst, K., Domingo, N., Cavallini, M., Biscarini, F.,
Tejada, J., Rovira, C., Veciana, J.: A nanoporous molecular magnet with reversible
solvent-induced mechanical and magnetic properties. Nature materials. 2003, vol. 2,
pp- 190-195.

2. Seddon, K., Stark, A., Torres, M. ].: Influence of chloride, water, and organic solvents
on the physical properties of ionic liquids. Pure and Applied Chemistry. 2000, vol. 72,
pp- 2275-2287.

3. Sun, J.-Y., Zhao, X., llleperuma, W. R. K., Chaudhuri, O., Oh, K. H., Mooney, D. J.,
Vlassak, J. J., Suo, Z.: Highly stretchable and tough hydrogels. Nature. 2012, vol. 489,
pp- 133-136.

4. Yang, C. H, Wang, M. X,, Haider, H., Yang, J. H,, Sun, J.Y., Chen, Y. M., Zhou, J.,
Suo, Z.. Strengthening Alginate/Polyacrylamide Hydrogels Using Various
Multivalent Cations. ACS Applied Materials. 2013, vol. 5, pp. 10418-10422.

5. Peak, C. W, Wilker, J. J.,, Schmidt, G.: A review on tough and sticky hydrogels.
Colloid and Polymer Science. 2013, vol. 291, pp. 2031-2047.

6. Hess, B., Kutzner, C., Spoel, D. van der, Lindahl, E.: GROMACS 4: Algorithms for
Highly Efficient, Load-Balanced, and Scalable Molecular Simulation. Journal of
Chemical Theory and Computation. 2008, vol. 4, pp. 435-447.

7. Humphrey, W., Dalke, A., Schulten, K.: VMD: Visual Molecular Dynamics. Journal of
Molecular Graphics. 1996, vol. 14, pp. 33-38.

8. Zidek, J., Milchev, A., Vilgis, T. A.: Dynamic behavior of acrylic acid clusters as
quasi-mobile nodes in a model of hydrogel network. Journal of Chemical Physics. 2012,
vol. 137, pp. 244908-.

9. Zidek, J., Jancar, ]J., Milchev, A., Vilgis, T. A.: Mechanical Response of Hybrid Cross-
Linked Networks to Uniaxial Deformation: A Molecular Dynamics Model.
Macromolecules. 2014, vol. 47, pp. 8795-8807.

210



Involvement of photovoltaic panels
and heat pumps for family houses and
their subsequent regulations to obtain

maximum energy self-sufficiency

Petr Levek
Josef Kotlik

Brno University of Technology, Faculty of Chemistry,
Institute of Environmental Chemistry
Purkyiiova 118, 612 00 Brno
petr.levek@uut.cz

For more than 15 years of photovoltaic panels and their use for house owners in
a conventional manner using renewable resources. The number of households us-
ing photovoltaic panels are growing every year despite a reduction in government
subsidy programs in photovoltaics. Thanks to the reduction in purchase prices, par-
ticularly of photovoltaic panels, it is not today that this kind of solar energy is un-
available for homeowners who want to gain many benefits from renewable sources.
This does not mean however, that the customer is already interested in a return,
on the contrary, it is still one of the major factors in the selection system. Another
major factor in the selection is the possibility of achieving energy self-sufficiency in
the shortest possible time.

The best systems with optimum involvement for houses with a yield of 12 to 15
years, use solar panels, battery repository, and heat pumps at the same time. The
combination of these systems seems to be according to the results of measurements
optimal and could during its lifetime achieve with proper regulation values up to
70% of energy self-sufficiency. It is therefore obvious that to achieve similar energy
self-sufficiency and acceptable return leads in addition to the optimal implemen-
tation of appropriate elements, reduce consumption, use modern energy-saving
appliances, efficient use of energy needed, in particular the possibility of regula-
tion, thanks to the data and predictions. For larger investments, but automatically
lengthening the payback period of up to unprofitable levels can according to long-
term monitoring and results achieve complete energy independence much earlier.
Our aim during the project with the participation of companies such as Ekoenergie.
org, is to not increase investments in similar systems or achieve better values, but
rather reduce investments for faster returns and increase energy self-sufficiency
with the assistance of maximum optimization and proper regulation on the basis
of long-term results of our measurements and tests. With the use of our results and
regulation, we plan to achieve energy self-sufficiency level of around 80%, in the
first year from the date of commissioning of the system.

Keywords: Photovoltaics, solar panels, regulation, energy self-sufficiency
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Efficiencies of two peroxides were tested in the course of the free radical-in-
duced modification of polypropylene (PP) using maleic anhydride (MAH) as
monomer. The influence of the initiator structure, decomposition mechanism and
concentration on the grafting yield was observed and it was found that the grafting
yields is influenced by the structure of the generated primary radicals and their
reactivity. The experimental results compared grafting yields of MAH onto PP
initiated using trifunctional 3,6,9-triethyl-3,6,9-trimetyl-1,4,7-triperoxonan (Trigo-
nox 301) and bifunctional 2,5-dimethyl-2,5-bis(terc-butylperoxy)hexan (Luperox
L101). The decomposition mechanism of Trigonox 301 was suggested based on the
similarity to another trifunctional peroxide. The area of the theoretical values of
the initial grafting rate R has been determined and subsequently compared with
the experimental values of R . The influence of the structure and concentration of
the peroxide was evaluated using the melting flow rate (MFR) and the rheological
curves of PP-g-MAH.

Keywords: grafting, polypropylene, reactive extrusion, maleic anhydride
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Organic electronic devices offer a convenient solution for bioelectronic sensor
applications due to the biocompatibility of organic semiconductors and biologic tis-
sues. So-called biosensors can convert electrochemical processes connected to cell
membranes into electronic signals. A matrix of such biosensors can simultaneously
scan a number of biological samples as well as living tissue in the body. Device
with great potential which arise from this field is the organic electrochemical tran-
sistor (OECT), which can be easily patterned by printing, individually functional-
ized, and directly interfaced with biomolecules and living cells. In our research
we focused on preparation and characterization of OECTs based on conductive
polymer (poly(3,4-ethylenedioxythiophene) doped with poly(styrene sulfonic acid)
(PEDOT:PSS) as the active layer. The microplate with multielectrode array of 96
OECTs was developed and fabricated by screen printing method. It consists of a
12x8 chimney — well array with transistors on the bottom. The OECT is circular
with a channel of 1.5 mm? in the centre surrounded by the circular gate electrode.
The device is designed for electrogenic cells monitoring. For this purpose we de-
signed multi-layered OECT with lateral architecture. All layers were screen printed
on flexible substrate polyethylene naphthalate (PEN) using semiautomatic screen
printing device RokuPrint SD 05. Electrical properties of screen printed OECTs
were investigated by testing output, transfer and transient characteristics in phos-
phate buffered saline (PBS). The device was also tested on 3T3 fibroblasts cell cul-
ture and the sudden environmental changes were recorded.

Keywords: organic electrochemical transistor, PEDOT:PSS, screen printing, or-
ganic electronic
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The stereoselective Henry reaction is a powerful C-C bond forming process
providing a source of enantioenriched nitroaldols, which are ubiquitously used as
building blocks for pharmaceuticals and agrochemicals.

In the organocatalyzed asymmetric Henry reaction, the homogeneous chiral
thiourea catalysts proved their excellent effectiveness and selectivity. However, the
currently known chiral thiourea organocatalysts for the enantioselective nitroaldol
reaction of aromatic aldehydes are associated with limited possibilities of further
functionalization of their structure, expensive resolution agents, difficult low-yield
syntheses involving precious transition-metal complexes and chromatographic pu-
rification, cumbersome isolation of the final nitroaldol products from the reaction
mixture and none or low (predominantly anti) diastereoselectivities.

In our current work, we focused on a simplification of the chiral backbone
of the catalysts to the “bare minimum” and present the four novel C,-symmetric
bis(thiourea) organocatalysts based on axially chiral biphenyls. Catalysts were pre-
pared via high-yield and scalable syntheses avoiding transition-metal complexes,
protecting groups and chromatography using inexpensive resolution agents. Modi-
fication of a chiral biphenyl backbone allowed us to incorporate tertiary amine func-
tionalities to the structure of the catalysts that eliminates the need of auxiliary base
during the reaction. All synthesized catalysts were fully structurally elucidated and
prepared in both enantiopure forms. The above organocatalysts were tested in the
asymmetric Henry reaction of mainly aromatic and heteroaromatic aldehydes with
linear nitroalkanes. Under the optimized reaction conditions, the excellent chemi-
cal yields (up to 99%), very good to excellent enantioselectivities (up to 97% ee) and
remarkable syn-diastereoselectivities (up to 10:1) were observed, especially for the
electron-deficient substrates.

The viability of the newly developed catalytic process, offering operationally
simple isolation of the respective 3-nitroalcohols, was proved in syntheses of enan-
tiopure (S)-econazole and (R)-mirabegron a late-stage intermediate.

The preliminary kinetic and spectroscopic experiments were conducted in or-
der to gain better insight into the reaction mechanism of the above transformation.
Accordingly, quite interesting temperature and solvent effects were observed.

Keywords: bis(thiourea) organocatalysts, asymmetric synthesis, enantioselec-
tive Henry reaction, syn-diastereoselectivity, mirabegron, econazole.
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Documents have been used for many centuries. A breakthrough period of their
use is a period of the Industrial revolution. In forensic examination of documents,
very frequently questions are concerning authenticity of documents and period of
their creation. Chemical analysis of writing inks is one of the ways how to answer
these questions.

The aim of this work was to study the aging process of ballpoint pen inks, char-
acterized by the evaporation of volatile solvents. The most common solvent in blue
ballpoint pens is 2-phenoxyetanol (PHE). It was found in more than 80 % of the blue
ballpoint pens in different concentrations. To analyze a quantity of volatile solvent
was used method of gas chromatography with mass spectroscopy (GC/MS), which
combines high separation effectiveness gas chromatography with specific detec-
tion of the mass-spectrometer. We can also obtain information on the structure of
unknown participating substances. We were used two different methods in this ex-
periment. The first one compared the content of 2-phenoxyetanol in fresh samples
of extracted inks with the samples which were subjected to the thermal aging. The
second one used a derivatization of inks samples before analyzing. The samples
in the first method were prepared in two series. One part of inks spread on office
paper was fresh and the second part was subjected to the thermal aging at 70°C +
5°C, 70 minutes. The samples of both series were cut on small pieces, put into micro
vials and poured extracting agent — acetonitrile with internal standard — diphenyl-
amine. The samples in the derivatization method were cut on small pieces, too, put
into micro vials and sealed by derivatization mixture containing tetrahydrofuran,
pyridine and MSTFA in a ratio 5:1:1. The measurements were realized on the device
GC 7890A Agilent Technologies; capillary GC column HP5-MS (Agilent; 30 m, 250
um internal diameter, 0,25 um film thickness of stationary phase).

Trying both mentioned methods we decided to use the first one. Based on the
results of the method comparing the content of 2-phenoxyethanol in samples sub-
jected to the thermal aging with non-aged samples we can say if the analyzed docu-
ment is older or younger than 2 years. The disadvantage of using the method in
practice is the destructivity. In further experiments, it is necessary to determine the
smallest analyzable amount of sample.
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One of the most important properties that determined application possibilities
of thin films is their adhesion to the substrate. Value of the critical load obtained
by nanoscratch test is the normal force which is evaluated from the measured load
curves and corresponding to the first significant lateral force component fluctuation
which correlates with the adhesion failure of the film. In addition, this critical load
is load at which the adhesive failure occurs in the scratch track observed by atomic
force microscopy.

Thin films of hydrogenated amorphous carbon-silicon (a-SiC:H) alloy were
deposited on silicon wafers from tetravinylsilane (TVS) monomer by plasma-
enhanced chemical vapor deposition (PECVD). The pretreatment of silicon wafers
was carried out with argon or oxygen plasmas (10 sccm, 5.7 Pa, 5-200 W) using
continuous wave for 10 min to clean the surface from adsorbed gases and reach
reproducible adhesion of films. A mass flow rate of TVS used for film deposition
was 3.8 sccm at a pressure of 2.7 Pa. Pulsed plasma was employed to deposit thin
films at an effective power ranging from 2 to 150 W. Thin films of 0.1 um thickness
were tested by scratch test using a conical (90°) diamond tip (radius of 1 um) with
the peak load of 6 mN at a loading rate of 12 mN/min and using a scratch length
of 10 um.

Measurements demonstrated that the scratch test resulted in the same values
of the critical load over the entire surface of the samples regardless of the exact
position on the sample. Good reproducibility of the film adhesion was found
for the individual depositions. It was discovered that the critical load also does
not depend on the loading rate. Different powers (5-200 W) applied for wafer
pretreatment with argon or oxygen plasmas did not affect the film adhesion. We
revealed that the critical load for a-SiC:H films increased with enhanced power
from 1.6 mN (2 W) up to 4.6 mN (75 W) and was invariable for higher power 4.4 mN
(150 W). No aging effects were observed in the first 850 days after film deposition.

Keywords: PECVD, thin films, adhesion, nanoscratch test.
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The organic electrochemical transistor (OECT) has a potential for develop-
ment of innovative biomedical devices. The straightforward fabrication, low-cost
printing techniques, individually functionalized and directly interfaced is an ad-
vantage of printed OECT. Our research is focused on preparation and character-
ization of fully printed OECT based on (poly(3,4 ethylenedioxythiophene) doped
with poly(styrene sulfonic acid) (PEDOT:PSS) as the active layer and printed gold
resin as biocompatible electrodes. Here, we printed electrochemical transistor with
planar architecture consisting of gold resin to form circuit matrix, PEDOT:PSS as an
active layer and silicone rubber to mask and insulate underlying structures. Gold
resin was printed by Fujifilm Dimatix Material Printer (DMP) 2800 on glass slide.
All other layers were screen printed on annealed (450°C) glass slide using semi-
automatic screen printing device RokuPrint SD 05. Devices were prepared using
commercially available PEDOT:PSS Clevios S V3. Electrical properties of printed
OECTs were investigated by testing output and transfer characteristics in phos-
phate buffered saline (PBS). The maximum transconductance 4 mS was achieved.
The OECTs were used for cultivation of cardiomyocytes. This work was supported
by the Grant Agency of the Czech Republic (project 17-24707S) and by the Ministry
of Education, Youth and Sports of the Czech Republic (project LO1211).
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1 Introduction

Interaction between surfactant and polymer has been engaged in a lot of scientific
studies worldwide. Using appropriate types of substances, concentrations and the right
choice of environment, the phase-separated hydrogels can be prepared. Thanks to its
unique viscoelastic properties and ability to absorb large amounts of water there is their
importance not only in the various types of industry, but particularly in medical
applications. Hydrogels are successfully used in cosmetology and dermatology, due to
their hydrophilic nature and ability for hydration and skin regeneration as well as they
can form scaffolds for tissue engineering.

The greatest effort is the use of hydrogels in the targeted drug delivery whose idea
is closing, usually non-polar active substance or drug into a particular type of carrier that
is able to deliver the drug to the affected tissue, thereby preventing the action of cytostatic
effects of the drug to healthy tissue. The carrier should also guarantee prolonged
circulation of the drug in the blood circulation system and usage of a lower effective
concentration of the drug. Targeted drug delivery finds application in a number of
diseases however it is contemplated for the use in the field of cancer treatment the most. A
number of substances useful as a carrier are examined and they are generally based on
liposomes, dendrimers, polymeric micelles or just hydrogels'?34. Due to their specific
structure, hydrogels release the drug more gradually and more slowly. Porosity of the gels
also allows permeation of oxygen and nutrients. At last, substances that form hydrogels,
must be biocompatible and biodegradable, nontoxic, and with appropriate physical and
chemical properties. Anionic polysaccharide hyaluronan seems as one of the suitable
candidate for the post of carriers.

Hyaluronan is hydrophilic substance known for strong water-binding. It is
commonly located in human body. After its discovery, hyaluronan was gradually applied
in many fields like ophthalmology, cosmetology and eventually in the wounds-healing.
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Moreover it has been found that hyaluronan has a unique sensitivity to receptors which
are overexpress by tumor tissue. This fact can be used specifically for targeted drug
delivery. However, unmodified hyaluronan is hardly able to dissolve the non-polar
substances. One possibility is to use the aforementioned electrostatic interactions with
cationic substances, usually surfactants, to form a phase separated hydrogel>5.

The aim of this study is to investigate the preparation and properties of the gels
based on hyaluronan and oppositely charged surfactants. Three representatives of
surfactants with the same hydrocarbon chain but different counterion, namely
cetyltrimethylammonium bromide, chloride and p-toluensulfonate (CTAB, CTAC, CTAT),
were selected for comparison. The basic characterization is made using the method of
rheology. Viscoelastic behaviour of the samples is discussed regarding the usage of these
gels in the field of medical application.

2 Experimental

Hyaluronan hydrogels are prepared by phase separation method. It is based on
mixing the proper amount of hyaluronan and surfactant solutions or their powder forms.
0.15M NaCl is used as a solvent. Samples are then left for 24 hours or centrifuged for 15
mins at 3500 rpm. Methods of preparation are marked as no. 1, 2, 3 or 4 for powders-
standing, solutions-standing, powders-centrifuge or solutions-centrifuge. Composition of
prepared hydrogels is described below. Stock solutions of hyaluronan and surfactants
underwent the measurements as well.

2 % Hya + 200 mM surfactant
2 % Hya+ 50 mM surfactant
0.5 % Hya +200 mM surfactant
0.5 % Hya+ 50 mM surfactant

2.1 Viscoelastic properties

All rheology measurements were conducted with DISCOVERY HR2 rotational
rheometer which is provided by TA Instruments. Experiments were at 25 °C using the
parallel plates geometry with radius of 20 mm. For strain sweep test there was a constant
oscillation frequency value of 10 rad s!. Deformation amplitude range has been changing
in between 0.01-1 000 %. Phase angle 0 was obtained using the Eq. (1) which combines
values of G" and G” (elastic and viscous moduli, respectively). The use of phase angle is
just for clarity of the diagrams. Phase angle values below 45 ° represent solid-like material
and on the contrary values above 45 ° represent liquid-like material.

_Gll

tg(d)= S (1)

Fig. 1 shows the influence of the preparation method in case of Hya-CTAT
hydrogels. Two samples of gels marked as “the most rigid” and “the least rigid” were
selected for each preparation method. The most rigid gels were practically always that

219



ones with 200 mM concentration of surfactants. This means that hyaluronan has enough
amount of surfactant to form a dense, rigid net. On the other hand samples that contain
50 mM of surfactant seem to be the least rigid.

Influence of the preparation method especially centrifugation causes the difference
in the most rigid gels. Centrifugal force makes the inner structure of gels denser which
leads to forming even more rigid gel. However in the case of the least rigid gels there is an
opposite effect that indicates that either centrifugal force cannot help the particles to
bound tougher with each other to form more rigid net.

80

—=— Prep. No. 1) The most rigid gel
—a— Prep. No. 1) The least rigid gel
—=— Prep. No. 2) The most rigid gel

70 4

60 | = Prep. No.2) The least rigid gel /
Prep. No. 3) The most rigid gel 4
0 Prep. No. 3) The least rigid gel 7

Prep. No. 4) The most rigid gel
Prep. No. 4) The least rigid gel

phase angel | °|

1 10 100 1000 10000
amplitude of deformation [%]

Figure 1: Viscoelastic properties of Hya-CTAT gels depending on preparation method

Fig. 2 represents the comparison of Hya-CTAT gels with other selected samples
Hya-CTAB or Hya-CTAC respectively, each of them prepared by method no. 2. This
results show the bigger rigidity of Hya-CTAT gels even in “the least rigid” samples over
the other representatives. The behaviour of Hya-CTAT gels should seem to be ideal, but
there is the necessity to consider the future application.
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Figure 2: Comparison of viscoelastic properties of Hya-CTAT gels with other representatives

2.2 Flow behaviour

Following chapter describes viscosity of the Hya-CTAT samples in the range of
shear rates from 0.02 to 200 s'1. For clarity of the results there are logarithmic scales used in
the graphs.

Fig. 3 represents the dependence of the viscosity on the shear rate. Hya-CTAT
samples are compared in a way of preparation method which includes two
representatives for each method named as “the highest viscosity” gels and “the lowest
viscosity” gels resulting in no effect of preparation method. Hya-CTAT representatives
correlate with previous measurements as the highest viscosity ones are gels with 200 mM
concentration of surfactants and the lowest viscosity gels contain surfactant in
concentration of 50 mM. The difference in zero shear rate can be observed over the three
orders and all gels evince Newtonian behaviour. Using the higher shear rate, the curves
have the tendency to decrease in pseudoplastic manner leading to the same value of
viscosity. That means that the consistent and competitive gels can be prepared regardless
the preparation method. The decreasing tendency of viscosities indicates that gels can
reach the desirable viscosity of e.g. human eye with the certain shear rate of the blink of an
eye thus the hydrogels like these can be used for ophthalmic applications.
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Figure 3: Flow behaviour of Hya-CTAT gels depending on preparation method

4 Conclusion

This study revealed the basic characterization of hydrogels based on hyaluronan
with oppositely charged surfactants. From the results of rheological measurements the
fact arised that properties of final gels can be changed by changing the concentration of
input components. Incorporation of hyaluronan into gels appears to be desirable with
respect to bioactivity targeting ability with the tumor tissue.
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